7. Appendix A: Results

MQP Working prototype phase 1

11:20 PM

Figure 7-1: Arduino AnalogRead() test results
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Figure 7-12: 2V single measurement soft polling
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Welcome. Press 'D' to connect to Oasis

Connection Established

Startup complete. Please enter the number of measurements per panel
Flease specify the number of panels in your system

Measuren
Mumber o
Data poini Data poini Data point Data poini Data poini Data point Data poini Data poini Data poini Data point
0 1 2 3 4 5 b 7 8 9
Fanel ID 1 1.96 1.78 1.62 1.47 1.34 1.21 1.1 1.01 0.92 0.83
Panel ID 2 0 0.76 0.69 0.63 0.57 0.52 0.47 0.43 0.39 0.36
Panel ID 3 0 0.32 0.29 0.27 0.24 0.22 0.2 0.18 0.17 0.15
Panel ID 4 0 0.14 0.13 0.12 0.1 0.1 0.09 0.08 0.07 0.07
Panel ID 3 0 0.06 0.05 0.05 0.05 0.04 0.04 0.03 0.03 0.03
Panel ID ] 0 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01
Panel ID 7 0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Panel ID 8 0 0.01 0.01 o o 0 0 0 0 0
Panel ID 9 0 0 0 0 1] 0 0 0 0 0

PV Array voltage successfully measured

Figure 7-17: Open input PuTTY onboard parse test #3 [16]

'® See additional file for previous test



Welcome. Press 'D' to connect to Oasis

9
Startup complete. Please enter the number of measurements per panel
Please specify the number of panels in your system

Measuren 9
Mumber o 9
Data poini Data poini Data poini Data point Data point Data poini Data poini Data poini Data poini Data point
2.496803 0 1 2 3 4 5 ] 7 B8 9

REF 2.5 Panel ID 1 12.05768 12.2591 11.956597 12.1583%9 12.06683 11.94781 12.00275 41.59304 41.6022 41.45571
REF 2.496403 Panel ID 2 41.42349 4144177 41.2955 41.37778  41.6429 41.57891 41.39606 41.43263 41.56062 41.51491
REF 2.496403 Panel ID 3 41.55148 41.16751 41.22236 41.61548 41.34121 41.38692 41.59719 41.49663 41.47334 4148743
REF 2.496403 Panel ID 4 41.41435 41.38692 41.54234 41.4692 41.67947 41.42349 41.56062 41.56976 41.45092 41.60633
REF 2.496403 Panel ID 5 4145092 41.34121 41.55148 41.45092 41.47834 41.49663 41.46006 41.58805 41.60633 41.46000
REF 2.5 Panel ID 6 41.48318 41.55642 41.64797 41.58389 41.53389 41.65713 41.47402 41.63882 41.53811 41.48318
REF 2.5 Panel ID 7 41.48318 41.44656 41.54726 41.5198 41.33247 41.48318 41.49233 41.63882 41.55642 41.446856
REF 2.492806 Panel ID 8 41.70158 41.40945 41.3638 41.35467 41.519 41.519 41.50074  41.5829 41.50987 41.50987
REF 2.492806 Panel ID 9 41.39119 41.519 41.40032 41.4277 41.40032 41.43243 41.49161 41.519 41.38206 41.40032

PV Array voltage successfully measured

Figure 7-18: Parsed 31.02V test



& Python Shell — ‘IEIMF& Oasis_DMMconnect.py - C/Users/Gateway_Admin/Desktop/D_term MQP/COasis_DMMconnect.py

(== = ]

File Edit Shell Debug Options Windows Help

32

Type "copyright", "credits" or "license ()" for more information.
e RESTART

>

press D

Traceback (most recent call last):

File "C:/Users/Gateway Admin/Desktop/D term MQP/Casis DMMconnect.
in <modulel
main (myParams)
File "C:/Users/Gateway_Admin/Desktop/D_term MQP/Casis_DMMconnect.py
in main
while setup(params) != 1:
File "C:/Users/Gateway_ Admin/Desktop/D_term MQP/Oasis_DMMconnect.py
in setup
digitalWrite('13"',
NameError: global name
>
x>
press D
LED Blinking
DMM connected
> |

line 27,

, line &,

r line 22,

HIGH) #show connection was made
'digitalWrite' iz not defined
RESTART

Python 2.7.3 (default, Apr 10 2012, 23:31:26) [M5C +v.1500 32 bit (Intel)] on win:l

._File Edit Format Run Options Windows Help

##pinMode ('13', OUTPUT) #indicator: DVM connection
##pinMode ('12', CUTEUT) #indicator: Battery condition
##pinMode ('11', OUTPUT) findicator: webpage active
def main(params):

setup (params) != 1:

r i in range (D, 10):
i toggle('13'")
i toggle('12')
% toggle('11l')

print "sd" (i)
i= 0

##4serialWrite ('DMM connectedin',
print "DMM connected”

speed=38400)

def setup(params):
hile (params '= "'9'}):
$#serialWrice('D',

#while not connected
speed=38400) #try to connect

print "press D"
$#toggle('13")
params = '3' #fserialRead('0") #Check for confirmation

##digitalWrite ("13', HIGH) #show connection was made

print "LED Blinking™
return 1

i1f _name == "_main ":
myParams = {"read"}

main (myParams)

Figure 7-19: Simulated Server's OasisConnect function
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Figure 7-20: Oasis Connection test rev 0
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% Oasis_DMMconnect.py - Ci/Users/Gateway_Admin/Desktop/D_term MQP/Oasis_DMMconnect.py

([=[=] = ]

serialWrite('D",
digitalWrite('13",
OMM connected

speed=38400)
HIGH)

Traceback (most recent call last):

File "C:/Users/Gateway_Admin/Desktop/D _term MQP/Oasis DMMconnect.py", line 35,

in <module

main(myParams) '
File "C:/Users/Gateway_ Admin/Desktop/D_term MQP/Casis DMMconnect.py", line 16,
in main ‘
while (params < '10'):#fhere params would be BatteryLVL

TypeError: can only compare to a set
>
>
serialWrite('D',
digitalWrite ('13',
OMM connected
Sending reguest for battery charge lewvel
IXTalert('Low Battery')
>33
>
serialWrite('D',
digitalWrite ('13",
OMM connected
Sending reguest for battery charge lewvel
digitalWrite('12', HIGH)

RESTART

speed=38400)
HIGH)

RESTART

=peed=38400) “
HIGH)

File Edit Shell Debug Options Windows Help File Edit Format Run Options Windows Help
digitalWrite('13', HIGH) _:J ##pinMode ('13', COUIPUT) #indicator: DVM connection
DMM connected ##pinMode ("12', OUTPUT) #indicator: Battery condition
##pinMode ("11', OUTPUT) #indicator: webpage active
Traceback (most recent call last):
File "C:/Users/Gateway_ Admin/Desktop/D term MQF/Casis DMMconnect.py", line 35, def main(params):
in <module> getup (params) = 1:
main (myParams) r i in range (0, 10):
File "C:/Users/Gateway_Admin/Desktop/D_term MQP/Oasis DMMconnect.py", line 16, % toggle ('13')
in main #F toggle('12')
while (params < 'L'):§fhere params would be BatteryLVL ## toggle ("11")
TypeError: can only compare to a set print "Ed4" (i)
I RESTART i= 0
>>> ##serialWrice ('DMM connectedi\n', speed=38400)

print "DMM connected"

hile (params '= '10'):##here params would be BatteryLVL

print "Sending request for battery charge lewvel"™
params = "10°"
if params < '5':

"digitalWrite('12', HIGH)"

print

print "TXTalert ('Low Battery')"™

setup (params) :
ile (params !=

'3@'}):  #while not connected

print "serialWrite('D', speed=38400)" #try to connect

$##toggle('13")

params = '3' §#serialRead('0") #Check for confirmation
print "digitalWrite('13', HIGH)" #show connection was made

if _name == "_main_ ":
myParams = {"read"}
main (myParams)

Figure 7-21: Simulated Server initialization
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8. Appendix B: PV System Design options

Table 8-1: List of potential Solar panels

Company
Sunpower
Sunpower
AUO

Jiawei

Sanyo

Trina Solar
Yingli Solar
Shuco USA
Suntech Power
Yingli Solar
Canadian Solar
Shuco USA
Canadian Solar
Kyocera
Kyocera

Crown Renewable energy

Panel number
NW435

NV327

SunForte PM318B00O
SunForte PM318B00
Summit 100

JW-5595
HIP-215NKHAS
TSM-200

Panda60

MS08

5TP2535

YGE T2

CS5A-195MX

PS08

CS6P-235

KD320

KD315

Vmp

72.9
4.7
54.7
4.7
17.6
17.9
42
313
311
30.9
30.8
36.7
37
30,05
29.8
40.1
39.8

5.97
3.98
5.82
3.76

5.7
3.59
5.13
8.31
5.68
8.47
8.28
8.17
3.27
8.17

7.9
7.99
7.92

needed:
area

2.162082
1.630714
1.630714
1.630714
0.546197
0.546493
1.26
1.55265
1.6335
1.637792
1.62688
1.2503
1.277595
1.668
1.608516
2.1938
2.19406

171.9824891 Min Efficiency

201.2934755
200.3906615
195.2236873
193.211072
183.6700473
183.0945711
171
167.5219786
165.2574227
159.5023436
156.756491
153.7399374
152.6227012
1471873501
146.3585068
146.0474846
143.667895

W per meter Efficiency

20.13%
20.06%
19.52% Taiwan
19.32% Taiwan

18.37% St Luis, CA

18.21% china
17.10%
16.75%
16.53%
15.98%
15.68%
15.37%
15.26%
14.72%
14.64%
14.60%
14.37%



Table 8-2: Dishwasher options

Table 8-4: Refrigerator options

Power
Brand Item # Price (kWh/day)
SunFrost RF12 | $2,399.00 0.33909
SunFrost RF16 | $3,177.00 0.54
SunFrost RF19* | $3,325.00 0.838182
Table 8-5: Cooktop options
Power
Brand Item # Price (kWh/day)
Frigidaire FGIC3067MB | $1,449.00 6.12
GE PHP90ODMBB | $1,699.00 6.66
Kenmore | $1,424.00 12.06
bosch NIT5065UC | $1,999.00 6.48
Kitchen Aid
KICU500XSS | $1,699.00 5.76
Table 8-6: Cloth washer & Dryer
Power
Brand Item # Price (kWh/day)
LG WM3987HW | $1,349.00 1.152
Ariston | $1,249.00 1.44
Hair $849.00 1.44

Power

Brand Item # Price (kwh/day)

Asko D5898XXLFI | $1,939.00 0.19807

Asko D5898XXLHS | $1,995.00 0.19807

Asko D5434 $856.00 0.2221

GE GLD4500VBB $499.00 0.2644
Kitchen Aid

KUDE201XSS $899.00 0.2683

Kenmore 0221325900 $599.99 0.3375
Table 8-3: Microwave options

Power

Brand Item # Price (kwh/day)

GE PEB1590DMBB $549.00 1

GE PVM1790DRBB $599.00 1

GE PSB2200NBB | $2,499.00 0.95

GE PSB1200NBB | $2,149.00 0.975
Whirlpool

GMH6185XVB $449.00 1.1

Whirlpool GH7208XRB $723.00 1.2

Maytag MMV6180WB | $489.00 1

Kenmore 02286019000 $729.00 1

Kenmore 02067903000 $379.99 1

Kenmore 02067909000 $349.99 1

Bosch HMB8060 $849.00 1

Bosch HMV3061U $379.00 1




Table 8-7: TV options

Power

Brand Item # Price (kwh/day)
Samsung SMART 6300 | $1,499.00 0.337041718
Samsung SMART 6000 | $1,299.00 0.337041718

VIZIO M3D460SR

$1,029.99

0.807708333




9. Appendix C-1: Calculations

The following are the PV system design calculations which were done through the excel workbook ; BEMANY_energie7.xlsx



Appliances # Needed Comment Brand Item # Price Power (kWh/day) | Current Draw (A)
Kitchen min: $6,112.00 7.30 98.17|
1. Dishwasher 1 Asko D5894XXLFI $1,939.00 0.19807 10.83333333
2. Microwave 1 must have convection oven capabilities Kenmore 02067909000 $349.99 1 8.33333333
3. Refrigerator 1 top freezer, frostless, passive cooling SunFrost RF12 $2,399.00 0.33909 39
4. Cooktop 1 induction cooktop Kitchen Aid KICUS00XSS $1,424.00 5.76 40
5. Range hood| Cooktop ventilation: is it needed? at least 300 CFM TBD TBD 270-500 W
6. Blender Recipe dependent receptacle
7. Coffe Maker Recipe dependent receptacle
8. Juicer Recipe dependent replacable by Blender?
9. Rice coocker Recipe dependent receptacle
10. Toaster Recipe dependent receptacle
11. air freshner(plug in) Recipe dependent receptacle
Food Dispenser TBD
Entertainment min: $2,148.00 1.49 12.60
all-in-one washer (front loader) and dryer
1. Cloth washer & Dryer 1 (condensation) LG WM3987HW $849.00 1.152 12
2.TV 1 LED HDTV Samsung SMART 6000 $1,299.00 0.337041718 0.6
3. game systems 1 PS3 vs Wii. Which is more fun for parties?
Stereo System Dependent on TV 5.1 surround samsung 0.6kW peak
DVD player depend on game system receptacle
Vaccum cleaner TBD receptacle
Work $1,309.00 0.05 2.00
Computer 1 desktop replacement Laptop Dell precision M6600| $1,309.00 0.05 2
Desktop*external Hard drive TBD receptacle
Digital portrait TBD receptacle
P*modem TBD Depends on person here? Y:N
P*printer (all-in-one) TBD Depends on person here? Y:N
P*Router TBD Depends on person here? Y:N
Car charger ? receptacle m ight need it's own 20A CKT
Phone charger 0 receptacle
Other 0.00 80.00
Centralized water Heater (tankless, instant, 1.5 gpm
Water Heater 1 77 Frise) Bosch Tropic WH19 $480.00 80
HVAC 1
TOTAL $9,569.00 8.84 112.77



(calculated)

ELECTRICAL Qry Units power Total power Total Hours per day Wh/per day Total Energy kWh/Day

gree|HVAC 3 145 W 23.28 10126.53167 10.1

GE|Inverter 1
GE|hot water 1 9600 W 9600 W 0.89 8533.333333 8.5
GE|diningroom 3 7.30 W 22 W 2.89 63.26666667 0.1
GE|livingroom 2 15.00 W 30 W 2.89 86.66666667 0.1
GE|bedroom 1 2 33.22W 66 W 2.89 191.9377778 0.2
GE|bedroom 2 4 5.00 W 20W 2.89 57.77777778 0.1
GE|entrance 2 7.00 W 14 W 2.44 34.22222222 0.0
GE[exterior 4 10.67 W 43 W 2.89 123.2977778 0.1
GE|kitchen 1 125.60 W 126 W 2.89 362.8444444 0.4
GE|bath 2 9.50 W 19w 2.89 54.88888889 0.1

1

GE|utility room

GE GDWF100VBB 16 place settings|dishwasher

26.00 W

1092 W

26 W

1092 W

2.89

75.11111111

1183

GE GTH17JBDBB [refrigerator

GE PHPS00DMBB 7700W 7700W 1111111111 8555.555556 | 86 |

0.222222222 1497555556

519 W

519 W

288 W

2.166666667

1013.69863

0.1

[roTAL | | 23051W | | 34.6
| [ [ kWp | kwh/kwp | Invertor PF [ losses Energy needed kWh
[ [ | 9.70 | 5.26 | 0.95 | 40% 34.638
PV Modules kWp/module 0.225
modules 43
Sanyo HIT 225 3.794918264 1.6 m?/module 6.071869222 kVAp
Wp/m? 37 9.219197199
$/Wp 3.0 kWp
cost PV system -$29,113 9.704418104

Max power used

<== Min power needed



hours per day
Total heating 978 W 24
Total cooling 920 w 24
|sEER | 23.00|Heat Pump COP| 6.741
ELECTRICAL LOAD (HVAC) 145 \
max power
1 (calculated)
Units power Total Hours per day Total Energy kWh/Day
#REF!|{HVAC 10126.53
Secusol|hot water 440 W 391.11
ceiling mounted OLED decorative fixture|diningroom 3 7.30 W 63.27
torchere|livingroom 2 15.00 W 30 W 2.89 86.67 0.09
closet rod - LED [bedroom 1 2 33.22W 66 W 2.89 191.94 0.19
wall mounted bed reading light|bedroom 2 4 5.00 W 20 W 2.89 57.78 0.06
F+P Wall LED|entrance 2 7.00 W 14w 2.44 34.22 0.03
cove mounted LED linear strip light|exterior 4 10.67 W 43 W 2.89 123.30 0.12
recessed linear LED 2" wide kitchen 1 125.60 W 126 W 2.89 362.84 0.36
LED Cylinder Sconce [bath 2 9.50 W 19w 2.89 54.89 0.05
surface mounted LED [utility room 1 26.00 W 26 W 2.89 75.11 0.08
Asko D5898XXLFI|dishwasher 214.286 W 357.14
Sunfrost RF12|refrigerator 470 W 918.53
Kitchen Aid KICUS00XSS 7400 W 7400 W 822222
Samsung SMART 6000 1498
Dell Precision M6600 288 W 0.62
[ToTaL | | | 13270 W | | 26.55 |
PHOTOVOLTAIC | | | | kWp kWh/kWp | Invertor PF losses | Energy needed kVAh |
| | | | 7.439731194 5.26 | 0.95 40% 26.555
PV Modules kWp/module 0.435
modules 17 system installed 7.395
Sunpower E20 9.250342956 m?/module 2.162082 kVA
Wp/m? 201 7.067744634
S/Wp 3.0
cost PV system $22,319

Max aveg. power used

Min power needed



(calculated)

kWh per year

ELECTRICAL

Units power

52 W

Total power

208 W

Total Hours per day

4841.777778

Total Energy kWh/Day

surface mounted LED

utility room

GE GDWT280V05SS 14 place settings|dishwasher

26.00 W

1092 W

26 W

1092 W

75.11111111

1820

1830 GE GEH50DEEDSR |hot water 209 W 209 W 185.6925419
ceiling mounted OLED decorative fixture|diningroom 3 7.30 W 22W 2.89 63.26666667 0.1
torchere|livingroom 2 15.00 W 30 W 2.89 86.66666667 0.1
closet rod - LED[bedroom 1 2 33.22W 66 W 2.89 191.9377778 0.2
wall mounted bed reading light|bedroom 2 4 5.00 W 20W 2.89 57.77777778 0.1
F+P Wall LED|entrance 2 7.00 W 14 W 2.44 34.22222222 0.0
cove mounted LED linear strip light|exterior 4 10.67 W 43 W 2.89 123.2977778 0.1
recessed linear LED 2" wide|kitchen 1 125.60 W 126 W 2.89 362.8444444 0.4
LED Cylinder Sconce|bath 2 9.50 W 19W 2.89 54.88888889 0.1

1

GE CFCPINIZ

refrigerator

1800 W

1800 W

1013.69863

GEPHPO0ODMBBlcooktop | 1 | 7700 W 7700w | 111 ] 855555555 | 86 |

N "2 AN 250 W 2sow | 022 | 5555555556

53 W

114.8333333

0.1

[ToTAL

18851 W

30.2

PHOTOVOLTAIC kWp kWh/kWp Invertor PF losses [ Energy needed kWh |
8.194819206 5.26 0.979591837 40% 30.161
PV Modules kWp/module 0.29
modules 28 sytem installed 8.12
tp672p-290 efficiency 17.7 m?/module 0.001771197 kVAp
Wp/m? 164 8.027577998
$/Wp 3.0
cost PV system $24,584

<== Max power used

<== Min power needed



Annual Estimate

1836.28 kWh

1768.46 kWh

67.82 kWh

383.52 kWh

23.11 kWh

31.66 kWh

70.11 kWh

21.10 kWh

12.50 kWh

45.03 kWh

132.53 kWh

20.05 kWh

27.43 kWh

1949.62 kWh

664.76 kWh

1284.87 kWh

3124.92 kWh

3124.92 kWh

0.00 kWh

0.00 kWh

45832.92 kWh

20.29 kWh

6.22 kWh

3863.53 kWh

41942.88 kWh

11226.32 kWh

Sheet setting (1: best, 0: used) End of Day 1 End of Day 2 End of Day 3 End of Day 4 End of Day 5 End of Day 6 End of Day 7 End of Day 8 End of Day 9 |
0 Hours Total
Sun Elevation in radians
Max Insolation Sun Elevation
5.26 kWh/m?/day 4.19 3.32 3.30 3.29 3.28 3.27 3.21 3.24 4.19 3.48
ELECTRICAL PV (AC) 8.12 kWp 33.51 kWh 33.51 kWh 33.51 kWh 33.51 kWh 33.51 kWh 33.51 kWh 33.50 kWh 33.51 kWh 33.49 kWh 301.56 kWh
<-Mech Loads
0|HVAC 208.00 W 17.50 hr 24.00 hr 24.00 hr 24.00 hr 24.00 hr 24.00 hr 24.00 hr 24.00 hr 24.00 hr 209.5 hr 43.58 kWh
GE GEH50DEEDSR|hot water 208.90 W 0.00 hr 0.50 hr 1.00 hr 1.00 hr 1.50 hr 1.00 hr 1.00 hr 1.00 hr 1.00 hr 8.0 hr 1.67 kWh
ceiling mounted OLED decorative fixture|diningroom 21.90 W 3.00 hr 3 hr 3 hr 3 hr 3 hr 3 hr 2 hr 3 hr 3 hr 26.0 hr 0.57 kWh
torchere|livingroom 30.00 W 3.00 hr 3 hr 3 hr 3 hr 3 hr 3 hr 2 hr 3 hr 3 hr 26.0 hr 0.78 kWh
closet rod - LED[bedroom 1 66.44 W 3.00 hr 3 hr 3 hr 3 hr 3 hr 3 hr 2 hr 3 hr 3 hr 26.0 hr 1.73 kWh
wall mounted bed reading light|bedroom 2 20.00 W 3.00 hr 3 hr 3 hr 3 hr 3 hr 3 hr 2 hr 3 hr 3 hr 26.0 hr 0.52 kWh
F+P Wall LED|entrance 14.00 W 3.00 hr 3 hr 3 hr 3 hr 1hr 2 hr 1hr 3 hr 3 hr 22.0 hr 0.31 kWh
cove mounted LED linear strip light|exterior 42.68 W 3.00 hr 3 hr 3 hr 3 hr 3 hr 3 hr 2 hr 3 hr 3 hr 26.0 hr 1.11 kWh
recessed linear LED 2" wide|kitchen 125.60 W 3.00 hr 3 hr 3 hr 3 hr 3 hr 3 hr 2 hr 3 hr 3 hr 26.0 hr 3.27 kWh
LED Cylinder Sconce|bath 19.00 W 3.00 hr 3 hr 3 hr 3 hr 3 hr 3 hr 2 hr 3 hr 3 hr 26.0 hr 0.49 kWh
surface mounted LED|utility room 26.00 W 3.00 hr 3 hr 3 hr 3 hr 3 hr 2 hr 3 hr 0.68 kWh
48.04 kWh
GE GDWT280V05SS 14 place settings|dishwasher 1092.00 W 0.00 hr 3.00 hr 0.00 hr 3.00 hr 0.00 hr 3.00 hr 16.38 kWh
GE CFCPINIZ|refrigerator 1800.00 W 7.00 hr 1.32 hr 1.32 hr! 1.32 hr 1.32 hr 1.32 hr! 1.32 hr 1.32 hr 1.32 hr 17.6 hr 31.66 kWh
77.00 kWh
GE PHP900DMBB|cook top 7700.00 W 0.00 hr 2.00 hr 0.00 hr 2.00 hr 0.00 hr 0.00 hr 4.00 hr 0.00 hr 2.00 hr 10.0 hr 77.00 kWh
GE CEB1590SSSS|microwave 1560.00 W 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 kWh
0|oven 2800.00 W 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 kWh
250.00 W 0.00 hr 0.00 hr 0.00 hr 0.00 hr 2.00 hr 0.00 hr 0.00 hr 0.00 hr! 0.00 hr 2.0 hr 0.50 kWh
GE WCVH4800 clothswasher 13.93 W 0.00 hr 0.50 hr 0.00 hr! 0.50 hr 0.00 hr! 1.00 hr 0.00 hr 6.00 hr 3.00 hr 11.00 hr 0.15 kWh
DCCH480EKOWW |dryer 5600.00 W 0.00 hr 2.50 hr 0.00 hr 2.50 hr 0.00 hr 3.00 hr 0.00 hr 6.00 hr 3.00 hr 17.00 hr 95.20 kWh
0|PC 53.00 W 17.50 hr 0.00 hr 0.00 hr 0.00 hr 2.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr 19.5 hr 1033.50 kWh
Total power used: 13270.31 W 18.26 kWh 41.26 kWh 8.68 kWh 41.36 kWh 9.36 kWh 28.76 kWh 39.10 kWh 45.64 kWh 44.20 kWh 276.62 kWh 1263.84 kWh|<-no Mech Loa|
Virtual daylie meter:
Virtual Net meter:
Max power used:| 45.64 kWh




Best Load time percenton timeon Power Energy
Kitchen Aid KICU500XSS[cooktop 4 100.00% 4.000 7400 W 29.60 kWh
Sunfrost RF12(fridge 24 5.52% 1.325 470 W 0.62 kWh
Total 30.22 kWh
GE Load time percenton timeon Watts Wh
GE PHP900DMBB |cooktop 4 100.00% 4.000 7700 W 30.80 kWh
GE GTH17JBDBB |fridge 24 2.34% 0.562 1800 W 1.01 kWh
Total 31.81 kWh
Siemens Load time percenton timeon Watts Wh
EH7752UC]|cooktop 4 100.00% 4.000 7400 W 29.60 kWh
S36IT70NNP|fridge 24 - - 478 kWh/y 1.30 kWh
Total 30.90 kWh
Bosch Load time percenton timeon Watts Wh
cooktop 4 100.00% 4.000 7700 W 30.80 kWh
fridge 24 - - 539.11 kWh 1.30 kWh
Total 32.10 kWh




10. Appendix C-2: Oasis Code

DMM code

#include <SPLh>
#include <avr/wdth>

void Next(int CNT);

int Connected = 0; //XBee connection state between Server and DMM

int startup = 1; //indicator that this the first time the ADC's channel is being used
intready = 0; //ADC's setting state

intite=0; //counter of how many times the ADC was configured

int CNT = 0; //Switching networks switch ID

int cs = A8; //External ADC's chip select

int VREF = A12; //External ADC's reference voltage

int _reset = A9; //External ADC's reset pin

int dataReadyPin = A14; //AKA DRDY: when data is ready A0 = 0

int MaxData = 0; //max measurement per panel and CBranch
int PanelAmount = 0;//number of panels

int CBranches = 0; //number of CBs

int CurrentID = 0; //current panel being measured

int dataPoints = 0; //current datapoint of measurement series

//indicators
int Batt=1; //red LED, connecedted to PWM pin 1, indicates bad battery
int link = 12; // orange LED indicating the the server is connected

intredO =7; //RedLED, connected to digital pin 10, indicating bad out come

int greenO = 6; // Green LED, connected to digital pin 11, indicating great outcome

int blueO =5; // Blue LED, connected to digital pin 12, indicating good/neutral outcome
int Switching = 13; // Onboard LED, indicating switching network is working

//indicator states
inty = 255;
intn=1;

int Error = 127;

const float AtGain = 1; //600.00/2.286; //attenuator gain
double VperBits = 0;

//Define register addresses and settings

byte ch1 = 0x20; //clock register write mode, channel 1
byte ch2 = 0x21; //clock register write mode, channel 2
byte clkR = 0x28; //clock register read mode

byte set_up = 0x10; //setup register register write mode
byte set_upR = 0x18;//setup register register read mode



byte data = 0x30; //clock register write mode

byte dataR = 0x38; //setup register register read mode

byte clkSetting;

byte set_upSetting;
/*********************************************************************************/
/ )3k 3k /
/ ok function Prototypes /
/*********************************************************************************/

/*********************************************************************************/

/* Next (panel or CB) */

void Next( int CNT){
short set = 0;
int Chip = 0;
int pastChip = 10;
analogWrite(Switching, y);
Serial.print("Switching to subject");
Chip = 0;

while (CNT>15){
CNT -=15;
Chip++;

}

if (Chip >=5)
Chip = 0;

if (Chip != pastChip){
pastChip = Chip;
PORTL = Chip;

}

PORTC = CNT;
Serial.print(PORTC);
Serial.print(" using chip ");
Serial.printin(PORTL);
}
/* connect2Server */
int connect2Server(){ //establish connection
int attempt = 0;
boolean linked = 0;
char in = 0x00;
while (Mlinked){
Serial.println("press '?'");
while (Serial.read() !="'?");//Listen to Server to addressing DMM
while ((attempt != 25)&&(in !="G")){//get confirmation that Server can hear DMM
Serial.println("press 'G');
while (in !="G"){
in = Serial.read();

Serial.printin('Y");
delay(50);



attempt++;
}
if (attempt >= 25){
Serial.println("Reseting in 15 ms");
analogWrite(link, Error);
linked = 0;
attempt = 0;
}//end of reset condition
linked = 1;
}//end of while not linked
analogWrite(link,y);
return 1;
}
/*Set the external ADC to use channel x */
int SetADC(byte ch){
int ADCState = 0;
//if ((ADCState == 0)&&(ite%2==0)){ //only configure the ADC in startup mode
//Configure Clock register
digitalWrite(cs, LOW); //select external ADC and establishes communication
writeRegister (ch, 0x85);  //Write to clock register to enable external oscillator 60Hz output
delay(1);
digitalWrite(cs,HIGH);

//Check clock register

delay(1);

digitalWrite(cs, LOW);

//Serial.println("Clock\n");

clkSetting = readRegister(clkR,8);
//Serial.println("-------=----==mmemmm oo ");
delay(1);

digitalWrite(cs,HIGH);

//Configure Setup register

delay(1);

digitalWrite(cs, LOW);

writeRegister (set_up, 0x44); //Write to setup register to self-calibrates and ask if the data is
ready

digitalWrite(cs,HIGH);

//Check Setup register
delay(1);

digitalWrite(cs, LOW);
//Serial.println("Set_up\n");

delay(1);
set_upSetting = readRegister(set_upR,8);
//Serial.println("--------=--=-m-smm o ");

digitalWrite(cs,HIGH);

//Determine if the ADC is set properly
if ((clkSetting == 0x85)&&(set_upSetting==0x44)){



ADCState = 1;

//ite++;

}

else{
ADCState = 0;
Serial.println("Invalid ADC Settings");
//reset watchdog

}

/1}

return (ADCState);

}

/*  write to the ADC's register */

void writeRegister(byte address, byte Value){
digitalWrite(cs, LOW);
SPlLtransfer(address); //Send address code via MOSI to set register location
digitalWrite(cs, HIGH);
digitalWrite(cs, LOW);
SPIL.transfer(Value); //Send value to writen into the aformentioned register
digitalWrite(cs, HIGH);

} //end writeRegister function

/* read the ADC's register */

word readRegister(byte address, int remainingbits) {
word inByteH = 0; //High incoming byte from the SPI
word inByteL = 0; //Low incoming byte from SPI
word result = 0; //bytes put together to return

digitalWrite(cs, LOW);

SPlLtransfer(address); // connect me to data regiter in read mode
digitalWrite(cs, HIGH);

//Serial.print("register accessed: "); //Indicator of next print statement
//Serial.println(address, HEX); //check I'm accessing the right register

digitalWrite(cs, LOW);
if (remainingbits == 16){ //if the data register is being read
inByteH = SPIL.transfer(0x0000)*256; //send junk to "push out" the data through MOSI. Result is
the most significant bytes through MISO so shift it immediately
inByteL = SPIL.transfer(0x0000); //send "junk" again to get remaining bits
digitalWrite(cs, HIGH);
result |= inByteH+inByteL; //put the bytes together
/*
Serial.print("inByteH: "); //Indicator of next print statement
Serial.println(inByteH, HEX); //check if the first byte is the most significant
bytes of my data

Serial.print("inByteL: "); //Indicator of next print statement
Serial.println(inByteL, HEX); //check if the second byte is correct
Serial.print("result: "); //Indicator of next print statement

Serial.println(result, HEX); //check if the bye got put together correctly*/
}

else if (remainingbits == 8){ //if the other 8 bit registers are being read



result = SPLtransfer(0x0000);  //Send junk to get register value back
digitalWrite(cs, HIGH);
/*Serial.print("Settings: "); //Indicator of next print statement
Serial.println(result, HEX); //check if the result is correct*/
}//end for loop
return(result); // return the result:
}// end readRegister funtion

/* SetArray  */

int SetArrayData(){ //set number of measurements per panel, and the number of
panels
int MeasurementPerThing = 0; //initialise Mearurement per panel as 0

Serial.println("Startup complete. Please enter the number of measurements per subject");
while (!MeasurementPerThing){ //while user hasn't specified the number of data points per
panel, or the number of measurements is impossible AND, the specified number is not a number
MeasurementPerThing = Serial.parselnt(); //ask the user to specify the number of
datapoints per panel
if ((MeasurementPerThing > 101)||(MeasurementPerThing < 0)){
Serial.println("Invalid Request: please enter a number between 0 and 101; exclusive");
MeasurementPerThing = 0;

}
}

Serial.println("confirmed");
Serial.println("Please specify the number of panels in your system");
while (!PanelAmount){ //while the number of panels is impossible
PanelAmount = Serial.parselnt();//get the number of panels in the system
if ((PanelAmount >= 40)||(PanelAmount < 0)){
Serial.println("Invalid Request: please enter a number between 0 and 40; exclusive");
PanelAmount = 0;

}
}

Serial.println("confirmed");
Serial.println("Please enter the number of current branches");
while (!CBranches){ //while the number of panels is impossible
CBranches = Serial.parselnt();//get the number of panels in the system
if ((CBranches >= 36)||(CBranches < 0)){
Serial.println("Invalid Request: please enter a number between 0 and 36; exclusive");
CBranches = 0;

}
}

Serial.println("confirmed");

/*Print system summary*/

Serial.println(" ");//make a new line
Serial.print("Measurements per subject:,");
Serial.println(MeasurementPerThing);
Serial.print("Number of panels:,");
Serial.println(PanelAmount);
Serial.print("Number of circuit branches:,");
Serial.println(CBranches);

return (MeasurementPerThing);



}//end of SetArrayData

void SetCSVsheet(){

Serial.print(",,,");

for (; dataPoints <= MaxData; dataPoints++){
Serial.print("Data point,");

}

Serial.println("");

Serial.print(",,,");

for (dataPoints = 0; dataPoints <= MaxData; dataPoints++){
Serial.print(dataPoints);
Serial.print(",");

}

dataPoints = 0;

Serial.println("");

}

void PanelMeasure(){
for(;dataPoints<=MaxData;dataPoints++){ //Measure each Panel

if(startup == 1){ //1f this is the first measurement of the series
ready = SetADC(ch1); //Set the ADC and enable conversion bit: FSYNC
startup = 0;
}
else{ //1f this is not the first measurement
ready = 1;
writeRegister(set_up, 0x44);
}
Serial.println("press 'g"");
while(Serial.read() !="g"); //while the server hasn'ot given the measure panel command,
wait
while((ready == 1) && (digitalRead(dataReadyPin) == HIGH));//End of while Data's not ready
/ What to do once data is
ready /

word measuredValue = readRegister(dataR, 16);//read data register, which starts new
measurement

Serial.print(measuredValue); //print out the panel voltage
Serial.print(","); //indicate that this is the last character for this measurement
digitalWrite(cs,HIGH);

}//end of measuring panel multiple times
Serial.println("");//move on to the next panel
CurrentID++;

Next(CurrentID);

startup = 1;

dataPoints = 0;

}

void CBmeasure(){
for(;dataPoints<=MaxData;dataPoints++){ //Measure each current branch
if(startup == 1){ //1f this is the first measurement of the series



ready = SetADC(ch2); //Set the ADC for channel 2 and enable conversion bit:
FSYNC

startup = 1;
}
else{ //1f this is not the first measurement
ready = 1;
writeRegister(set_up, 0x44);
}
Serial.println("press 'g"");
while(Serial.read() !="g"); //while the server hasn't given the measure command, wait

while((ready == 1) && (digitalRead(dataReadyPin) == HIGH));//End of while Data's not ready

/********************************What to do once data iS
ready************************************/

word measuredValue = readRegister(dataR, 16);//read data register, which starts new
measurement

Serial.print(measuredValue); //print out the panel voltage
Serial.print(","); //indicate that this is the last character for this measurement
digitalWrite(cs,HIGH);

}//end of measuring panel multiple times
Serial.println("");//move on to the next panel
CurrentID++;

Next(CurrentID);

startup = 1;

dataPoints = 0;

}

void blinkBatt(){
analogWrite(Batt, Error);
}
[II11710 10707170 707177171777717171771717777171717777171177711711171111717111111

/*********************************************************************************/

void setup(){
Serial.begin(57600); / /fastest for debugging purposes
while (!Serial); //wait for serial to establish
SPLbegin();
pinMode(cs,OUTPUT);

pinMode(_reset,OUTPUT);

pinMode(dataReadyPin, INPUT);

DDRL = 0xFF;

DDRC = 0xFF;

// Configure Arduino to use MX7705 ADC

SPLsetBitOrder(MSBFIRST);

SPlL.setDataMode(SPI_MODE3); // BECAUSE DIN AND DOUT ARE on rising edge and they idle
high

SPLsetClockDivider(SPI_CLOCK_DIV16); //set SCK to 1 MHz

digitalWrite(cs, HIGH); // make sure that the device is off

pinMode(3, INPUT);

attachInterrupt(3, blinkBatt, LOW);

Serial.println("Welcome. Please turn on the Server");//indicate init_sys. for Server emulating
purposes only.



}

void loop(){
digitalWrite(_reset, HIGH); = //make sure the ADC is active
while (Connected == 0){ //get connected
Connected = connect2Server();
}

Serial.println("press 's™);
while (Serial.read() !="s");
MaxData = SetArrayData(); //set max measurements per panel and how many panels
SetCSVsheet();
while (Connected){ //while connection is mantained
PORTL = 0;
PORTC = 0;
CurrentID = 0;
while (CurrentID<=PanelAmount){//Measure the PV array
digitalWrite(_reset, LOW);
delay(1);
digitalWrite(_reset,HIGH);
Serial.print("REF,"); //DMM says ready to measure
VperBits = analogRead(VREF);//set VperBits conversion factor
Serial.print(VperBits);

Serial.print(",Panel ID,"); //define next print statement
Serial.print(CurrentID); //tell me which panel is being measured
Serial.print(",");

PanelMeasure();

}//end of measuring array

while (CurrentID<=CBranches+PanelAmount){//Measure the CBs
digitalWrite(_reset, LOW);
delay(1);
digitalWrite(_reset,HIGH);
Serial.print("REF,"); //DMM says ready to measure
VperBits = analogRead(VREF);//set VperBits conversion factor

Serial.print(VperBits);
Serial.print(",CB ID,"); //define next print statement
Serial.print(CurrentID); //tell me which panel is being measured

nn

Serial.print(",");
CBmeasure(); //Measure the current CB multiple times

}//end of CBmeasure()

Serial.print("Requesting Outlook..."); //ask server for outcome

char outcome = Serial.read();

while ((outcome != 'N")&&(outcome !="'C")&&(outcome !='B")&&(outcome !="A")){
outcome = Serial.read();

}

if (outcome == "N"){
analogWrite(redO, Error);
analogWrite(greenO, n);
analogWrite(blueO, n);



else if (outcome == "C"){
analogWrite(redO, y);
analogWrite(greenO, n);
analogWrite(blueO, n);

}

else if (outcome == "B"){
analogWrite(redO, n);
analogWrite(greenO, n);
analogWrite(blueO,y);

else if (outcome =="A"){
analogWrite(redO, n);
analogWrite(blueO, n);
analogWrite(greenO, y);

}

}//end of while connected
}//eof void loop

Python Code (not in Server)
Google upload and update file

import sys

importre

import os.path

import getopt

import getpass

import gdata.docs.service

import gdata.spreadsheet.service
import csv

import subprocess

googlePath = 'D:\\workspace\\googlecl\\google.exe'
username ="
password ="'

atten = float(600)/float(65535)

subprocess.call([googlePath,'docs’, 'get’, 'Oasis Calculations.csv', 'Oasis CalculationsIn.csv'])
subprocess.call([googlePath,'docs’, 'delete’, 'Oasis Calculations.csv', '--yes'])

with open('Oasis CalculationsIn.csv','rb") as fin:
with open('Oasis CalculationsOut.csv','wb") as fout:
reader = csv.reader(fin)
writer = csv.writer(fout)

for row in reader:
if row[0] == 'Measurements per panel:':
rowlength = int(row[1])
elif row[0] == "Panel ID":



i=2
total=0
while (i < 2 + rowlength-1) :
total += float(row[i])
i+=1
row.append(float(total*atten) /float(rowlength))
writer.writerow(row)

gd_client = gdata.docs.service.DocsService()
gd_client.ClientLogin(username, password)

file_path ='Oasis CalculationsOut.csv'

file_name = os.path.basename(file_path)

ext ="CSV'

content_type = gdata.docs.service. SUPPORTED_FILETYPES[ext]

title = 'Oasis Calculations.csv'

ms = gdata.MediaSource(file_path=file_path, content_type=content_type)
entry = gd_client.Upload(ms, title)

Computer simulated OasisConnect() function

##pinMode('13', OUTPUT) #indicator: DVM connection
##pinMode('12', OUTPUT) #indicator: Battery condition
##pinMode('11', OUTPUT) #indicator: webpage active

def main(params):
while setup(params) != 1:
foriin range(0, 10):
#H# toggle('13")
H# toggle('12")
H# toggle('11")
print "%d" %(i)
i=0
##serialWrite('DMM connected\n', speed=38400)
print "DMM connected"

while (params !="10"):##here params would be BatteryLVL
print "Sending request for battery charge level"
params = '10'
if params < '5"
print "digitalWrite('12', HIGH)"
else:
print "TXTalert('Low Battery")"

def setup(params):
while (params !="9"): #while not connected
print "serialWrite('D’, speed=38400)" #try to connect
##toggle('13")
params = '9' ##serialRead('0") #Check for confirmation
print "digitalWrite('13', HIGH)" #show connection was made



return 1

if _name_ =="_main_":
myParams = {"read"}
main(myParams)

Server code
The following was appended with the existing code in pytronics.py




GNU nano 2.2.5 File: [fusr/lib/python2.6/3ite-packages/pytronics.py Modified

The following was appended with the existing code in Server.py
#Called from homepage
@public.route('/Oasis_connect', methods=['"POST'])
def Oasis_connect():
import pytronics
import time
R_Data=0
message = "Connecting”
attempt =0
pytronics.serialWrite('?', 38400,1)
R_Data = pytronics.serialReadln(38400)
R_Data = R_Data[:-2]
while R_Data !="Y" and attempt != 20:
R_Data = pytronics.serialReadln(38400)
R_Data = R_Data|[:-2]
attempt +=1
#blink LED
if pytronics.digitalRead('LED") =="1"
pytronics.digitalWrite('LED', 'LOW")
time.sleep(0.01)
else:
pytronics.digitalWrite("LED', "HIGH")
time.sleep(0.01)
if attempt != 20:
pytronics.serialWrite('G', 38400, 1)#println ("'Server: Good")
pytronics.digitalWrite('LED', '"HIGH") #indicate the DMM is connected



message = "Connection Established"
else:

pytronics.digitalWrite('LED', 'LOW")#indicate the DMM is not connected
message = "Connection Failed"
return (message)

Webpage code

<!DOCTYPE htmI>
<!--20 Jun 2012 dsmall -->
<html lang="en">
<head>
<title>Oasis: Energy Management System</title>
{% include "include/rascal-head.html" %}
<script type="text/javascript">
<!--
function delayer(){
window.location = "OasisSetting.html";

}
-->
</script>
</head>
<body>
{% include "include/rascal-topbar.html" %}
<div class="container">
<div class="well rascal">
<h1>Welcome to the Oasis</h1>
<p>Click Start to initialize and configure your system</p>
<input id="0Oasis_connect" type="button" value="Start" class="btn btn-large btn-danger
rascal" />
<span id="message"></span>
</div>
</div>
<script type="text/javascript">
$("#0asis_connect").click(function () {
document.getElementByld("Oasis_connect").value = "Please Wait";
$("#message").text("Connecting...");
$.post("/Oasis_connect”, function (response) {
$("#message").text(response);
if (response == "Connection Established"){
document.getElementByld("Oasis_connect").value = "Success";
setTimeout('delayer()’, 1000);
}

else{
document.getElementByld("Oasis_connect").value = "Try again";

}
D;
D;
</script>
</body>
</html>



11. Appendix D-1: Datasheets & Manuals
The Following Attachments are the datasheet and manuals for the major components used throughout
this project.



ATmega2560-Arduino Pin Mapping

Bel i

Digital pin 4 (PWM)
Digtal pin O (RXD)
Digtal pin 1 {TX0)

Digital pin 5 (PYWM)
Digtal pin 2 (PYM)
Digital pin 3 (PWM)

vee
GND
Digitsl pin 17 (RX2)
Digitsl pin 16 (TX2)

Digitsl pin 6 (PWW)
Dighal gin 7 (M)
Digital pin 8 (PWW)
Digtal pin 9 (P}
Digial pin 53 (S8)
Digital pin 52 (SCK)
Digital pin 51 (MOSI)
Digital pin 50 (MISO)
Dégital pin 10 (PWM)
Digital pin 11 (PWM)
Digial pin 12 (PWM)

vCe
GND

PBY {OCOAQCICPCINTY) [E]

113 (PWWM)

eA

Analog Reference
Anslog pin 0

Analog pin 1

RESET

Analog pin 2

Analog pin 3

vCC
GND
XTALZ
XTALY

ital pin 49

e -2560

Analog pin 4

Analog pin 5

| =] PFB (ADCA/PCINT14)
|Z] PFT (ADCT/PCINT15)

Analog pin 6
Analog pin 7

Igital pin 48
igal pin 47

146 (PWM)
145 (PWM)
144 (PWM)
igital pin 43
ngital pin 42
n 21 (SCL)
n 20 (SOA)
in 19 (RX1)
in 18 (TX1)

T e

Analog pin 8

| 5] PKO (ADCA/PCINT 16)

5] PKT (ADCSPCINTT7)

Analog pin 8

Analog pin 10
Anslog pn 11

P2 (ADCIOPCINT18)
[Z] PK3 (ADC11/PCINT19)

] PIca (ADC12/PCINT20)

iue 1 A ul

Anslog pin 12

Analog pin 13

'F] P5 (ADC1UPCINT21)

Analog pin 14

| 5] PKB (ADC14PCINTZ2)
|51 PK7 (ADCASIPCINT23)

Analog pin 156

GND
vce

Digitat pin 22
Digital pin 23
Dighal pin 24

Digital pin 38

2560

Digtal pin 25
Digitsl pin 26
Digital gin 27
Dgital pn 28
Digitad pin 29
Digtal pin 39

Digtal gin 14 (TX3)
Digtal pin 15 (RX3)

GND

vce

Digtal pin 30
Digtal pin 31
Digitai pin 32
Digial gin 33
Dightal pin 34
Digital pin 35
Digial pin 35
Digtal pin 37
Digital pn 80
Digital pin 41



SN541.5138, SN545138, SN74LS138, SN74S138A

SDLS014

3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

DECEMBER 71972 -AREVISED MARCH 1988

® Designed Specifically for High-Speed:
Memory Decoders
Data Transmission Systems

® 3 Enable Inputs to Simplify Cascading
and/or Data Reception

@ Schottky-Clamped for High Performance

description

These Schottky-clamped TTL MSI! circuits are
designed to be used in high-performance
memaory decoding or data-routing applications
requiring very short propagation delay times. In
high-performance memory systems, these
docoders can be used to minimize the effects of
system decoding. When employed with high-
speed memories utilizing a fast enable circuit, the
delay times of these decoders and the enable
time of the memory are usually iess than the
typical access time of the memory. This means
that the effective system delay introduced by the
Schottky-clamped system decoder is negligibie.

The ‘LS138, SN545138, and SN74S5138A
decode one of eight lines dependent on the
conditions at the three binary select inputs and
the three enable inputs, Two active-low and one
active-high enable inputs reduce the need for
external gates or inverters when expanding. A
24-line decoder can be implemented without
external inverters and a 32-line decoder requires
anly one inverter. An enable input can be used
as a data input for demultiplexing applications.

All of these decoder/demultiplexers feature fully
buffered inputs, each of which represents only
one normalized load to its driving circuit. All
inputs are clamped with high-performance
Schottky diodes to suppress line-ringing and to
simplify system design.

The SN54L5138 and SNE4S13B are
characterized for operation aover the full military
temperature range of —55°C to 125°C. The
SN74L5138 and SN745138A are characterized
for operation frem 0°C to 70°C.

SN54LS138, SN54S138 . . . J OR W PACKAGE
SN74L8138, SN745138A . .. D OR N PACKAGE

(TOP VIEW)
Ay Wais[Jvee
B2 1s[0vo
cls wfdv1
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GiQs 11Qva
y707 1o[dvs
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SNEALS138, SN54S138 . . . FK PACKAGE
(TOP VIEW)
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TThese symbels are in accordance with ANSI/IEEE Std 81-1984
and [EC Publication 817-12.
Pin numbers shown are for D, J, N, and W packages.

PRODUCTION DATA documents cantain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not
necessarily tnclude testing ¢f all parameters.
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SN541S138, SN545138, SN741LS138, SN745138A
3-LINE-TO 8-LINE DECODERS/DEMULTIPLEXERS

logic diagram and function table

61
ENABLE &1
inpuTs | S2AT
G28
SELECT
INPUTS

‘L8138, SN545§138, SN745138A

-~

g

“s)
Y

i

0

(14) v

-

Y

{13} v

2

udtl;

(12)

Y3

-

(11) va

:

A[“ Dc‘

{

0
11\’5

—

:

B(2) D@

9}

Y6

;

(3)
c—f>o—d

Pin numbers shown are for D, 4, N, and W packages.

e
>
—>—

(7}

>

‘L513B. SN54138, SN74S5138A
FUNCTION TABLE

INPUTS
ENABLE SELECT OUTPUTS
Gl G2*|C B A | YO Y1 Y2 Y3 Y4 Y5 Y6 Y7
X H X X X H H HHHMHHH
L X |X X X]/HHHMHHHHH
H t L L L L HHHHMHHH
H L L L H H &£t HHHHHH
H L |L H L[{HH L HHHHH
H L L H M H H H L HH HH
H L H L L H HHH L HHH
H L IH L HIHHHMHHTLHH
H L H H L H HHHMHHH L H
H L H H H H HH H H HH L

*G2 = G2A + G2B

H = high level, L = low level, X = irrelevant

DATA
OUTPUTS

Texas *9
INSTRUMENTS

POST OFF'CE BOX 655012 « DALLAS. TEXAS 75265



SN54LS138, SN545138, SN741L5138, SN745138A
3-LINE TO B-LINE DECODERS/DEMULTIPLEXERS

schematics of inputs and outputs

EQUIVALENT OF EACH EQUIVALENT OF EACH TYPICAL OF OUTPUTS
ENABLE INPUT OF 'L5138 SELECT INPUT OF ‘L8138 OF 'LS138
Yoo — - ! TTmTmEmT T T
Vee - 5 ki NOM
20 k2 NOM

iNPUT !L

INPUT - '\ — ——

}‘4
'y
A4
4
EQUIVALENT OF EACH TYPICAL OF QUTPUTS
INFUT OF SN54S138. SN748138A OF SN545138, SN74S138A
- Vee
50 O NOM
vVece --
2.8 Kk NOM -
INPUT —¢ - OUTRUT

X

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, VO {588 NOte T) . .. . L i i e e e 7V
INPUL VO BGE . . . .. o o e e e e e e 7V
Operating free-air temperature range: SN54LS8138, SN545138 ... .. ... ... ... -55°C 10 125°C

SN74LS138, SN748138A . . ... .. ... . .. ... 0°C to 70°C
Storage temperature TANGE . . . . . v ittt i e e e e e e —-656°C to 150°C

NOQTE 1: Voltage values are with respect to network ground terminal.

TEXAS ‘{'f
INSTRUMENTS
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SN54LS138, SN74LS138
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

recommended operating conditions

SNE4L5138 SN74L5138
UNIT
MIN NOM MAX | MIN NOM MAX ]

vce Supply voltage 4.5 5 5.5 | 4.76 6 B.25 v
VIH High-levef input voltage 2 2 v
VL Low-level input valtage 0.7 0.8 \3
IOH High-fevel output current -0.4 -0.4 mA
lgL Lew-level output current 4 8 mA
TA Qperating free-air temperature -55 125 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)
SN74L5138
PARAMETER TEST CONDITIONS T SN54LS138 3 unNIT
MIN TYPF MAX | MIN TYP! MAX
VK Ve = MIN, I = ~18 mA -1.6 -1.5 v
\Y = MIN, ViH = 2V, Vi = MAX,
VoH cc H t 25 3.4 2.7 34 v
IoH = —0.4 mA
v Voo = MIN, Vi = 2V, oL = 4 mA 0.25 0.4 0.25 0.4 v
oL ViL = MAX oL = BmA 035 05
I Voo = MAX, V) = 7V 0.1 0.1 ] ma
1™ Voo = MAX, vy = 2.7V 20 20 T
Enable -0.4 -0.4
i V. = MAX, V| =04V A
i ce : A B C -0.2 02| ™
log® Voo = MAX -20 -100 | —20 -100 | mA
Icc Veop = MAX,  Outputs enabled and open 6.3 10 6.3 10 mA
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ Al typical values are at Voo = 6V, Ta = 25°C,
§Not more than one output should be shorted at a time, and duration of the short-circuit test should not exceed one second.
switching characteristics, Vgg = BV, Ta = 26°C
FROM TO LEVELS SN54LS138
PARAMETERS (NPUT) {OUTPUT) OF DELAY TEST CONDITIONS SN74L5138 UNIT
MIN  TYP MAX
tPLH 2 11 20 ns
tPHL Binary A 18 41 ng
n
tPLH Select Y 3 21 27 ns
tpHL RL = 2 kQ, €y = 156 pF, 20 39 ns
tPLH 2 See Note 2 12 18 ns
t 20 32 s
PHL Enable Any L
tpLH 3 14 26 ns
tPHL 13 3B ns
1tp|_H = propagation delay time, law-to-high-level auput

tpHL = propagation delay time, high-to-low-level cutput
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

TEXAas ‘t’?
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SNb45138, SN745138A

3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Ve (see Note 1)
Input voltage
Operating free-air temperature range: SN545138

SN745138A

Storage temperature range

NOTE 1: Valtage values are with respect to network ground terminal.

recommended operating conditions

55V
-55°C to 125°C
0°C to 70°C
—65°C to 150°C

SN545138 SN745138A UNIT
MIN NOM MAX MIN  NOM MAX
Veo Supply voltage 4.5 5 565 | 475 5 6.25 v
VIH High-level input voltage 2 2 v
VIL Low-level input voltage 0.8 a.8 Vv
loH High-level output current -1 -1 mA
oL Low-level output current 20 20 mA
Ta Qperating free-air temperature —55 125 Q 70 °C

electrical characteristics over recommended operating free-air temperature range {uniless otherwise

noted)
SN545138
PARAMETER TEST CONDITIONST SN74S13BA UNIT
MIN  TYPT MAX
ViK Vee = MIN, I = —1B mA -1.2 v
SN545’ 2.5 3.4
VOH Voo = MIN, Vil = 2V, VIL =08V, lgy = -1TmA SN745 2.7 3.4
VoL Ve = MIN, Vi =2V, VL =08V, Ig. =20mA 0.5 v
h Ver = MAX, V| =55V 1] mA
ItH Voo = MAX, V=27V 50 nA
It Voo = MAX, Vi=05V -2 mA
Igs3 Voo = MAX - 40 -100 | mA
Icc Voo = MAX, Qutputs enabled and open 43 74 mAa

T For conditions shawn as MIN or MAX, use the appropriate vatue specified under recommended operating conditions.

+ All typical values are at Vg = 6V, Ta = 25°C.

$Not more than one output should be shorted at a time. and duration of the short circuit tast should not exceed one second.

POST OFFICE BOX B550'2 » DALLAS
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SN545138, SN745138A
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

switching characteristics, V¢ = 5V, Ta = 25°C

FROM TC LEVELS SN545138
1 TEST CONDI SN745138A UNIT
PARAMETER {INPUT) {OUTPUT) OF DELAY s TIONS
MIN TYP MAX
teLH 2 4.5 7 n§
tPHL Binary Any 7 105 ns
tPLH Select 3 7.5 12 ns
1PHL R, = 280 Q, Cy = 158 pF, 3] 12 ns
tPLH 2 See Note 2 5 8 ns
1
LEHL Enabie Any 7 ! i
tPLH 3 7 11 ns
tPHL 7 11 ns

T‘PLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
NOTE 2: Load circuits and voitage waveforms are shown in Section 1.

TeExas *ﬂ"
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device Status (¥ Package Type Package Pins Package Qty Eco Plan @ Lea_d/_ MSL Peak Temp (3) Samples
Drawing Ball Finish (Requires Login)
76005012A ACTIVE LCCC FK 20 1 TBD Call TI Call Tl
7600501EA ACTIVE CDIP J 16 1 TBD Call Tl Call Tl
7600501EA ACTIVE CDIP J 16 1 TBD Call Tl Call Tl
7600501FA ACTIVE CFP W 16 1 TBD Call Tl Call Tl
7600501FA ACTIVE CFP w 16 1 TBD Call TI Call Tl
76041012A ACTIVE LCCC FK 20 1 TBD Call Tl Call Tl
76041012A ACTIVE LCCC FK 20 1 TBD Call Tl Call Tl
7604101EA ACTIVE CDIP J 16 1 TBD Call Tl Call Tl
7604101EA ACTIVE CDIP J 16 1 TBD Call TI Call Tl
7604101FA ACTIVE CFP w 16 1 TBD Call Tl Call Tl
7604101FA ACTIVE CFP w 16 1 TBD Call Tl Call Tl
JM38510/07701BEA ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
JM38510/07701BEA ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
JM38510/07701BFA ACTIVE CFP w 16 1 TBD A42 N / A for Pkg Type
JM38510/07701BFA ACTIVE CFP w 16 1 TBD A42 N / A for Pkg Type
JM38510/30701B2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
JM38510/30701B2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
JM38510/30701BEA ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
JM38510/30701BEA ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
JM38510/30701BFA ACTIVE CFP W 16 1 TBD A42 N / A for Pkg Type
JM38510/30701BFA ACTIVE CFP w 16 1 TBD A42 N / A for Pkg Type
JM38510/30701SEA ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
JM38510/30701SEA ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
JM38510/30701SFA ACTIVE CFP W 16 1 TBD A42 N / A for Pkg Type
JM38510/30701SFA ACTIVE CFP W 16 1 TBD A42 N / A for Pkg Type
M38510/07701BEA ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
M38510/07701BEA ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
M38510/07701BFA ACTIVE CFP W 16 1 TBD A42 N / A for Pkg Type
M38510/07701BFA ACTIVE CFP W 16 1 TBD A42 N / A for Pkg Type
M38510/30701B2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
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13 TEXAS
INSTRUMENTS

PACKAGE OPTION ADDENDUM

www.ti.com 28-Aug-2012
Orderable Device status (¥ Package Type Package Pins  Package Qty Eco Plan @ Lead/ MSL Peak Temp @ Samples
Drawing Ball Finish (Requires Login)
M38510/30701B2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
M38510/30701BEA ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
M38510/30701BEA ACTIVE CDIP J 16 1 TBD A42 N/ A for Pkg Type
M38510/30701BFA ACTIVE CFP W 16 1 TBD A42 N/ A for Pkg Type
M38510/30701BFA ACTIVE CFP W 16 1 TBD A42 N/ A for Pkg Type
M38510/30701SEA ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
M38510/30701SEA ACTIVE CDIP J 16 1 TBD A42 N/ A for Pkg Type
M38510/30701SFA ACTIVE CFP W 16 1 TBD A42 N/ A for Pkg Type
M38510/30701SFA ACTIVE CFP W 16 1 TBD A42 N/ A for Pkg Type
SN54L.5138J ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
SN54L.5138J ACTIVE CDIP J 16 1 TBD A42 N/ A for Pkg Type
SN54S138J ACTIVE CDIP J 16 1 TBD A42 N/ A for Pkg Type
SN54S138J ACTIVE CDIP J 16 1 TBD A42 N/ A for Pkg Type
SN74LS138D ACTIVE SOIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138D ACTIVE SOIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138DE4 ACTIVE SOIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138DE4 ACTIVE SOoIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138DG4 ACTIVE SOIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138DG4 ACTIVE SOIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138DR ACTIVE SOIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138DR ACTIVE SOIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138DRE4 ACTIVE SOIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138DRE4 ACTIVE SOIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
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Orderable Device status (¥ Package Type Package Pins  Package Qty Eco Plan @ Lead/ MSL Peak Temp @ Samples
Drawing Ball Finish (Requires Login)
SN74LS138DRG4 ACTIVE SoIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138DRG4 ACTIVE SOIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138N ACTIVE PDIP N 16 25 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type
SN74LS138N ACTIVE PDIP N 16 25 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type
SN74LS138N3 OBSOLETE PDIP N 16 TBD Call T Call TI
SN74LS138N3 OBSOLETE PDIP N 16 TBD Call Tl Call Tl
SN74LS138NE4 ACTIVE PDIP N 16 25 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type
SN74LS138NE4 ACTIVE PDIP N 16 25 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type
SN74LS138NSR ACTIVE SO NS 16 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138NSR ACTIVE SO NS 16 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138NSRE4 ACTIVE SO NS 16 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138NSRE4 ACTIVE SO NS 16 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138NSRG4 ACTIVE SO NS 16 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74LS138NSRG4 ACTIVE SO NS 16 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74S138AD ACTIVE SOIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74S138ADE4 ACTIVE SOIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74S138ADG4 ACTIVE SOIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
SN74S138AN ACTIVE PDIP N 16 25 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type
SN74S138AN3 OBSOLETE PDIP N 16 TBD Call Tl Call Tl
SN74S138ANE4 ACTIVE PDIP N 16 25 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type
SNJ54LS138FK ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
SNJ54LS138FK ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
SNJ54L.5138J ACTIVE CDIP J 16 1 TBD A42 N/ A for Pkg Type
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Orderable Device Status @ Package Type Package Pins  Package Qty Eco Plan @ Lead/ MSL Peak Temp @ Samples
Drawing Ball Finish (Requires Login)

SNJ54L.S138J ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
SNJ54LS138W ACTIVE CFP W 16 1 TBD A42 N/ A for Pkg Type
SNJ54LS138W ACTIVE CFP w 16 1 TBD A42 N / A for Pkg Type
SNJ54S138FK ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
SNJ54S138FK ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type

SNJ54S138) ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type

SNJ54S138J ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type

SNJ54S138W ACTIVE CFP w 16 1 TBD A42 N / A for Pkg Type

SNJ54S138W ACTIVE CFP W 16 1 TBD A42 N / A for Pkg Type

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms “Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF SN54LS138, SN54LS138-SP, SN74LS138 :
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o Catalog: SN74LS138, SN54L.S138
o Military: SN54L.S138

o Space: SN54L.5138-SP

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
o Military - QML certified for Military and Defense Applications

e Space - Radiation tolerant, ceramic packaging and qualified for use in Space-based application
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
* —» =K e— P1—
% { I
iy’
& & & || 8o
x | l
A T {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
SN74LS138DR SoIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1
SN74LS138NSR SO NS 16 2000 330.0 16.4 8.2 10.5 25 12.0 | 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
SN74LS138DR SoIC D 16 2500 333.2 345.9 28.6
SN74LS138NSR SO NS 16 2000 367.0 367.0 38.0
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J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS *x

ol 14 16 18 20
B 0.300 0.300 0.300 0.300
762) | (762 | (7.62) | (7.62)

14 8 BSC BSC BSC BSC
alaiaialaialia B MAX 0.785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)

D C B MIN — | — | — | —
l C A 0.300 | 0.300 | 0.310 | 0.300
VIVAVAVIVEVEY (7,62) | (7,62) | (7.87) | (7,62)
1J L 7 0.245 | 0.245 | 0220 | 0.245

0.065 (1,65) C MN : : : :
0015 (174 (6,22) | (6,22) | (559) | (6,22)

0.060 (1,52
—» |e— 0.005 (0,13) MIN Wﬁ% |<— —»‘

— 0.200 (5,08) MAX
— —Y ¢ Seating Plane

* 0.130 (3,30) MIN

J L7 026 (0,66)
0.014 (o 36) 015"
[0.100 (2,54)] 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.
D

E

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL DATA

W (R—GDFP-F16) CERAMIC DUAL FLATPACK
Base and Seating Plane
0.285 (7,24)
0.045 ( 4) 0.245 (6,22)
f 0.026 (
2
= = 1
0.006 (
[ 0.080 (2,03) 0.004 (0,10)
0.055 (1,40)
——— 0.305 (7,75) MAX ——>»
1 6 0.019 (0,48)
0.015 (0,38)
| | ~ | li
K
l l l ]
l l l
0.050 (1,27)
0.430 (10,92) l ' l '
0.370 (9,40) l | l ]
l l l ]
l { l 0.005 (0,13) MIN
4 Places
l l l l l
8 9
0.360 (9,14) 0.360 (9,14)
‘ 0.250 (6,35) ’ ‘ 0.250 (6,35) ’
4040180-3/D 07/03

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification only.
E. Falls within MIL STD 1835 GDFP1-F16 and JEDEC MO-092AC
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MECHANICAL DATA

FK (S*CQCC*N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
- 8 17 16 15 14 13 12 NO. OF A 5
TERMINALS
/e ™ o MIN MAX MIN MAX
19 11
20 0.342 | 0.358 | 0.307 | 0.358
20 10 (8,69) | (9,09) | (7,80) | (9,09)
o1 9 )8 0.4472 | 0.458 | 0.406 | 0.458
— (11,23) |(11,63) | (10,31) | (11,63)
22 8 an 0.640 | 0.660 | 0.495 | 0.560
A SQ . : (16,26) |(16,76) | (12,58) | (14,22)
59 0.740 | 0.761 | 0.495 | 0.560
24 6 (18,78 (19,32) | (12,58) |(14,22)
0.938 | 0.962 | 0.850 | 0.858
25 5
g 88 1193,83)|(24.43)| (21,6) | (21.,8)
84 1141 1.165 1.047 | 1.063
26 27 28 1 2 3 4 (28,99) [(29,59) | (26,6) | (27.0)
’ 0.080 (2,03)
0.064 (1,63)
£ 0020 (0,51) &

0.010 (0,25)

0045 (1,14)

0.035 (0,89)

A b

, , 0.045 (1,14)
0.022 (0.54) 4 # L*f 0.035 (0,89)

4040140/D 01/11

A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. Falls within JEDEC MS-004
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AWK | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 1892y | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114 O
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

\ 5 0.015 (0,38)
T 0.200 (5,08) MAX

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? Gauge Plane

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.
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MECHANICAL DATA

D (R—PDSO—-G16) PLASTIC SMALL QUTLINE

0.394 (10,00)

0.386 (9,80)
PN
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
\ 0.150 (3,80) AN

L LR ,

Pin 1

Index Area 0.050 (1,27) OOZO (©, 51;
\@\o.o (0,25 @]
/ \
[ \ \
\
v 0 % J\ /k
— 0.069 (1,75) Max 0. 004
0.010 (0,25) // .
0.005 (0,15)1 , \
A
\ t \ //\ | []0.004 (0,10)
Gauge Plane - == !
%D . x Seating Plane
0.010 (0,25) 0-8" N L7
~4
0.050 (1,27)
0.016 (0,40)
4040047-6/M 06 /11
NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
@ Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS—012 variation AC.
w3 TExas
INSTRUMENTS

www.ti.com



LAND PATTERN DATA

D (R—PDSO—G16)

PLASTIC SMALL OUTLINE

—

et s Sz
—— ~—16x0,55
——I |<—14x1,27 ‘ ——I |<—14x1,27
AEEEENNENEENENE 16x1.50 L[]
HEERERERRRN * Uuuuogt
5,40 5.40
N
/I_II_I‘\I_II_II_II_II_II_I l L H A &
\|_||_|/"|_||_||_||_||_||_| ooty
N
[_/
|
|
,’ Example
i Non Soldermask Defined Pad Example
! Pad Geometry
i /// (See Note C)
y—
|
1,55 \ Example
UL T g
——ll~—0,07 /
All Around /
\ /
N e
S 7
4211283-4/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads

Customers should

i3 TEXAS
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MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

i I s
1A RAAAT

0,15 NOM

|
r

Gage Plane

O
NERELE

A

0,15

;LU_U_U_U_U_U_U_/;J%W Seating Plone ¥ \_JJ |__)

— 2,00 MAX ©lo0.10

PINS
DIM

A MAX

A MIN

4040062,/C 03,03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com

www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

TI E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

Wwww.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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CD4514B, CD4515B Types

CMOS 4-Bit Latch/4-to-16 o e )
A - . o 50
. S vgs*12 -2 g
Line Decoders Features: : e s
. T
High-Voltage Types (20-Volt Rating) @ Strobed input latch SNTY gy IR oL ¥
. Inhibit contral 1 o] AR
2 '] —al = [ =l 3
CDASTSR Output “Low" on Select = 100% et fr uiesent curment a1 20V AR RS
pu : ®  Maximum input current of 1 uA at 18 V patas 221 B HZ si0
. S : over full package-temperature range; STROBE — | i 5s
@ CD4514B and -CD4S15B consist 100 nA 'at 18 V and 25°C e 3
of a 4-bit 'strobed latch and a 4-to-16dine u  Noise margin {over full package temper- H= 58
decoder. The latches hold the last input data ature range}: ' — 2 T

presented prior to the strobe transition from
1 to 0. Inhibit control allows all outputs to
be placed at 0(CD4514B) or 1(CD4515B)
regardiess of the state of the data or strobe
inputs.

The. decode truﬂ'! table indicates all .combi- characteristics. ARENT TR TR R TTA-T57C
nations of data.inputs and appropriate se- 8 Meets all requirements of JEDEC Tentative 1
Iectqd out:.:outs. o Standard No. 13B; 'Standard Specifications iy
These devices are similar to industry types for Description of ‘B* Seriss CMOS Devices” 5 O GATE- T0- SOURCE VOLTAGE [vgs1o18 v
MC14514 and MC14515.. N z renas; 3
The CD4514B and CD4515B types are supplied Applications: : & 3
in 16-lead hermetic dual-in-line ceramic ® Digital multiplexing ge
. . . N z
packgges (F3A suffix), 1§-Iead dual-in-line ® Address decoding 3 P g 8
plastic packages (E suffix), and 16-lead ® Hexadecimal/BCD decoding § = 3 ;
small-outline packages (M and M96 suffixes). B8 Program-counter decoding 5 o ﬁ 2 @
® Control decoder 3 A, Shs
L 1
| S &S
. K G =
MAXIMUM RATINGS, Absolute-Maximum Values: ORAIN-TO-SOURCE VOLTAGE (¥ps)—V ien anans g g
x
DC SUPPLY-VOLTAGE RANGE, {(Vpp) | : Fig. 1 — Typical output low (sink] o
Voltages referencedtoVgg Tarminal) ... ... ... . ittt -0.5V to +20V current characteristics.
INPUT VOLTAGE RANGE, ALLINPUTS .. ... iiiiiiiiiiiiiniaiieei i anains -0.5VieVpp +0.5V
DC INPUT CUF_IRENT. ANY ONEINPUT . ettt v st e e rrarrararennns +10mA AWBIENT TEMPERATURE (Tp1°28°C
POWER DISSIPATION PER PACKAGE {Pp): L b j
FOPTA = oS50C R0 +1000C 1o .\otntninerereeneeeeeeeae et tes e te ettt et iantiansienins 500mW £ i : ! fEa
ForTA=+100%C10+125%C........ovvinniiiiniii e, Derate Linearity at 1 2mW/9C to 200mW K : ! ’ * H
DEVICE DISSIPATION PER OUTPUT TRANSISTOR i GATE - 10 SOURCE VOLTAGE (vgsl=5 v 11 1]
FOR T = FULL PACKAGE-TEMPERATURE RANGE (All Package TYpes) ...................... 100mW § ;" : i P
OPERATING-TEMPERATURE RANGE (Ta) ... ... ... ... e, -559C to +125°C ; gz 1 i i
STORAGE TEMPERATURE RANGE (Tgig) - ... cvvreiir i eeineeieiceniie e -65°C 1o +150°G i it . / w0y
LEAD TEMPERATURE (DURING SOLDERING): x i sraisdiispebittnieoes
At distance 1/16 £ 1/32 inch {1.59 £ 0.79mm) from case for 105 MaXx .....c..cvreenueerrnenn. +285°C =
% 23 arng-}]
P
] 3

1VatVpp= 5V
2VatVpp=10V
25VatVpp=15V
8 5.V, 10-V, andd 15-V parametric ratings
8 Standardized, symmetrical output

RECOMMENDED OPERATING CONDITIONS at Tp = 25°C, Except as Noted.
For maximum reliability, nominal operating conditions should be seiected so that

operstion is always within the following ranges:

92CE - 24387
CD45148, CD45158
FUNCTIONAL DIAGRAM

0 -3
ORAIN-TO-SOURCE VOLTAGE (vps)—V

azcs zenivm
Fig. 2 — Minimum output low (sink)
current characteristics.

ORAIN-TO-SOURCE YOLTAGE {Vpgi—V

3-263

-5 ) -5 [
LIMITS T TewrEnaTure a2 T

CHARACTERISTIC VoD - UNITS CATE-T0-S0URCE VOLTAGE (Vaghs-8V .1
{v) Min. | Max. = lg
Supply-Voltage Range (For T4 = Full Package- 3 18 v Bass g
Temperature Range} §
5 | 150 | - T TR
Data Setup Time, tg 10 70 - ns 1 ! : =8
15 40 | - i i
5 250 — ; 5
Strobe Pulse Width, tw 10 100 - ns £
15 | 75 | — ) I °

9205 243z0RS

Fig. 3 — Typical output high (source)
- current characteristics.
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STATIC ELECTRICAL CHARACTERISTICS

CD4514B, CD45158B Types

DRAIN-TO-SOURCE VOLTAGE (Vgs) —V

[ e T
CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C) prtiha gAMLV AN AN 1415y B
CHARACTER.- it .
ISTIC 3% umITs| I L
Vo |Vin |VoD BRI :
{v) vV} |(vy| -55 | —40 | +85 | +126 | Min. | Typ. | Max. R Eae s et s g
Quiescent Device - 05 5 | s 5 150 [ 150 - | ooa | s EE o2
Current, - Jog0f10] 0 | 10 | 300 | 300 - | ooa | 10 N e §
DD Max. - Jois[ 5] 20 | 20 [600 [600] - | o0a] 20| ; il 5
- 020 20 { 100 | 100 [ 3000 [ 3000 - 0.08 | 100 : : 8 Hiitl
H missdiih] HHH] 5
Output Low 04 |05 6 |06a 061 | 042 | 0.36 {051 | 1 - et HHiHE s f £
{Sink) Current o5 loio[ 10 ] 16 |15 | 11 09 |13 | 26 | - 2285 Hiji i it ©
‘oL Min. 15 J015| 15 | 42 | 4 | 28 | 24 |34 | 68 | -
Output High 46 05| 5 [-064|-061|-042)-036]|-051] -1 mA Fig. 4 — Minimurr;' output high (source)
{Source) 26 05| 51 -2 |18 |13 |-118]-18 ] -32 | - current characteristics.
CL:Z;:‘;h.n 95 |010] 10 ]-16-15 |11 | 09]33] 26 - —
. - AMBIENT TEMPERATURE { To ) s 28%C
135 |015| 15 [-42] -4 | -28 | -24 |34 | -68 | - g -
Output Voltage: - 05| 5 0.05 - 0 0.05 -f{‘
Low-Level, ~ Ja10[ 10 005 - 0o |o0o0s 3
VoL Max. £
— [015] 15 0.05 - o_Joos| | B
Output Voltage: - 05| s 4395 495 | 5 - §
High-Level, - oa0] 10 9.95 995 to | - Ea
VOH Min. — loeas] 18 14.05 1495 | 15 Z "%
- -
Input Low 0545 - | s 15 — 1 - 1.5- §
V‘\’J""?M 1,9 - 110 3 - 1= 3 E
X. -
1L 15135] - | 15 ) — 1 = ] _
Input High 05 45| - 5 35 35 — — v LOAD CAPACITANCEICLI=PE - 2eiamas
Voos, 19 | - 110 ! L= 1= Fig. 5 — Typical strobe or da jon deh
Vid Min. ig. 5 — Typical strobe or data propagation delay
H 1.5,13.5 - 15 " n — — time vs. load capacitance.
'"ﬁ‘: ﬁ:;’em ~ fogs| 8|01 )01 | 21 | o1 | - [£1075] 01| uA
AMBIENT TEMPERATURE { T
i
&
g3
§§
.
=
T
L= A
3
¥
LOAD CAPACITANCE {C ) —pF
9203 -24Be9R
Fig. 6 — Typical inhibit propagation delay time
vs. load capacitance. .
AMBIENT TEMPEAATURE (Ta)e2s°c : AMBIENT TEMPERATURE { T4 1+ 25°C . .
; g £ 700} LOAD CAPACITANGE {C\ I SOpF 165 [AMBIENT TEMPERATURE (141 23°C T qu =
i i T K== s
H i z i T T 3
i’ 4.; ﬂ ;l o *qc‘b A < ég
2 3 A 2 Z L 1]
é gg ‘;‘P w il =
z - 2 Ay G
i g’_;‘ P i | ]
g 8 g L2
- i G H 5 . 0% Lai
- 2331 B30 13233 3B =3 = E =
E soliid Ih ; T “: HiH § § - ——C =500l -
- ] il l” 1iHh 'I 2 0 L =y ¢ 15 pF
| H ] a ;
- R TR R i |
LOAD CAPACITANCE [y )~pF aacs 522 ‘ suppLY vo Tace (vm,lliv * | o 2 o? B

Fig. 7 — Typical low-to-high transition time vs.
load capacitancs.

9Ly - 2ed82M1

Fig. 8 — Typical strobe or data propagation delay
time vs. supply voitage.

3-264

[}
FREQUENCY {1) — kHz
B2CE- 24583

Fig. 9 — Typical power dissipation vs. frequency.



CD4514B, CD4515B Types

DYNAMIC ELECTRICAL CHARACTERISTICS at T4 = 26°C; Input 1,, tg = 20 s, "o
€L =50pF, R| =200KQ : voo I
. iNPUTS
TEST CONDITIONS LIMITS NITS o . Ves
UNI
CHARACTERISTIC VDD T B
v yp- ax.
Propagation Delay Time: tpiy. tpLH 5 485 | 970 &
Strobe or Data 10 185 370
15 135 270
Ves
5 250 500 B TTAMRI
Inhibit 10 | 110 | 220 ns
15 85 176G Fig. 10 — Quijescent device current test circuit.

5 100 200
Transition Time, tT_ 1. tTHL 10 50 ‘100
15 40 80

5 125 250
Minimum Strobe Pulse Width, ty 10 50 100 ns

Yoo
15 40 75 ' 4 .
INPUTS :&II‘PUTS
5 75 150 Yin i .
Minimum Data Setup Time, 1g 10 35 70 ns Mo - RS
15 20 40 v:’L -l . <
bl =
Input Capacitance, CjN Any Input — 5 7.5 pF i NOTE:
vgs TEST ANY COMBINATION
OF INPUTS
W25 -2T44 IR
’ TR Ffg. 11 — input voltage test circuit.

- <

NPUES . . ‘
-] NoTE: - o :

'\o@_. -] MEASURE INPUTS ’ : ) ’ inen

o SEQUENTIALLY, L r‘:_lD’_D_D"———O“ s0
ves - TO BOTH Wpp AND Vgs- : :

-]

CONNECT ALL UNUSED ’ y R a aB2b
INPUTS TO EITHER - - :

1 Vb OR Vgg- i . o "WO sz
Vss - : - L A0h
— D—D—Dp—o. sy

T S8

$ S|

barta1 2

92C5-27402

i
:

Fig. 12 — Input current test circuit.

E]
a

l

|
i
1
A @il
E

DATA 2 3

r )

6_{>°_
- |
oata 3 210 >0
-"jﬂ a8t 1 59
L
P [ | ialo
4 :j )_[ /| H>—-—|>o—ozo sie
CATA & EZ* H
O—DO— s o2 L - ™o A'tn{)lssu
1>
a3
STROBE ¢ < - R i L | ABCD . 50
. - D E D aBco Ots s1a
INHIENT zso—-f>—
- ascD
1 3 518
S
THESE INVERTERS Voo
USED ONLY ON
CDasve

vss
® ALL INPUTS PROTECTED BY
:':OTEC‘!DN NETWORK
AICL 2VrrOMY

Fig. 13 — Logic diagram for CD45148 and CD45158,
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DECODE TRUTH TABLE (Strobe = 1)

CD4514B, CD45158 Types

STROBE S0%

- 'Vt B )
- © 92C8-24300R2

Fig. 14 — Waveforms for setup time and
strobe pulse width.

DECODER } gp) rcyvED OUTPUT
N INPUTS

INHIBIT CD4514B = Logic 1 (High}

D 1C |8 |A lcD4s5158 = Logic 0 (Low)
o |ojolole s0
¢ |o|lo|o]: s1
o |olo]|1]o s2
o Jolo|1] s3
o Jo|l1]o]o 4
o |o]vlo]n s5
o |ofl1lalo 56
o |of1]1] s7
0 1{olo]o s8
0 1{o]o]n 59
0 1lo]l1lo s10
0 1o 51%
0 111070 512
o [1]1]o]1 $13
0 1f1f1]0 514
0 IRRERE 15

All Outputs = 0, CD4514B

VXXX | |a Outputs = 1, CDas1sB

X = Don’t Care Logic 1 = high Logic 0 = low

e
|olo uﬂ

7IO alo 9|O

71-79

L@J_L” ﬂLﬂﬂuﬂw il |
s P
oo .ot P

TZ.760-% 9701 o secsmEest

Dimensions and Pad Layout for CD45158 Chip
(Dimensions and pad 13yout for the CDA45148 are identical)

Di ions in parenth are in millimeters and are
derived from the basic inch dimensions at indicated.

Grid graduations are in mils (103 inch).

3-266

STROBE —{1a 24— vop
DATA | —2 23— INMBIT
oaTa 2 —3 22— DATa &

57 4 2uf— para'3

56 —{5 20— s

5% —6 19— sy

S8 e 7 18— 3§

53 —8 (Tp— 59

$t —9 16— si4

52 —10 15— SI%

50 —1l 14— 512
¥ss —_—2 33— 513

(2 ]
92CS - 24554

CD4514B
CD4515B

TERMINAL ASSIGNMENT
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PACKAGE OPTION ADDENDUM

INSTRUMENTS

www.ti.com

24-Jan-2013

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C)  Top-Side Markings Samples
&) Drawing @ @) @)
7703201JA ACTIVE CDIP J 24 1 TBD Call Tl Call Tl -55t0 125 7703201JA m
CD4515BF3A
CD4514BE ACTIVE PDIP N 24 15 Pb-Free CU NIPDAU N / A for Pkg Type -55t0 125 CD4514BE m
(RoHS)
CD4514BEE4 ACTIVE PDIP N 24 15 Pb-Free CU NIPDAU N/ A for Pkg Type -55t0 125 CDA4514BE m
(RoHS)
CD4514BF ACTIVE CDIP J 24 1 TBD Call TI N / A for Pkg Type -55t0125 CD4514BF m
CD4514BF3A ACTIVE CDIP J 24 1 TBD Call Tl N/ A for Pkg Type -55t0125 CD4514BF3A m
CD4514BM ACTIVE SoIC DW 24 25 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -55t0125 CD4514BM m
& no Sh/Br)
CD4514BM96 ACTIVE SoIC DW 24 2000 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -55t0125 CD4514BM m
& no Sh/Br)
CD4514BM96E4 ACTIVE SoIC DW 24 2000 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -55t0 125 CD4514BM m
& no Sh/Br)
CD4514BM96G4 ACTIVE SoIC DW 24 2000 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -55t0125 CD4514BM m
& no Sh/Br)
CD4514BME4 ACTIVE SoIC DwW 24 25 Green (RoOHS  CU NIPDAU Level-1-260C-UNLIM -55t0 125 CD4514BM m
& no Sh/Br)
CD4514BMG4 ACTIVE SoIC DwW 24 25 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM -55t0 125 CD4514BM m
& no Sh/Br)
CD4514BNSR OBSOLETE SO NS 24 TBD Call Tl Call Tl -55t0 125
CD4514BPWR OBSOLETE  TSSOP PW 24 TBD Call Tl Call Tl -55t0 125
CD4515BE ACTIVE PDIP N 24 15 Pb-Free CU NIPDAU N / A for Pkg Type -55t0 125 CD4515BE m
(RoHS)
CD4515BEE4 ACTIVE PDIP N 24 15 Pb-Free CU NIPDAU N / A for Pkg Type -55t0 125 CD4515BE m
(RoHS)
CD4515BF3A ACTIVE CDIP J 24 1 TBD Call Tl N / A for Pkg Type -55t0 125 7703201JA m
CD4515BF3A
CD4515BM ACTIVE SoIC DW 24 25 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -55t0125 CD4515BM m
& no Sh/Br)
CD4515BM96 ACTIVE SoIC DW 24 2000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM -55t0 125 CD4515BM m
& no Sh/Br)

Addendum-Page 1



http://www.ti.com/product/CD4515B-MIL?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4514B?CMP=conv-poasamples#samplebuy
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http://www.ti.com/product/CD4514B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4514B?CMP=conv-poasamples#samplebuy
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http://www.ti.com/product/CD4515B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4515B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4515B-MIL?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4515B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4515B?CMP=conv-poasamples#samplebuy

13 TEXAS
INSTRUMENTS

PACKAGE OPTION ADDENDUM

www.ti.com 24-Jan-2013
Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
©) Drawing @ ® @
CD4515BM96E4 ACTIVE SoIC DwW 24 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55t0125 CD4515BM m
& no Sh/Br)
CD4515BM96G4 ACTIVE SoIC DwW 24 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55t0125 CD4515BM m
& no Sh/Br)
CD4515BME4 ACTIVE SOIC DW 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55t0 125 CD4515BM m
& no Sh/Br)
CD4515BMG4 ACTIVE SOIC DW 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55t0 125 CD4515BM m
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Only one of markings shown within the brackets will appear on the physical device.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF CD4514B, CD4514B-MIL, CD4515B, CD4515B-MIL :

Addendum-Page 2
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o Catalog: CD4514B, CD4515B

o Military: CD4514B-MIL, CD4515B-MIL

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Military - QML certified for Military and Defense Applications

Addendum-Page 3


http://focus.ti.com/docs/prod/folders/print/cd4514b.html
http://focus.ti.com/docs/prod/folders/print/cd4515b.html
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i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 26-Jan-2013
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
CD4514BM96 SoIC DW 24 2000 330.0 244 |10.75| 15.7 | 2.7 12.0 | 240 Q1
CD4514BM96G4 SoIC DW 24 2000 330.0 244 |10.75| 15.7 | 2.7 12.0 | 24.0 Q1
CD4515BM96 SOIC DwW 24 2000 330.0 24.4 10.75 | 15.7 2.7 12.0 | 240 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 26-Jan-2013
TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
CD4514BM96 SoIC DW 24 2000 367.0 367.0 45.0
CD4514BM96G4 SoIC DW 24 2000 367.0 367.0 45.0
CD4515BM96 SOIC DW 24 2000 367.0 367.0 45.0

Pack Materials-Page 2




MECHANICAL DATA

MCDIO04A — JANUARY 1995 — REVISED NOVEMBER 1997

J (R-GDIP-T*¥)
24 PINS SHOWN

CERAMIC DUAL-IN-LINE PACKAGE

24

| S s Y s Y s Y s Y s Y s Y s Y s Y s Y O s |

13

O

| AN NN B NN NN N N [ U [ U [ S | U | S | S—

1 12
0.065 (1 65) AJ L Lens Protrusion (Lens Optional)
0.045 (1.14) 0.010 (0.25) MAX
0.090 (2,29) 0.175 (4,45)
> 0.060 (1,53) 0.140 (3,56)
v
ﬁT Seating Plane —
0.018 (0,46) MIN
v
4" 0.100 (2.59) 4" L 0.022 (0,56) — 0.125 (3,18) MIN
: ! 0.014 (0,36) 0.012 (0,30)
0.008 (0,20)
PINS ** 24 28 32 40
DIM NARR WIDE NARR WIDE NARR WIDE NARR WIDE
" MAX |0.624(15,85) |0.624(15,85) | 0.624(15,85) |0.624(15,85) | 0.624(15,85) |0.624(15,85) | 0.624(15,85) |0.624(15,85)
MIN  |0.590(14,99) |0.590(14,99) | 0.590(14,99) |0.590(14,99) | 0.590(14,99) |0.590(14,99) | 0.590(14,99) |0.590(14,99)
- MAX |1.265(32,13) |1.265(32,13) | 1.465(37,21) |1.465(37,21) | 1.668(42,37) | 1.668(42,37) | 2.068(52,53) |2.068(52,53)
MIN 1.235(31,37) [1.235(31,37) | 1.435(36,45) |1.435(36,45) | 1.632(41,45) | 1.632(41,45) | 2.032(51,61) |2.032(51,61)
. MAX |0.541(13,74) |0.598(15,19) | 0.541(13,74) |0.598(15,19) | 0.541(13,74) |0.598(15,19) | 0.541(13,74) |0.598(15,19)
MIN  |0.514(13,06) |0.571(14,50) | 0.514(13,06) |0.571(14,50) | 0.514(13,06) |0.571(14,50) | 0.514(13,06) |0.571(14,50)
4040084/C 10/97
NOTES: All linear dimensions are in inches (millimeters).

moow>

This drawing is subject to change without notice.
Window (lens) added to this group of packages (24-, 28-, 32-, 40-pin).

This package can be hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification.
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MECHANICAL DATA

MPDI006B — SEPTEMBER 2001 — REVISED APRIL 2002

N (R—PDIP-T24) PLASTIC DUAL-IN-LINE

1.222 (31,04) MAX

24 13
L N P P P N P P e e e

T

) 0.360 (9,14) MAX
S s s s s s s s s s s

. J L 12
0.070 (1,78) MAX

0.200 (5,08) MAX ——

0.020 (0,51) MIN —— 0.425 (10,80) MAX l‘*

-y Seating Plane

0.125 (3,18) MIN

L_.Lo.loo 254 \4/
0-15'
0.021 (0,53) "
0.010 (0,25) NOM

0.015 (0,38) (2 0.010 (0,25)® |

4040051-3/D 09/01

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-010
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MECHANICAL DATA

MPDI008 — OCTOBER 1994

N (R-PDIP-T**) PLASTIC DUAL-IN-LINE PACKAGE
24 PIN SHOWN

A

24 13
O P P P

) 0.560 (14,22)

0.520 (13,21)

NS S R e e e g e e g s my = e

1 12
0.060 (1,52) TYP

0.200 (5,08) MAX

0.610 (15,49)
0.020 (0,51) MIN —I 0.590 (14 99)
l Seating Plane
- v
0.100 (2.54) 0.125 (3,18) MIN 0°—15°
0.021 (0,53) >
==/ 0.010 (0,25
0.015 (0,38) | $| ( ) @| 0.010 (0,25) NOM
PINS **
24 28 32 40 48 52
DIM
A MAX 1.270 1.450 1.650 2.090 2.450 2.650
(32,26) | (36,83) | (41,91) | (53,09) | (62,23) | (67,31)
A MIN 1.230 1.410 1.610 2.040 2.390 2.590
(31,24) | (35,81) | (40,89) | (51,82) | (60,71) | (65,79)
4040053/B 04/95

NOTES: A. Alllinear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
Falls within JEDEC MS-011

Falls within JEDEC MS-015 (32 pin only)
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MECHANICAL DATA

DW (R—PDS0O—-G24) PLASTIC SMALL QUTLINE

0.614 (15,60)
0.598 (15,20)

AAAAARRRARARR

0.299 (7,60)
0.291 (7,40)

JHHHEHOHHEH A

0.020 (0,51)
Pin 1 J [0.050 (1,27)] JLOM

Index Area ‘%‘OOWO 025 ) @]

-

0.104 (2,65) Max 0.004 (0,10)
0.013 \
0.008 (0,20) 008 1 / \

\ \
: [ ]0.004 (0,10)
Gauge Plane —{ !

? Seating Plane

0.010 (0,25) of _

0.050 (1,27)
0.016 (0,40)

4040000-5/G 01/11

NOTES:  A. Al linear dimensions are in inches (millimeters). Dimensioning and tolerancing per ASME Y14.5M—1994.
B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

D

Falls within JEDEC MS—013 variation AD.
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MECHANICAL DATA

PW (R—PDS0—-G24) PLASTIC SMALL OUTLINE

0,15 NOM /
4,50 6,60

/
i / / \
430 6,20 / ! '
!
i f Gage Plane &
/
N [025 /

EEEEREEREEE

o_g" _ d
AN o
7& 0,50
i \ @ \
v AL . Seating Plone w__J"| nE
AN /
L 1,20 MAX 882 B[00 -

4040064-6/G 02/

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
B. This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0,15 each side.

Body width does not include interlead flash. Interlead flash shall not exceed 0,25 each side.
E. Falls within JEDEC MO-153
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MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

i I s
1A RAAAT

0,15 NOM

|
r

Gage Plane

O
NERELE

A

0,15

;LU_U_U_U_U_U_U_/;J%W Seating Plone ¥ \_JJ |__)

— 2,00 MAX ©lo0.10

PINS
DIM

A MAX

A MIN

4040062,/C 03,03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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CTS MP SERIES

ELECTRONIC COMPONENTS QQUARTZ CRYSTAL

FEATURES

e Standard HC-49/U Package, HC-49/U SMMC Package Option Available

Stable Frequency Over Temperature and Drive Level

Fundamental and 3" Overtone Crystals

Frequency Range 1.8432 — 64 MHz

Frequency Tolerance, £30 ppm Standard

Frequency Stability, 50 ppm Standard

Operating Temperature, —20°C to +70°C Standard, -40°C to +85°C Available
e Tape & Reel Packaging Available

e RoHS/Green Compliant (6/6)

APPLICATIONS
The MP crystal series offers excellent long-term stability and reliability in a proven resistance-weld metal package.
The excellent shock performance makes it suitable for microprocessor, telecommunication, industrial, consumer
electronics and networking applications.

ORDERING INFORMATION

v QOO - 000

FREQUENCY/LOAD CODE PRODUCT OPTIONS
Product Frequency/Load Code. INS - Mylar Insulation Spacer
[3 to 4 digits] SLV - Insulating Body Sleeve *
Refer to Standard Product Part Numbers SMMC - Surface Mount Lead Form w/ Metal Clip Third Lead *
table on Page 2. | SM - Surface Mount Lead Form w/ TW Third Lead [Obsolete]
TW - Hold Down Top Wire (welded) [Obsolete]

PACKAGING OPTIONS

Blank - Bulk ** TEMPERATURE RANGE OPTIONS

1 - Tape and Reel (SM/SMMC Product Option Only) Blank - Standard, -20°C to +70°C
2 - Radial Taping (Ammopak) E - Extended Temperature Range, -40°C to +85°C
** Standard packaging is bulk in a bag. * Consult factory for Option availability.

Non-Standard Ordering Options

= Custom requirements may be available upon request. Use form C052 to detail non-standard parameters.
(http://www.ctscorp.com/components/CTS_Crystal_Specifying_Form.xIs)

= Contact your local CTS Representative or CTS Customer Service for assistance.

DocuMENT NoOo. 008-0308-0 PAGE 1- 6 REV. H
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CTS

ELECTRONIC COMPONENTS

STANDARD PRODUCT PART NUMBERS
Part numbers in BOLD are common stock items through CTS authorized distributors. Non-bold part numbers may be stocked or are available for order.
Contact your CTS Distributor or local CTS Representative for availability.

MP SERIES
Low COST QUARTZ CRYSTAL

FREQUENCY NSI:AFI;-II;R NS?/IEII;R LOAD OPERATING FREQUENCY NSQRB-II;R NSI:/IFI;-II;R LOAD OPERATING
(MHz) -20/70°C e CAPACITANCE MODE (MHz) -20/70°C B CAPACITANCE MODE

1.843200 MPO18A MPO18A-E Series Fundamental 10.738635 MP107 MP107-E 32 pF Fundamental
1.843200 MP018B MPO018B-E 18 pF Fundamental 11.000000 MP110B MP110B-E Series Fundamental
1.843200 MP018S MPOQ18S-E 13 pF Fundamental 11.000000 MP110A MP110A-E 20 pF Fundamental
2.000000 MP020A MPO20A-E Series Fundamental 11.000000 MP110 MP110-E 18 pF Fundamental
2.000000 MPO020S MP020S-E 20 pF Fundamental 11.059200 MP111 MP111-E Series Fundamental
2.000000 MP020B MPO20B-E 18 pF Fundamental 11.059200 MP111A MP111A-E 20 pF Fundamental
2.457600 MP024S MP024S-E 32 pF Fundamental 11.059200 MP111B MP111B-E 18 pF Fundamental
3.579545 MP036 MP036-E Series Fundamental 11.059200 MP111C MP111C-E 32 pF Fundamental
3.579545 MPO0O36S MP036S-E 18 pF Fundamental 12.000000 MP120 MP120-E Series Fundamental
3.686400 MPO37A MPO37A-E Series Fundamental 12.000000 MP120A MP120A-E 20 pF Fundamental
3.686400 MPO37 MP037-E 20 pF Fundamental 12.000000 MP120B MP120B-E 18 pF Fundamental
3.686400 MP0O37B MPO37B-E 18 pF Fundamental 12.000000 MP120C MP120C-E 32 pF Fundamental
4.000000 MPO4A MPO4A-E Series Fundamental 12.288000 MP122C MP122C-E Series Fundamental
4.000000 MP040 MP040-E 20 pF Fundamental 12.288000 MP122A MP122A-E 20 pF Fundamental
4.000000 MP040B MPO040B-E 18 pF Fundamental 12.288000 MP122B MP122B-E 18 pF Fundamental
4.032000 MPO043A MPO43A-E Series Fundamental 12.288000 MP122 MP122-E 32 pF Fundamental
4.032000 MP043 MP043-E 20 pF Fundamental 14.318180 MP143 MP143-E Series Fundamental
4.096000 MP0O42A MPO42A-E 20 pF Fundamental 14.318180 MP143B MP143B-E 18 pF Fundamental
4.194304 MP041 MP041-E 12 pF Fundamental 14.745600 MP147 MP147-E Series Fundamental
4.915200 MPO49A MPO49A-E Series Fundamental 14.745600 MP147A MP147A-E 20 pF Fundamental
4.915200 MP042 MP042-E 20 pF Fundamental 14.745600 MP147B MP147B-E 18 pF Fundamental
4.915200 MP049B MPO049B-E 18 pF Fundamental 15.000000 MP150 MP150-E Series Fundamental
5.000000 MPO5B MPO5B-E Series Fundamental 16.000000 MP160 MP160-E Series Fundamental
5.000000 MPO5A MPO5A-E 20 pF Fundamental 16.000000 MP160A MP160A-E 20 pF Fundamental
5.000000 MPO50C MPO50C-E 18 pF Fundamental 16.000000 MP160B MP160B-E 18 pF Fundamental
5.068000 MPO50 MPO50-E Series Fundamental 18.000000 MP180 MP180-E Series Fundamental
5.068000 MPO51A MPO51A-E 20 pF Fundamental 18.432000 MP184 MP184-E Series Fundamental
5.185000 MP052 MP052-E Series Fundamental 18.432000 MP184A MP184A-E 20 pF Fundamental
5.185000 MPO0O51 MPO51-E 20 pF Fundamental 18.432000 MP184B MP184B-E 18 pF Fundamental
5.185000 MP052C MP052C-E 32 pF Fundamental 19.660800 MP196 MP196-E Series Fundamental
5.714300 MP0O57 MPQO57-E Series Fundamental 19.660800 MP196A MP196A-E 20 pF Fundamental
5.714300 MPO57A MPO57A-E 20 pF Fundamental 19.660800 MP196B MP196B-E 18 pF Fundamental
6.000000 MPOG60A MPOG60A-E Series Fundamental 20.000000 MP200 MP200-E Series Fundamental
6.000000 MPO60 MP0O60-E 20 pF Fundamental 20.000000 MP200A MP200A-E 20 pF Fundamental
6.000000 MPO60B MPO60B-E 18 pF Fundamental 20.000000 MP200B MP200B-E 18 pF Fundamental
6.000000 MP060C MPO60C-E 32 pF Fundamental 22.118400 MP221 MP221-E 20 pF Fundamental
6.144000 MP0O61 MPO061-E 20 pF Fundamental 22.118400 MP221B MP221B-E 18 pF Fundamental
6.144000 MP061C MP061C-E 32 pF Fundamental 24.000000 MP240 MP240-E Series Fundamental
6.250000 MP062 MP062-E 30 pF Fundamental 24.000000 MP240A MP240A-E 20 pF Fundamental
6.400000 MP064 MP064-E 20 pF Fundamental 24.000000 MP240B MP240B-E 18 pF Fundamental
6.553600 MP065 MP065-E 20 pF Fundamental 24.576000 MP245 MP245-E Series Fundamental
6.553600 MP065C MPO65C-E 12 pF Fundamental 24.576000 MP245B MP245B-E 18 pF Fundamental
7.372800 MPO73 MPO73-E Series Fundamental 25.000000 MP250 MP250-E Series Fundamental
7.372800 MPO73A MPO73A-E 20 pF Fundamental 25.000000 MP250A MP250A-E 20 pF Fundamental
7.372800 MPO73B MPQO73B-E 18 pF Fundamental 25.000000 MP250B MP250B-E 18 pF Fundamental
8.000000 MP0O80 MPO080-E Series Fundamental 27.000000 MP270 MP270-E Series 3rd Overtone
8.000000 MPO80A MPO80A-E 20 pF Fundamental 27.000000 MP270B MP270B-E 18 pF 3rd Overtone
8.000000 MP0O80B MPO80B-E 18 pF Fundamental 32.000000 MP320A MP320A-E 20 pF 3rd Overtone
8.000000 MP080C MP0O80C-E 32 pF Fundamental 32.000000 MP320B MP320B-E 18 pF 3rd Overtone
8.192000 MP081B MPO81B-E 18 pF Fundamental 32.768000 MP327B MP327B-E 18 pF 3rd Overtone
9.216000 MP092B MP092B-E 18 pF Fundamental 36.000000 MP360 MP360-E Series 3rd Overtone
9.830400 MPO98A MPO98A-E Series Fundamental 40.000000 MP400 MP400-E 20 pF 3rd Overtone
9.830400 MP098 MP098-E 20 pF Fundamental 48.000000 MP480 MP480-E Series 3rd Overtone
9.830400 MP098B MP0O98B-E 18 pF Fundamental 48.000000 MP480A MP480A-E 20 pF 3rd Overtone
10.000000 MP100 MP100-E Series Fundamental 48.000000 MP480B MP480B-E 18 pF 3rd Overtone
10.000000 MP100A MP100A-E 20 pF Fundamental 50.000000 MP500B MP500B-E 18 pF 3rd Overtone
10.000000 MP100B MP100B-E 18 pF Fundamental 64.000000 MP640B MP640B-E 18 pF 3rd Overtone
10.000000 MP101 MP101-E 30 pF Fundamental
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CTS

ELECTRONIC COMPONENTS

ELECTRICAL CHARACTERISTICS

MP SERIES

Low CosT QQUARTZ CRYSTAL

PARAMETER

VALUE

Freqguency Range

1.8432 MHz to 64.0 MHz

Operating Mode

Fundamental or 3rd Overtone

Crystal Cut

AT-Cut

Frequency Tolerance @ +25°C

+ 30 ppm Standard *

Frequency Stability Tolerance

(Operating Temperature Range, Referenced to 25°C Reading)

+ 50 ppm Standard *

Operating Temperature Range

-20°C to +70°C *
-40°C to +85°C Available, See Ordering Information

Equivalent Series Resistance

See ESR Table

Load Capacitance or Resonance Mode

See Standard Part Numbers tables *

Shunt Capacitance (Cp)

7.0 pF Maximum

Drive Level

100 pW Typical, 1,000 yW Maximum

ELECTRICAL PARAMETERS

Aging @ +25°C

+3 ppm/yr Typical, =5 ppm/yr Maximum

Storage Temperature Range

-40°C to +85°C

Reflow Condition, per JEDEC J-STD-020

+250°C Maximum, 10 Seconds Maximum

* Custom requirements may be available upon request. Use form C052 to detail non-standard parameters.

EQUIVALENT SERIES RESISTANCE TABLE

FREQUENCY RANGE |OSCILLATION MODE| ESR MAXIMUM
1.80 MHz - < 2.00 MHz Fundamental 600 Ohms
2.00 MHz - < 2.40 MHz Fundamental 500 Ohms
2.40 MHz - < 3.00 MHz Fundamental 300 Ohms
3.00 MHz - < 3.70 MHz Fundamental 200 Ohms
3.70 MHz - < 4.20 MHz Fundamental 100 Ohms
4,20 MHz - < 4.90 MHz Fundamental 70 Ohms
4,90 MHz - < 6.00 MHz Fundamental 50 Ohms
6.00 MHz - < 8.00 MHz Fundamental 40 Ohms
8.00 MHz - < 10.00 MHz Fundamental 35 Ohms
10.00 MHz - < 12.50 MHz Fundamental 30 Ohms
12.50 MHz - < 40.00 MHz Fundamental 25 Ohms
24.00 MHz - < 64.00 MHz 3rd Overtone 55 Ohms
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CTS e seoies
: Low CosT QQUARTZ CRYSTAL

ELECTRONIC COMPONENTS

MECHANICAL SPECIFICATIONS

MP PACKAGE DRAWING MARKING INFORMATION
1. MPXXXX - CTS Part Number.
0851025 03‘185% vp [Per Ordering Information Format]
042710010 ! 2. XXMXXXXXX — Frequency is marked with only
leading significant digits before the ‘M’ and 4 — 6
r digits after the ‘M’ (including zeros).
Ex.  XMXXXXXX — 3M579545
g >>§ < XXMXXXXX — 14M31818
wz 2 METAL CAN XXMXXXX — 20M0000
; X X \ ot 2. ** - Manufacturing Site Code.
< o X \ om0 X 3. YYWW - Date Code, YY — year, WW — week.
=< § 4. Complete CTS part number, frequency value and
é = date code information must appear on bag and
box labels.
NOTES
1. Lead finish (el), SnAgCu.
1270 yyy
0.43 +0.05 e 0.500
0.017 +0.002
| 4883025 | 45040.20
0.192 +0.010 0.177 £0.008

KEY: %C""‘i
MP PACKAGE W/ WELDED TOP WIRE (TW) OPTION
380
P
WELDED 0150
TOP WIRE
( ) / METAL CAN
MARKING /
THIS SIDE\
12.70 45.08/-0.00
0500 +0.200/-0.000
046 £0.05
0018 0,002
MM
450£0.20 KEY: NeH

0.177 £0.008
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CTS.

ELECTRONIC COMPONENTS

MECHANICAL SPECIFICATIONS

MP-SMMC OPTION W/ METAL CLIP THIRD LEAD

SUGGESTED SOLDER PAD GEOMETRY

SUGGESTED SOLDER PAD GEOMETRY

MP SERIES
Low COST QUARTZ CRYSTAL

= BLIS7 [4,00] =

0.080 [1.27)

r 0.100 [2.54] »]

=
+ 0,050 [1.27]
)

0.192 [4.88]

4

=— 0.100 [2.54] —

0,096 [2.44]

0640 [16.25]

0.096 [2.44]

Ly

0.620 [15.75]

0.138 (3.50)

3,00£0,20 - 080010
0,118 20,008 0,032 20,004 1,20 £0.20
i 0.047 +0.008 :
I } 0.192 [4.88]
OXxX=
— X 3 1
0 X
I X
>>§ § 1340
ﬁ < 0528 %
é <
E >
Znax 170020
0.106 £0.008 — LIVZNEV
* r H 1 0,067 0,008
T - 1
s 0,110 40,008
4,88 0,25 5.30
0,192 20,010 0,209 i
11,05
f-—— r MAX .MM
0435 KEY.W
MP-SM OPTION W/ WELDED TOP WIRE THIRD LEAD
244 15240.25
0.096 NOM 0.060 £0.010 1.40+0.38
i 0,055 10.015
r N r j
OXxX=
— X T
U; 3
$ x X
X X
< X X 1346 \1ax 17.150.38
< X 0530 0.6750.015
x
§ <
H | —
04340.05 I ] 1024025
0.017 £0.002 i 0.040 £0.010
4884025 | 45040.20
0.192 £0.010 ' 0.177 £0.008
10.85 £0.25
0.427 40,010
MM
KEY:memr
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CTS.

ELECTRONIC COMPONENTS

PACKAGING INFORMATION [Reference Only]

MP Radial Taping (Ammopak)

DIMENSIONS IN MILLIMETERS

24.00

32.50 Max {

18.50

~

.00

MP-SMMC Tape and Reel

DIMENSIONS IN MILLIMETERS

4.0 16.0

21.50

~—12.70 —= —=

1.75

1T

|

® @ O

|

@) o d o
j

L

2
32

=

11.1
11.7

DIRECTION

OF FEED

ENVIRONMENTAL SPECIFICATIONS

Temperature Cycle:

Mechanical Shock:

Sinusoidal Vibration:

Gross Leak:

Fine Leak:

Resistance to Solder He

at:

High Temperature Operating Bias:

Frequency Aging:

Insulation Resistance:

Moisture Sensitivity Level:

DocuMENT NO.

oos-0308-0

MP SERIES

Low CosT QQUARTZ CRYSTAL

—

0.90 Max

A LA

260

36 T—T 2.0

@330

400 cycles from -55°C to +125°C, 10 minute dwell at each temperature, 1 minute transfer time

between temperatures.

1,500g’s, 0.5mS duration, ¥ sinewave, 3 shocks each direction along 3 mutually perpendicular

planes (18 total shocks).

0.06 inches double amplitude, 10 to 55 Hz and 20g’s, 55 to 2,000 Hz, 3 cycles each in 3 mutually

perpendicular planes (9 times total).

No leak shall appear while immersed in an FC40 or equivalent liquid at +125°C for 20 seconds.

Mass spectrometer leak rates less than 2x10® ATM cc/sec air equivalent.

Product must survive 3 reflows of +250°C maximum, 10 seconds maximum.

2,000 hours at +125°C, disregarding frequency shift.

1,000 hours at +85°C, maximum =5 ppm shift.

500M Ohms @ 100Vpc +15Vpc.

Level 1 per JEDEC J-STD-020.
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- Notice for TAIYO YUDEN products
Please read this notice before using the TAIYO YUDEN products.

/NN REMINDERS

Product information in this catalog is as of October 2012. All of the contents specified herein are subject to change

without notice due to technical improvements, etc. Therefore, please check for the latest information carefully be-
fore practical application or usage of the Products.

Please note that Taiyo Yuden Co., Ltd. shall not be responsible for any defects in products or equipment incorpo-
rating such products, which are caused under the conditions other than those specified in this catalog or individual
specification.

Please contact Taiyo Yuden Co., Ltd. for further details of product specifications as the individual specification is
available.

Please conduct validation and verification of products in actual condition of mounting and operating environment
before commercial shipment of the equipment.

All electronic components or functional modules listed in this catalog are developed, designed and intended for
use in general electronics equipment.(for AV, office automation, household, office supply, information service,
telecommunications, (such as mobile phone or PC) etc.). Before incorporating the components or devices into any
equipment in the field such as transportation,( automotive control, train control, ship control), transportation signal,
disaster prevention, medical, public information network (telephone exchange, base station) etc. which may have
direct influence to harm or injure a human body, please contact Taiyo Yuden Co., Ltd. for more detail in advance.
Do not incorporate the products into any equipment in fields such as aerospace, aviation, nuclear control, subma-
rine system, military, etc. where higher safety and reliability are especially required.

In addition, even electronic components or functional modules that are used for the general electronic equipment,
if the equipment or the electric circuit require high safety or reliability function or performances, a sufficient reliabil-
ity evaluation check for safety shall be performed before commercial shipment and moreover, due consideration to
install a protective circuit is strongly recommended at customer's design stage.

The contents of this catalog are applicable to the products which are purchased from our sales offices or distribu-
tors (so called “TAIYO YUDEN' s official sales channel”).
It is only applicable to the products purchased from any of TAIYO YUDEN’ s official sales channel.

Please note that Taiyo Yuden Co., Ltd. shall have no responsibility for any controversies or disputes that may oc-
cur in connection with a third party's intellectual property rights and other related rights arising from your usage of
products in this catalog. Taiyo Yuden Co., Ltd. grants no license for such rights.

Caution for export

Certain items in this catalog may require specific procedures for export according to “Foreign Exchange and For-
eign Trade Control Law” of Japan, “U.S. Export Administration Regulations”, and other applicable regulations.
Should you have any question or inquiry on this matter, please contact our sales staff.
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SMD POWER INDUCTORS(NR SERIES/NR SERIES H TYPE/S TYPE/V TYPE) @ Q

WPARTS NUMBER

[N R A]l4 0 1

T all

(DSeries name

0
@

ojm][2]
® ®

Code Series name

NRA

NRH . . e
NRS Coating resin specification
NRV

(@Dimensions (L X W X H)

A =Blank space

@Packaging
Code Packaging
TA Taping

@Nominal inductance

G Nominal inductance[ ¢ H]
(example)
2R2 2.2
100 10
101 100

3 R=Decimal point

Code Dimensions (L X W X H) [mm]
2010 20x%x20x%x1.0
2012 20%x20x%x1.2
2410 24%x24%x10
2412 24%x24%x12
3010 30%x3.0x1.0
3012 3.0%x3.0x1.2
4010 40%x40x%x1.0
4012 40%x40%x1.2
4018 40%x40x%x1.8
5010 49%x49x%x1.0
5012 49%x49x%x1.2
5014 49%x49x%x14
5020 49%X49x20
5024 49%x49%x24
5030 49%x49x%x30
5040 49%x49%x40
6010 6.0x6.0x1.0
6012 6.0x6.0x1.2
6014 6.0%x6.0x14
6020 6.0%x6.0%x2.0
6028 6.0xX6.0x28
6045 6.0xX6.0x45
8030 8.0%x8.0x3.0
8040 8.0x8.0%x4.0

BInductance tolerance

Code Inductance tolerance
M +20%
N +30%

®Internal code

B STANDARD EXTERNAL DIMENSIONS / STANDARD QUANTITY

}-L—. H
! J . - L ________________L__ I e
Y
f R R I
A
. N A e
] Fﬁ g{ r Y
Type L W H R f Standard qu?ntlty
[pcs] Taping
2.0+0.1 2.0=+0.1 1.0 max 0.5+0.2 1.25+0.2
NRV2010 (0.079+0.004) (0.079+0.004) (0.039 max) (0.020%0.008) (0.050+0.008 2500
NRS2012 2.0=%0.1 2.0+0.1 1.2 max 0.5%+0.2 1.25+0.2 2500
NRV2012 (0.079+0.004) (0.079+0.004) (0.047 max) (0.020%0.008) (0.050%0.008)
24+01 24+0.1 1.0 max 0.6+0.2 1.45+0.2
NRH2410 (0.095+0.004) (0.095+0.004) (0.039 max) (0.024+0.008) (0.057£0.008) 2500
24+0.1 24+0.1 1.2 max 0.6+0.2 1.45=+0.2
NRH2412 (0.095+0.004) (0.095+0.004) (0.047 max) (0.024+0.008) (0.057£0.008) 2500
NR 3010 3.0%+0.1 3.0=%0.1 1.0 max 0.9+0.2 1.9+0.2 2000
NRH3010 (0.118=0.004) (0.118=+0.004) (0.039 max) (0.035+0.008) (0.075£0.008)

» This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.

For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty-top.com/) .
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32;201]22 3.0%+0.1 3.0+0.1 1.2 max 0.9+0.2 1.9+0.2 2000
NRV3012 (0.118£0.004) (0.1180.004) (0.047 max) (0.035+0.008) (0.075%0.008)
NR 3015 3.0%0.1 3.0*0.1 1.5 max 0.9+0.2 1.9+0.2 2000
NRS3015 (0.118£0.004) (0.118+0.004) (0.059 max) (0.035+0.008) (0.075+0.008)
NR 4010 40+0.2 40=+0.2 1.0 max 1.1+0.2 25+0.2 5000
NRS4010 (0.157£0.008) (0.157%0.008) (0.039 max) (0.043+0.008) (0.098+0.008)
NR 4012 40+0.2 40+0.2 1.2 max 1.1£0.2 25+0.2 4500
NRS4012 (0.157£0.008) (0.157%0.008) (0.047 max) (0.043+0.008) (0.098+0.008)
NR 4018 40+0.2 40+0.2 1.8 max 1.1£0.2 25+0.2 3500
NRS4018 (0.157£0.008) (0.157+0.008) (0.071 max) (0.043+0.008) (0.098+0.008)
8.0+0.2 8.0+0.2 3.0 max 1.60+0.3 56=+0.3
NRS8030 (0.315%0.008) (0.315%0.008) (0.118 max) (0.063+0.012) (0.22+0.012) 1000
*1) 4.2 max
NR 8040 8.0%0.2 8.0*0.2 (0.165 max) 1.60£0.3 56+0.3 1000
NRS8040 (0.315%0.008) (0.315+0.008) | *2) 4.0 max (0.063%0.012) (0.22%+0.012)
(0.157 max)
Unit: mm (inch)
*1) OR9~6RS8 type
*2) 100~101type
L H Al |
1 / F —
o P
'
W 4 + I
AN A 7
1 ] L
Type L W H R £ Al Standard qu?mtity
[pcs] Taping
NRS5010 49+0.2 49+0.2 1.0 max 1.2+0.2 3.3%+0.2 1.3typ 1000
(0.193£0.008) (0.193%0.008) (0.039 max) (0.047+0.008) (0.130%0.008) (0.051typ)
NRS5012 49+0.2 49+0.2 1.2 max 1.2+0.2 3.3+0.2 1.3typ 1000
(0.193+0.008) (0.193+0.008) (0.047 max) (0.047+0.008) (0.130%0.008) (0.051typ)
NRS5014 49+0.2 49+0.2 1.4 max 1.2+0.2 3.3+0.2 1.3typ 1000
(0.193+0.008) (0.193+0.008) (0.055 max) (0.047+0.008) (0.130%0.008) (0.051typ)
NRS5020 49+0.2 49+0.2 2.0 max 1.2+0.2 3.3+0.2 1.3typ 800
(0.193£0.008) (0.193+0.008) (0.079 max) (0.047=+0.008) (0.130%0.008) (0.051typ)
NRS5024 49+0.2 49+0.2 2.4 max 1.2+0.2 3.3%+0.2 1.3typ 2500
(0.193%0.008) (0.193%0.008) (0.094 max) (0.047=0.008) (0.130%0.008) (0.051typ)
NRS5030 49+0.2 49+0.2 3.0 max 1.2+0.2 3.3%+0.2 1.3typ 500
(0.193%0.008) (0.193%0.008) (0.118 max) (0.047=0.008) (0.130%0.008) (0.051typ)
*3) 4.1 max
NR 5040 49+0.2 49+0.2 (0.161 max) 1.2+0.2 3.3+0.2 1.3typ 1500
NRS5040 (0.193+0.008) (0.193+0.008) | *4) 4.0 max (0.047+0.008) (0.130%0.008) (0.051typ)
(0.157 max)
NRS6010 6.0+0.2 6.0+0.2 1.0 max 1.35+0.2 40+0.2 2.3typ 1000
(0.2360.008) (0.2360.008) (0.039 max) (0.053+0.008) (0.157+0.008) (0.091typ)
NR 6012 6.0+0.2 6.0+0.2 1.2 max 1.35+0.2 40+0.2 2.3typ 1000
NRS6012 (0.236=0.008) (0.2360.008) (0.047 max) (0.053+0.008) (0.157+0.008) (0.091typ)
NRS6014 6.0+0.2 6.0+0.2 1.4 max 1.35+0.2 40+0.2 2.3typ 1000
(0.2360.008) (0.2360.008) (0.055 max) (0.053+0.008) (0.157+0.008) (0.091typ)
NR 6020 6.0+0.2 6.0+0.2 2.0 max 1.35+0.2 40=+0.2 2.3typ 2500
NRS6020 (0.236£0.008) | (0.236:£0.008) | (0.079 max) | (0.053:£0.008) | (0.157-£0.008) (0.091typ)
NR 6028 6.0+0.2 6.0+0.2 2.8 max 1.35+0.2 40=+0.2 2.3typ 2000
NRS6028 (0.23620.008) (0.236+0.008) (0.110 max) (0.053+0.008) (0.157+0.008) (0.091typ)
NR 6045 6.0+0.2 6.0+0.2 4.5 max 1.35+0.2 40+0.2 2.3typ 1500
NRS6045 (0.23620.008) (0.236+0.008) (0.177 max) (0.053+0.008) (0.157%0.008) (0.091typ)

*3) 1R5~100 type
*4) 150~470 type

Unit:mm (inch)

» This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.

For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty-top.com/) .
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Recommended Land Patterns

NRV2010, NRS2012, NRV2012

NRH2410, NRH2412

NR 3010, NRH3010, NR 3012, NRH3012,

NRV3012, NR 3015, NRS3015

NR 4010, NRS4010, NR 4012, NRS4012,
NR 4018, NRS4018

Unit: mm

Unit: mm

=
®
=T
o

Unit: mm

28

1.

21

J_
®
<

Unit:mm

NRS5010, NRS5012, NRS5014, NRS5020,
NRS5024, NRS5030, NR 5040, NRS5040

NRS6010, NR 6012, NRS6012, NRS6014,
NR 6020, NRS6020, NR 6028, NRS6028,
NR 6045, NRS6045

NRS8030, NR 8040, NRS8040

36

4.0

|75 751

Unit: mm
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Unit: mm

P This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty-top.com/) .
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PARTS NUMBER

NRS2012 Shielded type

SYOLONANI YIMOd\SYOLONANI

Nominal inductance Sl DC Resistance .Rated curerl:) MImA Measuring
Parts number EHS [LuH] Inductance tolerance [ S:qtﬁnqv S [Q1(%20%) Saturatllgn1current Temperatulr: Zise current | frequency [kHz]
2] (min. c c.
NRS2012T 1RON GJ RoHS 1.0 +30% - 0.070 1,900 1,700 100
NRS2012T 1R5N GJ RoHS 1.5 +30% — 0.090 1,650 1,500 100
NRS2012T 2R2M GJ RoHS 2.2 +20% - 0.107 1,350 1,370 100
NRS2012T 3R3M GJ RoHS 3.3 +20% - 0.190 1,000 1,020 100
NRS2012T 4R7TM GJ RoHS 4.7 +20% - 0.241 900 910 100
NRV2010 type
Nominal inductance Rl ICEIE DC Resistance .Rated st 29 Lkl Measuring
Parts number EHS [uH] Inductance tolerance [G’;qt]ieznqy ) [Q1(+20%) Satura*clu;an1current Temperatulrde ;ise current | froquency [kHz]
2] (min. c c.
NRV2010T R47N GF RoHS 0.47 +30% — 0.052 2,100 2,000 100
NRV2010T R68N GF RoHS 0.68 +30% - 0.060 1,850 1,850 100
NRV2010T 1RON GF RoHS 1.0 +30% - 0.080 1,550 1,600 100
NRV2010T 1R5M GF RoHS 1.5 +20% — 0.100 1,350 1,450 100
NRV2010T 2R2M GF RoHS 2.2 +20% — 0.175 1,100 1,100 100
NRV2010T 3R3M GF RoHS 3.3 +20% — 0.250 880 1,000 100
NRV2010T 4R7M GF RoHS 4.7 +20% - 0.320 760 820 100
NRV2012 type
Nominal inductance RSl TCEEET DC Resistance .Rated it ) L] Measuring
Parts number EHS [iH] Inductance tolerance [J;qule(ncly ) [Q1(%20%) Saturatll;nlcurrent Temperatulrde ;ise current frequency[kHz]
2] (min. c c
NRV2012T 1RON GF RoHS 1.0 +30% — 0.073 2,200 1,650 100
NRV2012T 1R5N GF RoHS 1.5 +30% — 0.100 1,800 1,400 100
NRV2012T 2R2M GF RoHS 2.2 +20% - 0.129 1,600 1,200 100
NRV2012T 3R3M GF RoHS 3.3 +20% - 0.227 1,250 900 100
NRV2012T 4R7M GF RoHS 4.1 +20% — 0.325 1,100 750 100
NRH2410 Shielded type
Parts number EHS Ml Tl izivrsc Inductance tolerance S?:;:z:z:sﬂt DO Rosfsiztiet: Saturati rate cu:;rent TX) [TA] 3 t ozl
[/-1 H] [MHZ] (mln) [Q] (izo%) atura ll;:]curren emperat ulrdecgse curren frequency[kHZ]
NRH2410T R68NN 4 RoHS 0.68 +30% 120 0.060 2,200 1,570 100
NRH2410T 1RONN 4 RoHS 1.0 +30% 106 0.070 1,800 1,410 100
NRH2410T 1R5MN RoHS 1.5 +20% 94 0.110 1,550 1,160 100
NRH2410T 2R2MN RoHS 2.2 +20% 77 0.150 1,290 970 100
NRH2410T 3R3MN RoHS 3.3 +20% 56 0.220 1,000 710 100
NRH2410T 4R7MN RoHS 4.7 +20% 50 0.290 880 670 100
NRH2410T 6R8MN RoHS 6.8 +20% 43 0410 750 570 100
NRH2410T 100MN RoHS 10 +20% 32 0.690 550 450 100
NRH2410T 150MN RoHS 15 +20% 27 1.02 470 370 100
NRH2410T 220MN RoHS 22 +20% 22 1.47 390 300 100
NRH2412 Shielded type
Parts number EHS Ml Tl izt Inductance tolerance Si':;z:::sﬂt DO Rosfsiatiet: Saturati — "”::"e"t TX) [TA] 1 t ol
[/-1 H] [MHZ] (mln) [Q] (izo%) atura ;321curren emperat Lll"decgse curren frequency[kHZ]
NRH2412T R47NNGJ RoHS 0.47 +30% 180 0.050 2,900 2,100 100
NRH2412T 1RONNGH RoHS 1.0 +30% 101 0.077 2,350 1,300 100
NRH2412T 1R5NNGH RoHS 1.5 +30% 89 0.100 2,100 1,150 100
NRH2412T 2R2MNGH RoHS 22 +20% 72 0.140 1,700 1,000 100
NRH2412T 3R3MNGH RoHS 3.3 +20% 56 0.225 1,400 750 100
NRH2412T 4R7TMNGH RoHS 4.7 +20% 45 0.300 1,150 650 100
NRH2412T 6R8MNGH RoHS 6.8 +20% 34 0.420 950 550 100
NRH2412T 100MNGH RoHS 10 +20% 29 0.600 810 450 100
NRH3010 Shielded type
Parts number EHS Ml Trclsizrsrse Inductance tolerance S?‘:;Z:z:?/nt DO [Rosfsietiet: Saturati iate‘:::;re"t TX) [TA] i it W lomuls
[/-1 H] [MHZ] (mln) [Q] (120%) atura I;)CICU el emperat Lll"decgse curren frequency[kHZ]
NRH3010T 1R2NN RoHS 1.2 +30% 120 0.065 1,700 1,480 100
NRH3010T 1R5NN RoHS 1.5 +30% 99 0.075 1,440 1,370 100
NRH3010T 2R2MN RoHS 2.2 +20% 86 0.083 1,300 1,300 100
NRH3010T 3R3MN RoHS 3.3 +20% 64 0.130 1,000 1,030 100
NRH3010T 4R7MN RoHS 4.7 +20% 50 0.170 850 900 100
NRH3010T 6R8MN RoHS 6.8 +20% 44 0.250 700 745 100
NRH3010T 100MN RoHS 10 +20% 34 0.350 600 620 100
NRH3010T 150MN RoHS 15 +20% 25 0.550 450 480 100
NRH3010T 220MN RoHS 22 +20% 22 0.770 380 410 100

) The saturation current value (Idc1) is the DC current value having inductance decrease down to 30%. (at 20°C)
) The temperature rise current value (Idc2) is the DC current value having temperature increase up to 40°C. (at 20°C)
) The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value.

» This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty-top.com/) .
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PARTS NUMBER

NRH3012 Shielded type

SYOLONANI JIMOd\SIOLONANI

Nominal inductance Sl DC Resistance Ratedfoureni ) MITA Measuring
Parts number EHS [¢H] Inductance tolerance frequen(?y [Q](£20%) Saturation current | Temperature rise current frequency [kHz]
[MHz] (min.) Idc1 Idc2
NRH3012T R47NN RoHS 0.47 +30% 160 0.033 2,600 1,900 100
NRH3012T 1RONN RoHS 1.0 +30% 111 0.048 2,200 1,710 100
NRH3012T 1R5NN RoHS 1.5 +30% 95 0.055 1,700 1,600 100
NRH3012T 2R2MN RoHS 2.2 +20% 78 0.075 1,500 1,370 100
NRH3012T 3R3MN RoHS 3.3 +20% 61 0.100 1,200 1,210 100
NRH3012T 4R7MN RoHS 4.7 +20% 50 0.130 1,000 1,060 100
NRH3012T 6R8MN RoHS 6.8 +20% 43 0.190 850 890 100
NRH3012T 100MN RoHS 10 +20% 32 0.270 730 720 100
NRH3012T 150MN RoHS 15 +20% 26 0.450 530 570 100
NRH3012T 220MN RoHS 22 +20% 22 0.630 500 500 100
NRV3012 Shielded type
| Rated current ) [mA
Parts number EHS RS ancs Inductance tolerance Sef:'fec:z:zzf/nt 00 [Resitimes Saturation current TX) [t : i t iR
[ uH] [MHz] (min.) [R1(£20%) 1ol e “I':c;se current | frequency[kHz]
NRV3012T 1RON RoHS 1.0 +30% 110 0.065 2,500 1,600 100
NRV3012T 1R5N RoHS 1.5 +30% 92 0.075 2,100 1,400 100
NRV3012T 2R2M RoHS 2.2 +20% 70 0.120 1,800 1,100 100
NRV3012T 3R3M RoHS 3.3 +20% 55 0.150 1,600 1,000 100
NRV3012T 4R7M RoHS 4.7 +20% 48 0.190 1,250 850 100
NRV3012T 6R8M RoHS 6.8 +20% 40 0.300 950 650 100
NRV3012T 100M RoHS 10 +20% 32 0.470 800 550 100
NRS3015 Shielded type
Parts number EHS Nermfise Tl siee Inductance tolerance Si':;(:z::’;i”t DO Regisiiznea Saturati rates curtrent TX) [r:A] i t Wiezmragg
[ ¢H] iy [Q](+£20%) atura ;g:1curren empera uIr:cgse ourrent | frequency [kHz]
NRS3015T 1RONNGH RoHS 1.0 +30% 100 0.030 2,100 2,100 100
NRS3015T 1R5NNGH RoHS 1.5 +30% 87 0.038 1,800 1,820 100
NRS3015T 2R2MNGH RoHS 2.2 +20% 64 0.058 1,480 1,500 100
NRS3015T 3R3MNGH RoHS 3.3 +20% 49 0.078 1,210 1,230 100
NRS3015T 4R7MNGH RoHS 4.7 +20% 40 0.120 1,020 1,040 100
NRS3015T 6R8MNGH RoHS 6.8 +20% 36 0.160 870 880 100
NRS3015T 100MNGH RoHS 10 +20% 28 0.220 700 710 100
NRS3015T 220MNGH RoHS 22 +20% 20 0.520 470 470 100
NRS4010 Shielded type
Parts number EHS Wterafisel il siizree Inductance tolerance Sef‘:ec:z::r;?lnt DO Rosisiznes Saturati rates curtrent TX) [rtnA] i t e
[ ¢H] iy [Q](+£20%) ura ;3:1curren empera ulzecgse current | frequency [kHz]
NRS4010T 1RONDGG RoHS 1.0 +30% 116 0.056 2,000 1,900 100
NRS4010T 2R2MDGG RoHS 2.2 +20% 73 0.085 1,200 1,500 100
NRS4010T 3R3MDGG RoHS 3.3 +20% 58 0.100 1,100 1,400 100
NRS4010T 4R7MDGG RoHS 4.7 +20% 47 0.140 950 1,200 100
NRS4010T 6R8MDGG RoHS 6.8 +20% 38 0.200 800 1,000 100
NRS4010T 100MDGG RoHS 10 +20% 31 0.300 620 750 100
NRS4010T 150MDGG RoHS 15 +20% 24 0.430 540 600 100
NRS4010T 220MDGG RoHS 22 +20% 19 0.570 450 500 100
NRS4012 Shielded type
. Self-resonant . Rated current ) [mA] .
Parts number EHS Wt il iizree Inductance tolerance frequency DO Rosiisizies Saturation current T it i t i
[uH] [MHz] (min.) [R1(£20%) o empera UII:G;SE current | frequency [kHz]
NRS4012T 1RONDGG RoHS 1.0 +30% 100 0.042 2,800 2,200 100
NRS4012T 2R2MDGJ RoHS 2.2 +20% 70 0.060 1,650 1,900 100
NRS4012T 3R3MDGJ RoHS 3.3 +20% 60 0.070 1,400 1,700 100
NRS4012T 4R7MDGJ RoHS 4.7 +20% 45 0.095 1,200 1,500 100
NRS4012T 6R8MDGJ RoHS 6.8 +20% 35 0.125 900 1,300 100
NRS4012T 100MDGJ RoHS 10 +20% 30 0.170 800 1,100 100
NRS4012T 150MDGJ RoHS 15 +20% 24 0.260 650 750 100
NRS4012T 220MDGJ RoHS 22 +20% 18 0.400 500 620 100
NRS4018 Shielded type
L Sl . Rated current ) [mA] .
Parts number EHS Wt il iiaee Inductance tolerance frequency DO Rosiisiziies Saturation current T it i t Wi
[uH] [MHz] (min.) [R1(£20%) o1 CEel “I':c;'se eurrent | frequency [kHz]
NRS4018T 1RONDGJ RoHS 1.0 +30% 90 0.027 4,000 3,200 100
NRS4018T 2R2MDGJ RoHS 2.2 +20% 60 0.042 3,000 2,200 100
NRS4018T 3R3MDGJ RoHS 3.3 +20% 45 0.055 2,300 2,000 100
NRS4018T 4R7MDGJ RoHS 4.7 +20% 35 0.070 2,000 1,700 100
NRS4018T 6R8MDGJ RoHS 6.8 +20% 30 0.098 1,600 1,450 100
NRS4018T 100MDGJ RoHS 10 +20% 25 0.150 1,300 1,200 100
NRS4018T 150MDGJ RoHS 15 +20% 18 0.210 1,100 850 100
NRS4018T 220MDGJ RoHS 22 +20% 15 0.290 900 720 100
NRS4018T 330MDGJ RoHS 33 +20% 12 0.460 700 550 100
NRS4018T 101MDGJ RoHS 100 +20% 6.5 1.45 420 280 100

%) The saturation current value (Idc1) is the DC current value having inductance decrease down to 30%. (at 20°C)
) The temperature rise current value (Idc2) is the DC current value having temperature increase up to 40°C. (at 20°C)
) The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value.

» This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty-top.com/) .
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PARTS NUMBER
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NRS5010 type
o Sellmesera: i Rated current ) [mA] .
Parts number EHS Nominal inductance | 14 tance tolerance frequency DO Resistance Saturation current | Temperature rise current IECE:
#H] [MHz] (min) [Q1(+20%) Tl o frequency [kHz]
NRS5010T 1RONMGF RoHS 1.0 +30% 95 0.070 2,350 1,750 100
NRS5010T 2R2NMGF RoHS 2.2 +30% 65 0.105 1,500 1,400 100
NRS5010T 3R3MMGF RoHS 3.3 +20% 42 0.125 1,400 1,250 100
NRS5010T 4R7TMMGF RoHS 4.7 +20% 37 0.145 1,200 1,150 100
NRS5010T 6R8MMGF RoHS 6.8 +20% 33 0.185 1,000 1,000 100
NRS5010T 100MMGF RoHS 10 +20% 23 0.250 850 900 100
NRS5010T 150MMGF RoHS 15 +20% 19 0.400 680 650 100
NRS5010T 220MMGF RoHS 22 +20% 15 0.600 550 450 100
NRS5012 type
L SellEreseran: i Rated current %) [mA] .
Parts number EHS Nominal inductance Inductance tolerance frequency DG Rerltimee Saturation current Temperature rise current pcasuring
[ 1 H] [MHz] (min) [Q1(+20%) ] e frequency [kHz]
NRS5012T 1RONMGF RoHS 1.0 +30% 100 0.053 4,500 2,300 100
NRS5012T 1R5NMGF RoHS 1.5 +30% 86 0.070 3,800 2,200 100
NRS5012T 2R2MMGF RoHS 2.2 +20% 70 0.085 3,100 2,000 100
NRS5012T 3R3MMGF RoHS 3.3 +20% 48 0.160 2,400 1,450 100
NRS5012T 4R7TMMGF RoHS 4.7 +20% 40 0.180 2,200 1,400 100
NRS5012T 6R8MMGF RoHS 6.8 +20% 36 0.260 1,700 1,100 100
NRS5012T 100MMGF RoHS 10 +20% 26 0.420 1,400 850 100
NRS5012T 150MMGF RoHS 15 +20% 22 0.670 1,200 640 100
NRS5014 Shielded type
s Self-resonant . Rated current ) [mA] .
Parts number EHS ReTinalifdustanes Inductance tolerance frequency DO Resistance Saturation current | Temperature rise current NezEnh
[uH] [MHz] (min.) [R1(+20%) . . frequency [kHz]
NRS5014T R47TNMGG RoHS 0.47 +30% 185 0.025 5,800 3,300 100
NRS5014T 1R2NMGG RoHS 1.2 +30% 86 0.045 3,800 2,400 100
NRS5014T 2R2NMGG RoHS 2.2 +30% 56 0.065 2,800 2,000 100
NRS5014T 3R3NMGG RoHS 3.3 +30% 48 0.080 2,350 1,700 100
NRS5014T 4R7TNMGG RoHS 4.7 +30% 41 0.100 2,050 1,400 100
NRS5014T 6R8MMGG RoHS 6.8 +20% 33 0.150 1,600 1,200 100
NRS5014T 100MMGG RoHS 10 +20% 27 0.200 1,400 1,050 100
NRS5014T 150MMGG RoHS 15 +20% 20 0.320 1,100 650 100
NRS5014T 220MMGG RoHS 22 +20% 16 0.450 900 550 100
NRS5020 Shielded type
L Self-resonant . Rated current ) [mA] .
Parts number EHS Repinalinductance Inductance tolerance frequency DilResitance Saturation current | Temperature rise current Measuring
[uH] [MHz] (min.) [Q1(+£20%) 1ol ) frequency [kHz]
NRS5020T R47NMGJ RoHS 0.47 +30% 230 0.012 6,100 5,000 100
NRS5020T 1RONMGJ RoHS 1.0 +30% 81 0.021 4,000 3,600 100
NRS5020T 1R5NMGJ RoHS 1.5 +30% 68 0.026 3,350 3,200 100
NRS5020T 2R2NMGJ RoHS 2.2 +30% 57 0.035 2,900 2,900 100
NRS5020T 3R3NMGJ RoHS 3.3 +30% 46 0.048 2,400 2,400 100
NRS5020T 4R7TMMGJ RoHS 4.7 +20% 37 0.060 2,000 2,000 100
NRS5020T 6R8MMGJ RoHS 6.8 +20% 30 0.090 1,600 1,650 100
NRS5020T 100MMGJ RoHS 10 +20% 24 0.120 1,300 1,450 100
NRS5020T 150MMGJ RoHS 15 +20% 20 0.165 1,100 1,200 100
NRS5020T 220MMGJ RoHS 22 +20% 17 0.260 900 1,000 100
NRS5024 Shielded type
o T i Rated current %) [mA] .
Parts number EHS Begnalinduciance Inductance tolerance frequency DiResistance Saturation current | Temperature rise current Measuring
[uH] [MHz] (min.) [R](£20%) ldet e frequency [kHz]
NRS5024T 1RONMGJ RoHS 1.0 +30% 85 0.016 5,800 4,400 100
NRS5024T 1R5NMGJ RoHS 1.5 +30% 67 0.022 5,200 3,600 100
NRS5024T 2R2NMGJ RoHS 2.2 +30% 51 0.029 4,100 3,100 100
NRS5024T 3R3NMGJ RoHS 3.3 +30% 41 0.043 3,100 2,400 100
NRS5024T 4R7TMMGJ RoHS 4.7 +20% 37 0.055 2,700 2,000 100
NRS5024T 6R8MMGJ RoHS 6.8 +20% 28 0.080 2,200 1,600 100
NRS5024T 100MMGJ RoHS 10 +20% 21 0.125 1,700 1,200 100
NRS5024T 150MMGJ RoHS 15 +20% 18 0.170 1,400 1,000 100
NRS5024T 220MMGJ RoHS 22 +20% 15 0.230 1,200 820 100
NRS5024T 330MMGJ RoHS 33 +20% 11 0.370 1,000 630 100

3¢) The saturation current value (Idc1) is the DC current value having inductance decrease down to 30%. (at 20°C)
3) The temperature rise current value (Idc2) is the DC current value having temperature increase up to 40°C. (at 20°C)
) The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value.

» This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty-top.com/) .
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PARTS NUMBER

NRS5030 type

Nominal inductance Self~resonant DC Resistance fratedrclient: M (i Measuring
Parts number EHS [ H] Inductance tolerance frequenqy [Q7(+30%) Saturation current | Temperature rise current Sroanemer|leE]
[MHz] (min.) Idc1 Idc2
NRS5030T R4A7TNMGJ RoHS 0.47 +30% 185 0.010 9,000 5,000 100
NRS5030T 1RONMGJ RoHS 1.0 +30% 110 0.015 6,600 4,000 100
NRS5030T 2R2NMGJ RoHS 2.2 +30% 46 0.023 4,200 3,500 100
NRS5030T 3R3MMGJ RoHS 3.3 +20% 36 0.030 3,600 3,000 100
NRS5030T 4R7TMMGJ RoHS 4.7 +20% 31 0.035 3,100 2,600 100
NRS5030T 6R8MMGJ RoHS 6.8 +20% 22 0.052 2,500 2,300 100
NRS5030T 100MMGJ RoHS 10 +20% 20 0.070 2,100 1,700 100
NRS5030T 150MMGJ RoHS 15 +20% 14 0.125 1,600 1,400 100
NRS5030T 220MMGJ RoHS 22 +20% 13 0.180 1,400 1,050 100
NRS5030T 330MMGJ RoHS 33 +20% 10 0.225 1,150 800 100
NRS5030T 470MMGJ RoHS 47 +20% 9 0.325 950 700 100
NRS5040 Shielded typ
Nominal inductance Sl DC Resistance o 50 i Measuring
Parts number EHS [ H] Inductance tolerance frequengy [Q7(30%) Saturation current Temperature rise current | o0 ency [kHz]
[MHz] (min.) Idc1 Idc2
NRS5040T 1RSNMGJ RoHS 1.5 +30% 60 0.017 6,400 4,500 100
NRS5040T 2R2NMGJ RoHS 2.2 +30% 42 0.022 5,000 3,700 100
NRS5040T 3R3NMGJ RoHS 3.3 +30% 32 0.027 4,000 3,300 100
NRS5040T 4R7TNMGK RoHS 4.7 +30% 28 0.029 3,300 3,100 100
NRS5040T 6R8MMGJ RoHS 6.8 +20% 21 0.049 2,800 2,400 100
NRS5040T 100MMGJ RoHS 10 +20% 18 0.056 2,300 2,100 100
NRS5040T 150MMGJ RoHS 15 +20% 13 0.080 2,000 1,800 100
NRS5040T 220MMGK RoHS 22 +20% 9 0.126 1,500 1,400 100
NRS5040T 330MMGJ RoHS 33 +20% 7 0.180 1,300 1,200 100
NRS5040T 470MMGJ RoHS 47 +20% 6 0.310 1,100 900 100
NRS6010 type
Nominal inductance SeliFresami DC Resistance Ratedcuren i MIMA Measuring
Parts number EHS [uH] Inductance tolerance frequengy [Q7(+20%) Saturation current Temperature rise current frequency [kHz]
[MHz] (min.) Idc1 Ide2
NRS6010T 1RSMMGF RoHS 1.5 +20% 77 0.090 2,400 1,900 100
NRS6010T 2R2MMGF RoHS 2.2 +20% 56 0.110 1,900 1,700 100
NRS6010T 3R3MMGF RoHS 3.3 +20% 42 0.135 1,600 1,500 100
NRS6010T 4R7TMMGF RoHS 4.7 +20% 36 0.165 1,300 1,400 100
NRS6010T 6R8MMGF RoHS 6.8 +20% 30 0.220 1,200 1,200 100
NRS6010T 100MMGF RoHS 10 +20% 25 0.270 1,000 1,100 100
NRS6010T 220MMGF RoHS 22 +20% 12 0.580 650 700 100
NRS6012 Shielded typ
L Self-resonant . Rated current ) [mA] X
Parts number EHS Ronipaliductancs Inductance tolerance frequency PEiResistance Saturation current Temperature rise current NI
[uH] [MHz] (min.) [R1(£20%) ot T frequency [kHz]
NRS6012T 1RONMGJ RoHS 1.0 +30% 95 0.050 3,000 2,400 100
NRS6012T 1R5SNMGG RoHS 1.5 +30% 69 0.067 2,600 2,100 100
NRS6012T 2R5NMGG RoHS 2.5 +30% 45 0.090 2,100 1,800 100
NRS6012T 3R3INMGG RoHS 3.3 +30% 42 0.105 1,800 1,700 100
NRS6012T 4R7TMMGG RoHS 4.7 +20% 36 0.125 1,600 1,550 100
NRS6012T 5R3MMGJ RoHS 5.3 +20% 34 0.125 1,500 1,550 100
NRS6012T 6R8MMGJ RoHS 6.8 +20% 30 0.165 1,300 1,350 100
NRS6012T 100MMGJ RoHS 10 +20% 22 0.200 1,000 1,200 100
NRS6012T 150MMGJ RoHS 15 +20% 18 0.295 800 800 100
NRS6012T 220MMGJ RoHS 22 +20% 12 0.465 760 650 100
NRS6012T 330MMGJ RoHS 33 +20% 8 0.580 590 550 100
NRS6012T 470MMGJ RoHS 47 +20% 6 0.965 520 460 100
NRS6012T 680MMGJ RoHS 68 +20% 3 1.16 440 410 100
NRS6012T 101MMGJ RoHS 100 +20% 1 1.67 350 320 100
NRS6014 Shielded typ
L Sl reserEr . Rated current ) [mA] X
Parts number EHS Ropinalincuctancs Inductance tolerance frequency PCiResistance Saturation current Temperature rise current Measuring
[uH] [MHz] (min.) [Q1(£20%) ot T frequency [kHz]
NRS6014T 1R2NMGG RoHS 1.2 +30% 77 0.042 4,000 2,750 100
NRS6014T 2R2NMGG RoHS 2.2 +30% 61 0.055 3,000 2,300 100
NRS6014T 3R3INMGG RoHS 3.3 +30% 41 0.075 2,500 2,000 100
NRS6014T 4R7TMMGG RoHS 4.7 +20% 36 0.090 2,000 1,900 100
NRS6014T 6R8MMGG RoHS 6.8 +20% 30 0.115 1,700 1,650 100
NRS6014T 100MMGG RoHS 10 +20% 24 0.140 1,400 1,400 100
NRS6014T 150MMGG RoHS 15 +20% 20 0.210 1,150 1,200 100
NRS6014T 220MMGG RoHS 22 +20% 16 0.300 950 1,000 100

3¢) The saturation current value (Idc1) is the DC current value having inductance decrease down to 30%. (at 20°C)

) The temperature rise current value (Idc2) is the DC current value having temperature increase up to 40°C. (at 20°C)
%) The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value.

» This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty-top.com/) .
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PARTS NUMBER

NRS6020 Shielded type

SYOLDONANI YIMOd\SYOLONANI

Rated current ) [mA
Parts number EHS Remnalinductance Inductance tolerance s?‘:i;z:z:/nt DOResktance Saturation current TX) [t : i t casunng
[H] [Mba] (i) [Q1(+£20%) al ldc1c emperal ulr(;ecgse ourrent | frequency [kHz]
NRS6020T OR8NMGG RoHS 0.8 +30% 110 0.020 6,400 4,100 100
NRS6020T 1RSNMGJ RoHS 1.5 +30% 93 0.026 4,300 3,600 100
NRS6020T 2R2NMGJ RoHS 2.2 +30% 73 0.034 3,200 2,900 100
NRS6020T 3R3INMGJ RoHS 3.3 +30% 55 0.040 2,800 2,750 100
NRS6020T 4R7NMGJ RoHS 4.7 +30% 43 0.058 2,400 2,150 100
NRS6020T 6R8NMGJ RoHS 6.8 +30% 30 0.085 2,000 1,800 100
NRS6020T 100MMGG RoHS 10 +20% 18 0.125 1,900 1,500 100
NRS6020T 220MMGG RoHS 22 +20% 11 0.290 1,250 950 100
NRS6028 Shielded type
Rated current 3¢) [mA
Parts number EHS Nominal inductance Inductance tolerance Si:«;z:rclx/nt DG Resistance Saturation current. TX) [t ] i it Measuring
[uH] [MHz] (min.) [R1(%£30%) ] empera “{:C;'“ eurrent | frequency [kHz]
NRS6028T ORINMGJ RoHS 0.9 +30% 90 0.013 6,700 4,600 100
NRS6028T 1RSNMGJ RoHS 1.5 +30% 78 0.016 5,100 4,200 100
NRS6028T 2R2NMGJ RoHS 2.2 +30% 68 0.020 4,200 3,700 100
NRS6028T 3RONMGJ RoHS 3.0 +30% 55 0.023 3,600 3,400 100
NRS6028T 4R7TMMGK RoHS 4.7 +20% 39 0.031 2,700 3,000 100
NRS6028T 6ROMMGK RoHS 6.0 +20% 30 0.040 2,500 2,500 100
NRS6028T 100MMGK RoHS 10 +20% 20 0.065 1,900 1,900 100
NRS6028T 150MMGJ RoHS 15 +20% 17 0.095 1,600 1,800 100
NRS6028T 220MMGJ RoHS 22 +20% 12 0.135 1,300 1,400 100
NRS6028T 330MMGJ RoHS 33 +20% 10 0.220 1,100 1,100 100
NRS6028T 470MMGJ RoHS 47 +20% 8 0.300 1,000 920 100
NRS6028T 680MMGJ RoHS 68 +20% 5 0.420 800 770 100
NRS6028T 101MMGJ RoHS 100 +20% 3 0.600 650 660 100
NRS6045 Shielded type
Rated current %) [mA
Parts number EHS Repallpcictanes Inductance tolerance Sef:‘:j:romgnt DOJHesistance Saturation current TX) [t ] i t ileEtiEs
[uH] [MHz] (min.) [R1(£30%) et CHEE ul?cgse ourrent | frequency [kHz]
NRS6045T 1RONMGK RoHS 1.0 +30% 110 0.014 9,800 4,500 100
NRS6045T 1R3INMGK RoHS 1.3 +30% 95 0.016 8,200 4,200 100
NRS6045T 1R8NMGK RoHS 1.8 +30% 80 0.019 7,200 3,900 100
NRS6045T 2R3INMGK RoHS 2.3 +30% 60 0.022 6,400 3,600 100
NRS6045T 3RONMGK RoHS 3.0 +30% 45 0.024 5,600 3,300 100
NRS6045T 4R5SMMGK RoHS 4.5 +20% 25 0.030 4,400 3,100 100
NRS6045T 6R3MMGK RoHS 6.3 +20% 15 0.036 3,600 3,000 100
NRS6045T 100MMGK RoHS 10 +20% 12 0.046 3,100 2,400 100
NRS6045T 150MMGK RoHS 15 +20% 10 0.070 2,500 1,900 100
NRS6045T 220MMGK RoHS 22 +20% 7 0.107 2,000 1,600 100
NRS6045T 330MMGK RoHS 33 +20% 6 0.141 1,650 1,400 100
NRS6045T 470MMGK RoHS 47 +20% 5 0.211 1,400 1,150 100
NRS6045T 680MMGK RoHS 68 +20% 4 0.304 1,100 950 100
NRS6045T 101MMGK RoHS 100 +20% 3 0.466 900 750 100
NRS8030 Shielded type
Rated current 3¢) [mA
Parts number EHS M) el Inductance tolerance Si:«;z:rclx/nt D@ [Resfisizmee Saturation current TX) [t : i it WilezEties
[uH] [MHz] (min) [R1(£30%) Idclc CHEE ”l':cgse ourrent | frequency [kHz]
NRS8030T 1RONJGJ RoHS 1.0 +30% 120 0.009 7,800 6,200 100
NRS8030T 1R5NJGJ RoHS 1.5 +30% 80 0.012 6,200 5,300 100
NRS8030T 2R2NJGJ RoHS 2.2 +30% 60 0.015 4,900 4,800 100
NRS8030T 3R3MJGJ RoHS 3.3 +20% 50 0.019 4,200 4,300 100
NRS8030T 4R7MJGJ RoHS 4.7 +20% 40 0.022 3,600 4,000 100
NRS8030T 6R8MJGJ RoHS 6.8 +20% 32 0.029 3,000 3,400 100
NRS8030T 100MJGJ RoHS 10 +20% 27 0.033 2,400 3,000 100
NRS8030T 150MJGJ RoHS 15 +20% 20 0.060 2,000 2,200 100
NRS8030T 220MJGJ RoHS 22 +20% 16 0.070 1,750 1,900 100
NRS8030T 330MJGJ RoHS 33 +20% 13 0.120 1,300 1,500 100
NRS8030T 470MJGJ RoHS 47 +20% 11 0.170 1,100 1,300 100
NRS8040 Shielded type
Rated current 3¢) [mA
Parts number EHS Nominal inductance Inductance tolerance Si:;z::zsnt DO Resistance Saturation current. TX) [t ] i it Measuring
[uH] [MHz] (min.) [R]1(£30%) 1do1 CHE u]:?cgse eurrent | frequency [kHz]
NRS8040T ORINJGJ RoHS 0.9 +30% 85 0.006 13,000 7,800 100
NRS8040T 1R4ANJGJ RoHS 1.4 +30% 63 0.007 10,000 7,000 100
NRS8040T 2RONJGJ RoHS 2.0 +30% 50 0.009 8,100 6,300 100
NRS8040T 3R6NJGJ RoHS 3.6 +30% 34 0.015 6,400 4,900 100
NRS8040T 4R7NJGJ RoHS 4.7 +30% 30 0.018 5,400 4,100 100
NRS8040T 6R8NJGJ RoHS 6.8 +30% 24 0.025 4,400 3,700 100
NRS8040T 100MJGJ RoHS 10 +20% 22 0.034 3,800 3,100 100
NRS8040T 150MJGJ RoHS 15 +20% 16 0.050 2,900 2,400 100
NRS8040T 220MJGJ RoHS 22 +20% 13 0.066 2,400 2,200 100

%) The saturation current value (Idc1) is the DC current value having inductance decrease down to 30%. (at 20°C)
%) The temperature rise current value (Idc2) is the DC current value having temperature increase up to 40°C. (at 20°C)
) The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value.

» This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty-top.com/) .
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PARTS NUMBER

NR 3010 Shielded type

SYOLONANI JIMOd\SIOLONANI

Nominal inductance Self~resonant DC Resistance Ratedlclmentb M Measuring
Parts number EHS [ H] Inductance tolerance frequentfy [9Q7(+20%) Saturation current Temperature rise current frequency [kHz]
[MHz] (min.) Idc1 Idc2
NR 3010T 1RON RoHS 1.0 +30% 126 0.065 1,300 1,400 100
NR 3010T 1R5N RoHS 1.5 +30% 98 0.080 1,200 1,300 100
NR 3010T 2R2M RoHS 22 +20% 82 0.095 1,100 1,100 100
NR 3010T 3R3M RoHS 33 +20% 63 0.140 870 940 100
NR 3010T 4R7TM RoHS 4.7 +20% 56 0.190 750 780 100
NR 3010T 6R8M RoHS 6.8 +20% 46 0.300 610 630 100
NR 3010T 100M RoHS 10 +20% 35 0.450 500 510 100
NR 3010T 150M RoHS 15 +20% 30 0.740 400 400 100
NR 3010T 220M RoHS 22 +20% 25 1.03 350 350 100
NR 3010T 330M RoHS 33 +20% 20 1.55 260 275 100
NR 3010T 470M RoHS 47 +20% 17 2.05 220 235 100
NR 3012 Shielded type
Nominal inductance S iFeseEn DC Resistance St ooy 20 (i, Measuring
Parts number EHS [ H] Inductance tolerance frequentfy [9Q7(+20%) Saturation current Temperature rise current frequency [kHz]
[MHz] (min.) Idc1 Idc2
NR 3012T 1RON RoHS 1.0 +30% 110 0.050 1,500 1,490 100
NR 3012T 1R5N RoHS 1.5 +30% 92 0.060 1,360 1,400 100
NR 3012T 2R2M RoHS 22 +20% 70 0.080 1,100 1,200 100
NR 3012T 3R3M RoHS 33 +20% 55 0.100 910 1,050 100
NR 3012T 4R7TM RoHS 4.7 +20% 48 0.130 710 980 100
NR 3012T 6R8M RoHS 6.8 +20% 40 0.190 670 740 100
NR 3012T 100M RoHS 10 +20% 32 0.290 540 630 100
NR 3012T 150M RoHS 15 +20% 27 0.450 440 485 100
NR 3012T 220M RoHS 22 +20% 22 0.630 375 420 100
NR 3012T 330M RoHS 33 +20% 19 1.03 310 330 100
NR 3012T 470M RoHS 47 +20% 17 1.45 250 280 100
NR 3015 Shielded type
Nominal inductance Sl TesIE DC Resistance it etents 7o) [l Measuring
Parts number EHS [pH] Inductance tolerance frequency [Q7(%20%) Saturation current | Temperature rise current | £oqency [kHz]
[MHz] (min.) Idc1 Idc2
NR 3015T 1RON RoHS 1.0 +30% 100 0.030 2,100 2,100 100
NR 3015T 1R5N RoHS 1.5 +30% 87 0.040 1,800 1,820 100
NR 3015T 2R2M RoHS 2.2 +20% 64 0.060 1,480 1,500 100
NR 3015T 3R3M RoHS 33 +20% 49 0.080 1,210 1,230 100
NR 3015T 4R7TM RoHS 4.7 +20% 40 0.120 1,020 1,040 100
NR 3015T 6R8M RoHS 6.8 +20% 36 0.160 870 880 100
NR 3015T 100M RoHS 10 +20% 28 0.230 700 710 100
NR 3015T 150M RoHS 15 +20% 23 0.360 560 560 100
NR 3015T 220M RoHS 22 +20% 20 0.520 470 470 100
NR 3015T 330M RoHS 33 +20% 18 0.840 390 370 100
NR 3015T 470M RoHS 47 +20% 17 1.34 320 300 100
NR 4010 Shielded type
Nominal inductance SelirTesE DC Resistance friedlotan: 59 i Measuring
Parts number EHS [ H] Inductance tolerance frequenC_y [Q7(+20%) Saturation current Temperature rise current | o0ency [kHz]
[MHz] (min.) Idc1 Ide2
NR 4010T 1RON RoHS 1.0 +30% 116 0.100 1,800 1,050 100
NR 4010T 2R2N RoHS 2.2 +30% 73 0.150 1,150 890 100
NR 4010T 3R3M RoHS 33 +20% 58 0.180 1,100 820 100
NR 4010T 4R7TM RoHS 4.7 +20% 47 0.210 900 750 100
NR 4010T 6R8M RoHS 6.8 +20% 38 0.300 740 620 100
NR 4010T 100M RoHS 10 +20% 31 0.380 560 600 100
NR 4010T 150M RoHS 15 +20% 24 0.510 470 510 100
NR 4010T 220M RoHS 22 +20% 19 0.870 360 400 100
NR 4010T 330M RoHS 33 +20% 15 1.54 280 300 100
NR 4010T 470M RoHS 47 +20% 13 1.81 240 280 100
NR 4012 Shielded type
Nominal inductance e DC Resistance - Ratedouremib M A Measuring
Parts number EHS [ H] Inductance tolerance [J:gljj?r:lz) [Q7(+20%) Saturatllg;current Temperatu;:c;ise current | equency [kHz]
NR 4012T 1RON RoHS 1.0 +30% 131 0.060 2,500 1,500 100
NR 4012T 2R2M RoHS 2.2 +20% 66 0.090 1,650 1,200 100
NR 4012T 3R3M RoHS 33 +20% 50 0.130 1,200 980 100
NR 4012T 4R7TM RoHS 4.7 +20% 45 0.140 1,050 960 100
NR 4012T 6R8M RoHS 6.8 +20% 35 0.180 900 840 100
NR 4012T 100M RoHS 10 +20% 28 0.240 740 7170 100
NR 4012T 150M RoHS 15 +20% 23 0.400 560 600 100
NR 4012T 220M RoHS 22 +20% 18 0.480 510 540 100
NR 4012T 330M RoHS 33 +20% 15 0.810 400 420 100
NR 4012T 470M RoHS 47 +20% 12 1.00 350 370 100

%) The saturation current value (Idc1) is the DC current value having inductance decrease down to 30%. (at 20°C)
%) The temperature rise current value (Idc2) is the DC current value having temperature increase up to 40°C. (at 20°C)
%) The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value.

» This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty-top.com/) .
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PARTS NUMBER

NR 4018 Shielded type

SYOLONANI YIMOd\SYOLONANI

Rated current 3¢) [mA
Parts number EHS pomnainductance Inductance tolerance S?‘::;Z:ZZ?/nt DOResktance Saturation current TX) [t : i t casuning
[uH] [MHz] (min) [R1(£20%) & ldc1c CHEE ”l':c;'se ourrent | frequency [kHz]
NR 4018T 1RON RoHS 1.0 +30% 80 0.030 4,000 1,830 100
NR 4018T 2R2M RoHS 2.2 +20% 52 0.060 2,700 1,440 100
NR 4018T 3R3M RoHS 3.3 +20% 44 0.070 2,000 1,230 100
NR 4018T 4R7M RoHS 4.1 +20% 34 0.090 1,700 1,200 100
NR 4018T 6R8M RoHS 6.8 +20% 29 0.110 1,450 1,060 100
NR 4018T 100M RoHS 10 +20% 24 0.180 1,200 840 100
NR 4018T 150M RoHS 15 +20% 19 0.250 940 650 100
NR 4018T 220M RoHS 22 +20% 16 0.360 800 590 100
NR 4018T 330M RoHS 33 +20% 12 0.530 650 490 100
NR 4018T 470M RoHS 47 +20% 10 0.650 570 420 100
NR 4018T 680M RoHS 68 +20% 8.3 1.00 470 320 100
NR 4018T 101M RoHS 100 +20% 6.5 1.50 400 270 100
NR 4018T 151M RoHS 150 +20% 5.5 2.50 310 220 100
NR 4018T 221M RoHS 220 +20% 4.0 4.00 270 170 100
NR 5040 Shielded type
Rated current 3¢) [mA
Parts number EHS pemnalinductance Inductance tolerance Seff;;j:?l’;)a/nt DO [Resitizmes et GURETE TX) [t ! ) 5 Measuring
[uH] [MHz] (min) [R1(£30%) Idc1c CHEE “I':c;'se ourrent | frequency [kHz]
NR 5040T 1R5N RoHS 1.5 +30% 60 0.020 6,000 3,600 100
NR 5040T 2R2N RoHS 2.2 +30% 42 0.022 4,600 3,500 100
NR 5040T 3R3N RoHS 3.3 +30% 32 0.027 3,800 3,300 100
NR 5040T 4R7N RoHS 4.7 +30% 28 0.029 3,300 3,100 100
NR 5040T 6R8M RoHS 6.8 +20% 21 0.049 2,600 2,300 100
NR 5040T 100M RoHS 10 +20% 18 0.056 2,300 2,100 100
NR 5040T 150M RoHS 15 +20% 13 0.080 2,000 1,800 100
NR 5040T 220M RoHS 22 +20% 9 0.126 1,600 1,400 100
NR 5040T 330M RoHS 33 +20% 7 0.180 1,300 1,200 100
NR 5040T 470M RoHS 47 +20% 6 0.310 1,100 900 100
NR 6012 Shielded type
Rated current ) [mA
Parts number EHS pomia jductancs Inductance tolerance Seflr:t:z:rolgnt DOEesistance Saturation current TX) [t ] i t e
Ll [MHz] (min) | [R1(20%) ldol T e | freauency [kHz]
NR 6012T 2R5NE RoHS 25 +30% 45 0.090 2,100 1,730 100
NR 6012T 4RONE RoHS 4.0 +30% 39 0.105 1,800 1,570 100
NR 6012T 5R3ME RoHS 5.3 +20% 34 0.125 1,500 1,400 100
NR 6012T 6R8ME RoHS 6.8 +20% 30 0.165 1,300 1,180 100
NR 6012T 100ME RoHS 10 +20% 22 0.235 1,000 1,000 100
NR 6012T 150ME RoHS 15 +20% 18 0.330 800 790 100
NR 6012T 220ME RoHS 22 +20% 12 0.530 760 630 100
NR 6012T 330ME RoHS 33 +20% 8 0.700 590 530 100
NR 6012T 470ME RoHS 47 +20% 6 1.05 520 460 100
NR 6012T 680ME RoHS 68 +20% 3 1.35 440 410 100
NR 6012T 101ME RoHS 100 +20% 1 2.18 350 320 100
NR 6020 Shielded type
Rated current %) [mA
Parts number EHS Nominal indugtance Inductance tolerance Sef:;z:zzsnt DO Resistance Saturation current. TX) [t ] i t Moasuring
[uH] [MHz] (min.) [R]1(£20%) 1do EHE ul':cgse eurrent | frequency [kHz]
NR 6020T OR8N RoHS 0.8 +30% 110 0.020 5,500 3,800 100
NR 6020T 1R5N RoHS 1.5 +30% 93 0.026 4,000 3,200 100
NR 6020T 2R2N RoHS 2.2 +30% 73 0.034 3,200 2,700 100
NR 6020T 3R3N RoHS 3.3 +30% 55 0.040 2,800 2,600 100
NR 6020T 4R7N RoHS 4.7 +30% 43 0.058 2,400 2,000 100
NR 6020T 6R8N RoHS 6.8 +30% 30 0.085 2,000 1,800 100
NR 6020T 100M RoHS 10 +20% 18 0.125 1,700 1,400 100
NR 6020T 220M RoHS 22 +20% 11 0.290 1,050 950 100
NR 6028 Shielded type
Rated current ) [mA
Parts number EHS Wil (el Inductance tolerance Sef:;i:‘:;?nt D@ [Resfiizmee Saturation current T : [t : i t il
[uH] [MHz] (min.) [Q1(£30%) el Empersy ulrdec;lse eurrent | frequency[kHz]
NR 6028T ORIN RoHS 0.9 +30% 90 0.013 6,600 4,600 100
NR 6028T 1R5N RoHS 1.5 +30% 78 0.016 5,000 4,200 100
NR 6028T 2R2N RoHS 2.2 +30% 68 0.020 4,200 3,700 100
NR 6028T 3RON RoHS 3.0 +30% 55 0.023 3,600 3,400 100
NR 6028T 4R7TM RoHS 4.7 +20% 39 0.031 2,700 3,000 100
NR 6028T 6ROM RoHS 6.0 +20% 30 0.040 2,500 2,500 100
NR 6028T 100M RoHS 10 +20% 20 0.065 1,900 1,900 100
NR 6028T 150M RoHS 15 +20% 17 0.095 1,600 1,800 100
NR 6028T 220M RoHS 22 +20% 12 0.135 1,300 1,400 100
NR 6028T 330M RoHS 33 +20% 10 0.220 1,100 1,100 100
NR 6028T 470M RoHS 47 +20% 8 0.300 950 920 100
NR 6028T 680M RoHS 68 +20% 5 0.420 760 7170 100
NR 6028T 101M RoHS 100 +20% 3 0.600 620 660 100

%) The saturation current value (Idc1) is the DC current value having inductance decrease down to 30%. (at 20°C)
%) The temperature rise current value (Idc2) is the DC current value having temperature increase up to 40°C. (at 20°C)
) The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value.

» This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty-top.com/) .
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PARTS NUMBER

NR 6045 Shielded type

Nominal inductance Self~resonant DC Resistance fratedlclienti: M (il Measuring
Parts number EHS [uH] Inductance tolerance [&rsqlﬁe{nc'y . [Q7(+30%) Saturat:li:n1current Temperatulze ;ise current | £equency [kHz]
2] (min. c .
NR 6045T 1RON RoHS 1.0 +30% 110 0.014 8,500 4,200 100
NR 6045T 1R3N RoHS 1.3 +30% 95 0.016 8,000 4,000 100
NR 6045T 1R8N RoHS 1.8 +30% 80 0.018 7,000 3,700 100
NR 6045T 2R3N RoHS 23 +30% 60 0.021 6,000 3,500 100
NR 6045T 3RON RoHS 3.0 +30% 45 0.024 5,000 3,200 100
NR 6045T 4R5M RoHS 45 +20% 25 0.031 4,000 3,000 100
NR 6045T 6R3M RoHS 6.3 +20% 15 0.038 3,800 2,800 100
NR 6045T 100M RoHS 10 +20% 12 0.047 3,000 2,500 100
NR 6045T 150M RoHS 15 +20% 10 0.077 2,300 1,900 100
NR 6045T 220M RoHS 22 +20% 7 0.115 1,900 1,500 100
NR 6045T 330M RoHS 33 +20% 6 0.145 1,500 1,400 100
NR 6045T 470M RoHS 47 +20% 5 0.220 1,300 1,100 100
NR 6045T 680M RoHS 68 +20% 4 0.330 1,000 900 100
NR 6045T 101M RoHS 100 +20% 3 0.500 800 700 100
NR 8040 Shielded type
Nominal inductance SiFesenEnt DC Resistance St e 20 Wik, Measuring
Parts number EHS [ H] Inductance tolerance [;Ir;que(nc'y ) [Q7(+30%) Saturatlign]current Temperatulr: ;ise current | frequency [kHz]
2] (min. c .
NR 8040T ORIN RoHS 0.9 +30% 85 0.006 11,000 7,800 100
NR 8040T 1R4N RoHS 1.4 +30% 63 0.007 9,000 7,000 100
NR 8040T 2RON RoHS 2.0 +30% 50 0.009 7,400 6,300 100
NR 8040T 3R6N RoHS 3.6 +30% 34 0.015 5,300 4,900 100
NR 8040T 4R7N RoHS 4.7 +30% 30 0.018 4,700 4,100 100
NR 8040T 6R8N RoHS 6.8 +30% 24 0.025 4,000 3,700 100
NR 8040T 100M RoHS 10 +20% 22 0.034 3,400 3,100 100
NR 8040T 150M RoHS 15 +20% 16 0.050 2,700 2,400 100
NR 8040T 220M RoHS 22 +20% 13 0.066 2,200 2,200 100
NR 8040T 330M RoHS 33 +20% 12 0.100 1,900 1,700 100
NR 8040T 470M RoHS 47 +20% 8 0.150 1,500 1,400 100
NR 8040T 680M RoHS 68 +20% 7 0.230 1,200 1,100 100
NR 8040T 101M RoHS 100 +20% 6 0.290 1,000 1,000 100

SYOLONANI JIMOd\SIOLONANI

%) The saturation current value (Idc1) is the DC current value having inductance decrease down to 30%. (at 20°C)
%) The temperature rise current value (Idc2) is the DC current value having temperature increase up to 40°C. (at 20°C)
) The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value.

» This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty-top.com/) .
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SMD POWER INDUCTORS (NR SERIES/NR SERIES H TYPE/S TYPE/V TYPE)

B PACKAGING

@Minimum Quantity

Tvoe Standard Quantity [pcs] Tve Standard Quantity [pcs]
u Tape & Reel e Tape & Reel
NRV2010 2500 NRS5010 1000
NRS2012 2500 NRS5012 1000
NRV2012 NRS5014 1000
NRH2410 2500 NRS5020 800
NRH2412 2500 NRS5024 2500
NR 3010 2000 NRS5030 500
NRH3010 NR 5040 1500
NR 3012 NRS5040
NRH3012 2000 NRS6010 1000
NRV3012
NR 6012 1000
NR 3015 2000 NRS6012
NRS3015 NRS6014 1000
NR 4010 NR 6020
NRS4010 5000 NRS6020 2500
NR 4012 NR 6028
NRS4012 4500 NRS6028 2000
NR 4018 NR 6045
NRS4018 3500 NRS6045 1500
NRS8030 1000
NR 8040
NRS8040 1000
@Tape Material
Embossed Tape
. Top tape
A
(00 0 0 0
Sprocket hale 7
/00 )
Chin cavity Chip filled f:'fh n

@ Taping dimensions

Embossed tape 8mm wide (0.315 inches wide)

#1573 Py ceins
) (0.089+0.004
7 = -
( ¢ '{d . 000000
T ' N =
) = jmrunj
7 = 4 /
':—JTL—{ Electrode
(battom view)
2.0%0.05 4.0+0.1
(0.079:£0.002)  (D.157=0.004)
Type Chip cavity Insertion pitch Tape thickness
P A B F T K
NRV201
NR\S/2812 2.2%0.1 2.2+0.1 0.25+0.05 1.3+0.1
+ + + +
NRV2012 (0.102£0.004) (0.102+0.004) (0.009£0.002) (0.051£0.004)
NRH2410 2.6+0.1 2.6+0.1 0.25+0.05 1.3%0.1
NRH2412 (0.087£0.004) (0.102£0.004) (0.009£0.002) (0.051£0.004)
NR 3010 4.0=+0.1 1.4+0.1
NRH3010 (0.157£0.004) (0.055+0.004)
NR 3012 1.6+0.1
+ + +
NRH20T2 0160000 | (012620008 (oorroony) | (0060000
NRV3012 T T D 19-0.1
NR 3015 Y
+
NRS3015 (0.075+0.004)

Unit:mm (inch)

> This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty—top.com/) .
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Embossed tape 12mm wide (0.47 inches wide)

oY CHIP cavity .,
{ (oose” ™) /,r (0.089:0.004) —
j i I ¥V=1
[ —Fe—bfo—ota-{— 3| o 000000
Y oo = -
, T\ |EE[E S [“
@ - 0 (o8 [
R I =z l "
i / % T
— Elemr:}:'oe
" | (Eottom view)
2.0+0.41 4.00.1
(0.078+0.004)  (0.157+0.004)
Tvoe Chip cavity Insertion pitch Tape thickness
P A B F T K
NR 4010 1.4+0.1
NRS4010 (0.055+0.004)
NR 4012 43=+0.1 43=%+0.1 1.6+0.1
NRS4012 (0.169£0.004) (0.1690.004) (0.063+0.004)
NR 4018 2.1£0.1
NRS4018 (0.083+0.004)
1.4+0.1
NRS5010 0.3%0.1 (0.055+0.004)
(0.012£0.004) 1.4+0.1
NRS5012 (0.055£0.004)
5.25+0.1 5.25+0.1 1.6+0.1
NRSs014 (0.207£0.004) (0.207+0.004) (0.063+0.004)
2.3%0.1
NRS5020 (0.091£0.004)
2.7%0.1
NRS5024 8.0+0.1 (0.106£0.004)
+ + + +
NRS5030 5.15+0.1 5.15+0.1 (0.315£0.004) 3.2+0.1
(0.203+0.004) (0.203%0.004) (0.126£0.004)
NR 5040 5.15=+0.1 5.15+0.1 42+0.1
NRS5040 (0.203£0.004) (0.2030.004) (0.165£0.004)
1.4+01
NRS6010 (0.055+0.004)
NR 6012 1.6+0.1
NRS6012 0.4=%0.1 (0.0630.00)
(0.016£0.004) 1.6+0.1
NRSE014 6.3+0.1 6.3+0.1 (0.063+0.04)
NR 6020 (0.248£0.004) (0.248+0.004) 2.3+0.1
NRS6020 (0.090£0.004)
NR 6028 3.1%0.1
NRS6028 (0.122+0.004)
NR 6045 4.7x0.1
NRS6045 (0.185£0.004)
Unit:mm (inch)
Embossed tape 16mm wide (0.63 inches wide)
. E ‘]1'-' 1570008 CHIF cavity K
FAE=TR | _ - L7624 T
(0050 0.004) .'Il‘ :ll.ll\JHJSI.lI.l'Jl —_—
N | -
1 R T=TF F L e ol L]
NI ul=ivE I [ —
/I _J L. | J L] h T3 | 'I ¥
7 J"f-‘ 3
A G0 Elec1r§~:e
L‘._ 0205 20,00 I:DGHEH"I _..ew}
= e
\l
Type Chip cavity Insertion pitch Tape thickness
bt A B F T K
3.4+0.1
NRS8030
8.3+0.1 8.3%+0.1 12.0+0.1 0.5+0.1 (0.134+0.004)
NR 8040 (0.327£0.004) (0.327£0.004) (0.472£0.004) (0.020£0.004) 45=+0.1
NRS8040 (0.177£0.004)

Unit: mm (inch)

> This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty—top.com/) .

TAIYO YUDEN

i_smd_NR_pack_e—01



@Leader and Blank portion

NR, NRH, NRS, NRV

Blank portions

Chip cavity  Blank portions Leader

.
i " -

o oo

000-000--0 1.00] )

o oo o O o '

113C1mm of more 100mm or more
(6.3 inches or mare) (3.94 inches or more)

400mm or more
. (15.6 inches or more)

Direction of tape feed

(B)Reel size

T
h=

2.6 or less
(0.098inchs
or less)

@D

[i¥

Type

Reel size (Reference values)

¢D ¢d

NRV2010

NRS2012
NRV2012

NRH2410

NRH2412

NR 3010
NRH3010

180%£0.5 60=*=1.0
(7.087+0.019) (2.36£0.04)

NR 3012
NRH3012
NRV3012

NR 3015
NRS3015

100£15
(0.394%0.059)

NRS5010

NRS5012

NRS5014

NRS5020

180%3.0 60+2.0

NRS5030

(7.087+0.118) (2.360.08)

NRS6010

NR 6012
NRS6012

NRS6014

140+15
(0.551=0.059)

Unit: mm (inch)

> This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.

For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty—top.com/) .
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did

¢D

Type

Reel size (Reference values)

¢D

¢d

t(max.)

NR 4010
NRS4010

NR 4012
NRS4012

NR 4018
NRS4018

NRS5024

NR 5040
NRS5040

330£3.0

NR 6020
NRS6020

(12.99%+0.118)

NR 6028
NRS6028

NR 6045
NRS6045

NRS8030

NR 8040
NRS8040

8020
(3.15%0.078)

185
(0.72)

135+1.0
(0.531£0.04)

225
(0.89)

175+1.0
(0.689+0.04)

Unit: mm (inch)

®Top Tape Strength

The top tape requires a peel—off force of 0.1 to 1.3N in the direction of the arrow as illustrated below.

165°~180°

f

Pull direction
— " Top tape

w

Base tape

> This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty—top.com/) .
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SMD inductor (NR[, NS series)

M RELIABILITY DATA

1. Operating Temperature Range

Ega(;i;%?ggsg/% NRS20, NRV20/30, — 25~ +120°C
Specified Value NRS40/50/60/80 Type —25~+125°C
NR10050 Type —25~+105°C
NS101, NS125 Type —40~+125°C

Test Methods and

Including self-generated heat
Remarks

2. Storage Temperature Range

NR30/40/50/60/80, NRV20/30,

NRH24/30, NRS20/40/50/60/80 Type

Specified Value NR10050 Type —40~+85C

NS101, NS125 Type

Test Methods and

Remarks NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NR10050 Type, NS101/125 Type:

—5 to 40°C for the product with taping.

3. Rated current

NR30/40/50/60/80, NRV20/30,

NRH24/30, NRS20/40/50/60/80 Type

Specified Value NR10050 Type Within the specified tolerance

NS101, NS125 Type

4. Inductance

NR30/40/50/60/80, NRV20/30,

NRH24/30, NRS20/40/50/60/80 Type

Specified Value NR10050 Type Within the specified tolerance

NS101, NS125 Type

Measuring equipment : LCR Meter (HP 4285A or equivalent)
Measuring frequency : Specified frequency
NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NR10050 Type, NS101/125 Type
Test Methods and Measuring equipment : LCR Meter (HP 4285A or equivalent)
Remarks Measuring frequency : 100kHz, 1V
NR10050 Type :
Measuring equipment : LCR Meter (HP 4263A or equivalent)
Measuring frequency : 100kHz, 1V

5. DC Resistance

NR30/40/50/60/80, NRV20/30,

NRH24/30, NRS20/40/50/60/80 Type

Specified Value NR10050 Type Within the specified tolerance

NS101, NS125 Type

Test Methods and

Measuring equipment : DC ohmmeter (HIOKI 3227 or equivalent)
Remarks

6. Self resonance frequency

NR30/40/50/60/80, NRV30, NRH24/30,

NRS40/50/60/80 Type

Specified Value NR10050 Type Within the specified tolerance

NS101, NS125 Type

Test Methods and  NR30/40/50/60/80, NRV30, NRH24/30, NRS40/50/60/80 Type, NR10050 Type, NS101/125 Type :
Remarks Measuring equipment : Impedance analyzer/material analyzer (HP4291A or equivalent HP4191A, 4192A or equivalent)

v

This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty—top.com/) .
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7. Temperature characteristic

NR30/40/50/60/80, NRV20/30,

NRH24/30, NRS20/40/50/60/80 Type Inductance change : Within #20%
Specified Value NR10050 Type

NS101, NS125 Type Inductance change : Within £=15%

NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NR10050 Type :
Measurement of inductance shall be taken at temperature range within —25°C~ +85°C.
With reference to inductance value at +20°C., change rate shall be calculated.

NS101, NS125 Type :
Measurement of inductance shall be taken at temperature range within —40°C~ +-125°C.
Test Methods and | With reference to inductance value at +20°C., change rate shall be calculated.

Remarks Change of maximum inductance deviation in step 1 to 5
Step Temperature (°C)
1 20
2 Minimum operating temperature
3 20 (Standard temperature)
4 Maximum operating temperature
5 20

8. Resistance to flexure of substrate

NR30/40/50/60/80, NRV20/30,

NRH24/30, NRS20/40/50/60/80 Type No damage

Specified Val
peciied Value NR10050 Type -

NS101, NS125 Type No damage

NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NS101/125 Type :
The test samples shall be soldered to the test board by the reflow. As illustrated below, apply force in the direction of the arrow indicating
until deflection of the test board reaches to 2 mm.

Test board size :100%x40% 1.0 FocaPod | 20
Test board material : glass epoxy-resin Rzl
Solder cream thickness : 0.10 (NR30, NRS20, NRH24/30, NRV20/30) -
: 0.15 (NR40/50/60/80, NRS40/50/60, NS101/125Type) N N Heard L
4 T Tt Sample
Test Methods and Fin . |

A5t2mm A53-2mm

Remarks o \
Land dimension(NRS20, NRvzg)  Land dimension(Ns101)

. 2.0 L g 3z
0.65]0.7[0.65 |2-5 56(25
|

Land dimension (NRH24) Land dmension NFa0, NAHz0, NRVad)  Land dimension (NR40, NRS40) Land dimension (NR50, NRS50)  Land dimension (NRs0, NRS60) Land dimension(NR80, NRSS0)  Land dimension(NS125)
T

, -~ . i ] - — T
=S S I S ) S ) S ) i Il
0.7 075/ 07 0.8 14|08 121612 15 2.1'1.5’; 1.6 31@': 1.8 3.Bﬁr_ s z
L 1] | ! ! ! ! I || | |-—r|q—-|-¢—> ! | Iz.a 8.6 2.5!
Unit : mm

9. Insulation resistance : between wires

NR30/40/50/60/80, NRV20/30,

NRH24/30, NRS20/40/50/60/80 Type

Specified Value NR10050 Type -

NS101, NS125 Type

10. Insulation resistance : between wire and core

NR30/40/50/60/80, NRV20/30,

NRH24/30, NRS20/40/50/60/80 Type

Specified Value NR10050 Type -

NS101, NS125 Type

11. Withstanding voltage : between wire and core

NR30/40/50/60/80, NRV20/30,

NRH24/30, NRS20/40/50/60/80 Type

Specified Value NR10050 Type —

NS101, NS125 Type

> This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty—top.com/) .
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12. Adhesion of terminal electrode

Specified Value

NR30/40/50/60/80, NRV20/30,
NRH24/30, NRS20/40/50/60/80 Type

NR10050 Type Shall not come off PC board

NS101, NS125 Type

Test Methods and
Remarks

NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NS101/125 Type :
The test samples shall be soldered to the test board by the reflow.

Applied force
Duration

Solder cream thickness

NR10050 Type :
Applied force
Duration

: 10N to X and Y directions.

]
: Bs. |_|
:0.15mm. I:I * 10N, 55

: 5N to X and Y directions.
: bs.

13. Resistance to vibration

Specified Value

NR30/40/50/60/80, NRV20/30,

NRH24/30, NRS20/40/50/60/80 Type Inductance change : Within = 10%

NR10050 Type No significant abnormality in appearance.

NS101, NS125 Type

Test Methods and
Remarks

NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NR10050 Type, NS101/125 Type :
The test samples shall be soldered to the test board by the reflow.
Then it shall be submitted to below test conditions.

10~55Hz
1.5mm (May not exceed acceleration 196m/s?)
10Hz to 55Hz to 10Hz for 1min.

X
Time Y
z

Frequency Range
Total Amplitude
Sweeping Method

For 2 hours on each X, Y, and Z axis.

Recovery : At least 2hrs of recovery under the standard condition after the test, followed by the measurement within 48hrs.

14. Solderability

Specified Value

NR30/40/50/60/80, NRV20/30,
NRH24/30, NRS20/40/50/60/80 Type

NR10050 Type At least 90% of surface of terminal electrode is covered by new solder.

NS101, NS125 Type

Test Methods and
Remarks

The test samples shall be dipped in flux, and then immersed in molten solder as shown in below table.

Flux : Methanol solution containing rosin 25%.

NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NR10050 Type, NS101/125 Type
Solder Temperature 245+5°C
Time 5+1.0 sec.

XImmersion depth : All sides of mounting terminal shall be immersed.

15. Resistance to soldering heat

Specified Value

NR30/40/50/60/80, NRV20/30,

NRH24/30, NRS20/40/50/60/80 Type Inductance change : Within ==10%

NR10050 Type No significant abnormality in appearance.

NS101, NS125 Type

Test Methods and
Remarks

NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NR10050 Type, NS101/125 Type :
The test sample shall be exposed to reflow oven at 230=5°C for 40 seconds, with peak temperature at 260=£5°C for 5 seconds, 2 times.

NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80Type, NS101/125 Type
Test board material : glass epoxy-resin
Test board thickness  : 1.0mm

NR10050 Type
Test board material
Test board thickness

: glass epoxy-resin
: 1.6mm

> This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty—top.com/) .
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16. Thermal shock

Specified Value

NR30/40/50/60/80, NRV20/30,
NRH24/30, NRS20/40/50/60/80 Type

NR10050 Type
NS101, NS125 Type

Inductance change : Within =10%
No significant abnormality in appearance.

Test Methods and
Remarks

NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NR10050 Type, NS101/125 Type :
The test samples shall be soldered to the test board by the reflow. The test samples shall be placed at specified temperature for specified
time by step 1 to step 4 as shown in below table in sequence. The temperature cycle shall be repeated 100 cycles.

Conditions of 1 cycle
Step Temperature (°C) Duration (min)
1 —40=%3 30+3
2 Room temperature Within 3
3 +85+2 30+3
4 Room temperature Within 3

17. Damp heat

Specified Value

NR30/40/50/60/80, NRV20/30,
NRH24/30, NRS20/40/50/60/80 Type

Inductance change : Within 2=10%
No significant abnormality in appearance.

NR10050 Type

Inductance change : Within ®=10%

NS101, NS125 T
’ ype No significant abnormality in appearance.

Test Methods and

NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NS101/125 Type :
The test samples shall be soldered to the test board by the reflow.
The test samples shall be placed in thermostatic oven set at specified temperature and humidity as shown in below table.

Remarks Temperature 60%2°C

Humidity 90~ 95%RH

Time 500+24/—0 hour
18. Loading under damp heat

Specified Value

NR30/40/50/60/80, NRV20/30,
NRH24/30, NRS20/40/50/60/80 Type

NR10050 Type
NS101, NS125 Type

Inductance change : Within =10%
No significant abnormality in appearance.

Test Methods and
Remarks

NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NR10050 Type, NS101/125 Type :

The test samples shall be soldered to the test board by the reflow.

The test samples shall be placed in thermostatic oven set at specified temperature and humidity and applied the rated current
continuously as shown in below table.
60£2°C
90~95%RH
Rated current
500+24/—0 hour

Temperature
Humidity
Applied current

Time

19. Low temperatur

e life test

Specified Value

NR30/40/50/60/80, NRV20/30,
NRH24/30, NRS20/40/50/60/80 Type

NR10050 Type
NS101, NS125 Type

Inductance change : Within =10%
No significant abnormality in appearance.

Test Methods and
Remarks

NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NR10050 Type, NS101/125 Type :
The test samples shall be soldered to the test board by the reflow. After that, the test samples shall be placed at test conditions as shown
in below table.

—40+2°C
500+24/—0 hour

Temperature

Time

> This catalog contains the

typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
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20. High temperature life test

Specified Value

NR30/40/50/60/80, NRV20/30,
NRH24/30, NRS20/40/50/60/80 Type

NR10050 Type

Inductance change : Within =10%
No significant abnormality in appearance.

NS101, NS125 Type

Test Methods and
Remarks

NR10050 Type :

Temperature

105+3°C

Time

500+24/—0 hour

Recovery : At least 2hrs of recovery under the standard condition after the test, followed by the measurement within 48hrs.

21. Loading at high temperature life test

Specified Value

NR30/40/50/60/80, NRV20/30,
NRH24/30, NRS20/40/50/60/80 Type

Inductance change : Within =10%
No significant abnormality in appearance.

NR10050 Type

NS101, NS125 Type

Inductance change : Within 2=10%
No significant abnormality in appearance.

Test Methods and
Remarks

NR30/40/50/60/80, NRV30, NRH24/30, NRS40/50/60/80 Type, NS12555, NS12565, NS12575 Type :

The test samples shall be soldered to the test board by the reflow soldering.

Temperature

85+2°C

Applied current

Rated current

Time

500+24/—0 hour

22. Standard conditi

on

Standard test condition :
Unless otherwise specified, temperature is 20%+15°C and 65z 20%of
relative humidity.

NR30/40/50/60/80, NRV20/30,
NRH24/30, NRS20/40/50/60/80 Type

NR10050 Type

Specified Value When there is any question concerning measurement result: In order to
provide correlation data, the test shall be condition of 20£2°C of
temperature, 6515% relative humidity.

Inductance is in accordance with our measured value.

NS101, NS125 Type

> This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty—top.com/) .
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SMD inductor (NR[, NS series)

M PRECAUTIONS

1. Circuit Design

Precautions

@ Operating environment

damage. For such uses, contact TAIYO YUDEN Sales Department in advance.

1. The products described in this specification are intended for use in general electronic equipment,(office supply equipment,
telecommunications systems, measuring equipment, and household equipment). They are not intended for use in mission—critical
equipment or systems requiring special quality and high reliability (traffic systems, safety equipment, aerospace systems, nuclear
control systems and medical equipment including life—support systems,) where product failure might result in loss of life, injury or

2. PCB Design

Precautions

@ Land pattern design
1. Please refer to a recommended land pattern.

Technical
considerations

@ Land pattern design
Surface Mounting
» Mounting and soldering conditions should be checked beforehand.

= Applicable soldering process to this products is reflow soldering only.

3. Considerations for automatic placement

Precautions

@ Adjustment of mounting machine
1. Excessive impact load should not be imposed on the products when mounting onto the PC boards.
2. Mounting and soldering conditions should be checked beforehand.

Technical
considerations

@ Adjustment of mounting machine
1. When installing products, care should be taken not to apply distortion stress as it may deform the products.

4. Soldering

Precautions

@ Reflow soldering
1. Please contact any of our offices for a reflow soldering, and refer to the recommended condition specified.
2. The product shall be used reflow soldering only.

3. Please do not add any stress to a product until it returns in normal temperature after reflow soldering.
@®Lead free soldering

heat, soldering etc sufficiently.
@ Recommended conditions for using a soldering iron (NR10050 Type)
= Put the soldering iron on the land—pattern.
+ Soldering iron’s temperature — Below 350°C
= Duration — 3 seconds or less
= The soldering iron should not directly touch the inductor.

1. When using products with lead free soldering, we request to use them after confirming adhesion, temperature of resistance to soldering

Technical
considerations

@ Reflow soldering

degrade the reliability of the products.
+NR30/40/50/60/80, NRV20/30, NRH24/30, NRS20/40/50/60/80 Type, NR10050 Type, NS101/125 Type
Recommended reflow condition (Pb free solder)

__ 300 538G max
2 =y = Peak:
2 200 150180 250+5/—0°C
& I
i 30+10sac
O | - =
£ oo 90+30sec | 230°C min
ki I
o

Heating Time [sac]

1. If products are used beyond the range of the recommended conditions, heat stresses may deform the products, and consequently

5. Cleaning

Precautions

@ Cleaning conditions
1. Washing by supersonic waves shall be avoided.

Technical
considerations

@ Cleaning conditions
1. If washed by supersonic waves, the products might be broken.

> This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty—top.com/)
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6. Handling

Precautions

@ Handling
1. Keep the product away from all magnets and magnetic objects.
@ Breakaway PC boards (splitting along perforations)
1. When splitting the PC board after mounting product, care should be taken not to give any stresses of deflection or twisting to the board.
2. Board separation should not be done manually, but by using the appropriate devices.
@ Mechanical considerations
1. Please do not give the product any excessive mechanical shocks.
2. Please do not add any shock and power to a product in transportation.
@ Pick-up pressure
1. Please do not push to add any pressure to a winding part. Please do not give any shock and push into a ferrite core exposure part.
@ Packing
1. Please avoid accumulation of a packing box as much as possible.

Technical
considerations

@ Handling
1. There is a case that a characteristic varies with magnetic influence.
@ Breakaway PC boards (splitting along perforations)
1. The position of the product on PCBs shall be carefully considered to minimize the stress caused from splitting of the PCBs.
@®Mechanical considerations
1. There is a case to be damaged by a mechanical shock.
2. There is a case to be broken by the handling in transportation.
@Pick-up pressure
1. Damage and a characteristic can vary with an excessive shock or stress.
@ Packing
1. If packing boxes are accumulated, that could cause a deformation on packing tapes or a damage on the products.

7. Storage conditions

Precautions

@ Storage
1. To maintain the solderability of terminal electrodes and to keep the packing material in good condition, temperature and humidity in the

storage area should be controlled.

» Recommended conditions
Ambient temperature : —5~40°C
Humidity : Below 70% RH

* The ambient temperature must be kept below 30°C. Even under ideal storage conditions, solderability of products electrodes may
decrease as time passes.
For this reason, product should be used within 6 months from the time of delivery.
In case of storage over 6 months, solderability shall be checked before actual usage.

Technical
considerations

@ Storage
1. Under a high temperature and humidity environment, problems such as reduced solderability caused by oxidation of terminal electrodes
and deterioration of taping/packaging materials may take place.

> This catalog contains the typical specification only due to the limitation of space. When you consider the purchase of our products, please check our specification.
For details of each product (characteristics graph, reliability information, precautions for use, and so on), see our Web site (http://www.ty—top.com/)
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| [ ] \D LTT111

TECHNOLOGY Micropower

DC/DC Converter
Adjustable and Fixed 5V, 12V

FEATURES DESCRIPTION

= Operates at Supply Voltages from 2V to 30V The LT®1111 is a versatile micropower DC/DC converter.

= Works with Surface Mount Inductors The device requires only three external components to

= 72kHz Oscillator _ deliver a fixed output of 5V or 12V. Supply voltage ranges

= Only Threg External Components Required from 2V to 12V in step-up mode and to 30V in step-down

= Step-Up or Step-Down Mode _ mode. The LT1111 functions equally well in step-up, step-

u LOW'Battery Detector Comparator On'Ch|p down, or inverting app“cahons

= User Adjustable Current Limit

= |nternal 1A Power Switch The LT1111 oscillator is set at 72kHz, optimizing the

= Fixed or Adjustable Output Voltage Versions device to work with off-the-shelf surface mount inductors.

= Space Saving 8-Pin MiniDIP or SO-8 Package The device can deliver 5V at 100mA from a 3V input in
step-up mode or 5V at 200mA from a 12V input in step-

APPLICATIONS down mode.

= 3Vt 5V, 5V to 12V Gonverters Sw@tch current I!r_nit can be programmgd with a single

= 9V 105V, 12V to 5V Converters resn;tor. An auxiliary open-collectori gain block can be

= Remote Controls configured asalow-battgrydetector, I|nearpp§t regulator,

= Peripherals and Add-On Cards undervoltage lock-out circuit, or error amplifier.

= Battery Backup Supplies For input sources of less than 2V use the LT1110.

" Uninterrumible Squ”eS AT LTC and LT are registered trademarks of Linear Technology Corporation

= Laptop and Palmtop Computers

= Cellular Telephones

= Portable Instruments

= Flash Memory VPP Generators

Typical Load Regulation
All Surface Mount 3V to 5V Step-Up Converter 6
SUMIDA .
CD%‘;’fﬁOM MBRS120T3 TN N T
L sV =S Vy=2V 22 24 26 28 3V
3V INPUT NP J00mA g, 4 I |
=
ILm Vi S 3
SW1 z
+ + z
— —10pF*| LT1111CS8-5 —x T 5 2
SENSE ]
GND SW2
0
0 25 50 75 100 125 150 175 200
*OPTIONAL = LOAD CURRENT (mA)

LT1111 « TAOL LT1111 - TAO2
1111fd

LY LNER 1




LTT111

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage (Vin) «eeeeeereeereeeeeeeeeeeveie 36V Operating Temperature Range
SW1 Pin Voltage (Vgw1) coeeeeeererereeerereiieiecieiean 50V 0 T 0°C to 70°C
SW2 Pin Voltage (Vsy2) ..ceevevevererererereeee, -0.5Vto Viy LTI e —-40°C to 105°C
Feedback Pin Voltage (LT1111) oo, 5.5V LT1111M (OBSOLETE) ............. -55°C t0 125°C
Switch Current........coveeeeeeeeeee e 1.5A  Storage Temperature Range ................ -65°C to 150°C
Maximum Power Dissipation ............cc.ccceveuennee 500mW  Lead Temperature (Soldering, 10 sec)................. 300°C
PACKAGE/ORDER INFORMATION
TOP VIEW ORDER PART ORDER PART
14 . NUMBER NUMBER
W I N SEEEIOT: CT1111058
swi [3] ar LT1111CN8-5 I [1] 5] B (SENSE)* LT1111CS8-5
sw2 [4] 5] oo LT1111CN8-12 vin [2] 7] ser LT1111CS8-12
SW1 E E A0 LT1111|88
B-LEAD PLASTIC DIP sw2 [4] 5] 0 S8 PART MARKING
*FIXED VERSIONS S8 PACKAGE
Tymax = 90°C, B4 = 130°C/W (N) 8-LEAD PLASTIC SO j1| :II j] :II 5
18 PACKAGE LT1 1 1 1 MJ8 *FIXED VERSION
TR LTH11MJ8-5 T =50 = T il

OBSOLETE PACKAGE

Consider the N8 Package for Alternate Source

LT1111MJ8-12

Consult LTC Marketing for parts specified with wider operating temperature ranges.

GLGCTRICI'-IL CHHGHCTGI“ST'CS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C.Vy = 3V, Military or Commercial Version

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
lg Quiescent Current Switch OFF 300 400 PA
Vin Input Voltage Step-Up Mode ° 2.0 12.6 Y
Step-Down Mode ° 30.0 V

Comparator Trip Point Voltage LT1111 (Note 2) ° 1.20 1.25 1.30 Y

Vour Output Sense Voltage LT1111-5 (Note 3 ° 4.75 5.00 5.25 V
LT1111-12 (Note 3) o | 1140 1200 1260 \

Comparator Hysteresis LT1111 ° 8 12.5 mV

Output Hysteresis LT1111-5 ° 32 50 mV

LT1111-12 o 75 120 mV

fosc Oscillator Frequency 54 72 88 kHz
DC Duty Cycle: Step-Up Mode Full Load 43 50 59 %
Step-Down Mode 24 34 50 %

ton Switch ON Time: Step-Up Mode I Tied to Viy 5 7 9 s
Step-Down Mode Vout, =5V, Vi =12V 3.3 5 7.8 [

Vsat SW Saturation Voltage, Step-Up Mode Vin = 3.0V, Igy = 650mA 05 0.65 v
Vin=5.0V, Isw=1A 0.8 1.0 v

SW Saturation Voltage, Step-Down Mode Vin =12V, Igy = 650mA 1.1 1.5 Y




LTT111

ELGCTBIC“L CHHBHCTGBISTICS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C.Vy = 3V, Military or Commercial Version

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Irg Feedback Pin Bias Current LT1111, Vg = OV 70 120 nA
ISET Set Pin Bias Current Vet = VRer 70 300 nA
VoL Gain Block Output Low Isink = 300pA, Vger = 1.00V 0.15 0.4 v
Reference Line Regulation 5V <V <30V 0.02 0.075 %/V
2V<Vysbhv 0.20 0.400 %IV

Ay Gain Block Gain R. = 100k (Note 4) 1000 6000 VIV
ILim Current Limit 220Q from Iy to Vi 400 mA
Current Limit Temperature Coefficient -0.3 %/°C

Switch OFF Leakage Current Measured at SW1 Pin, Vg1 =12V 1 10 PA

Maximum Excursion Below GND Isw1< 10pA, Switch OFF -400 -350 mV

The « denotes the specifications which apply over the full operating temperature range, otherwise specifications are at Ty = 25°C.

Vin =3V, 0°C < Ty < 70°C unless otherwise noted.

LT1111C
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
lg Quiescent Current Switch OFF 300 450 PA
fose Oscillator Frequency 54 72 95 kH
DC Duty Cycle: Step-Up Mode Full Load 43 50 59 %
Step-Down Mode 24 34 50 %
ton Switch ON Time: Step-Up Mode I Tied to Vi 5.0 7 9.0 US
Step-Down Mode Vour =9V, Viy =12V 3.3 7.8 us
Reference Line Regulation 2V <V by 0.7 %/
VsaT SW Saturation Voltage, Step-Up Mode Viy =3V, Iy = 650mA . 0.65 V
SW Saturation Voltage, Step-Down Mode Vin =12V, Isw = 650mA 1.1 1.50 v

Note 1: Absolute Maximum Ratings are those values beyond which the life

of a device may be impaired.

Note 2: This specification guarantees that both the high and low trip points

of the comparator fall within the 1.20V to 1.30V range.

Note 3: The output voltage waveform will exhibit a sawtooth shape due to

the comparator hysteresis. The output voltage on the fixed output versions

will always be within the specified range.

Note 4: 100k resistor connected between a 5V source and the A0 pin.

1111fd
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TYPICAL PERFORMANCE CHARACTERISTICS

Oscillator Frequency

100

90

80

70

60

OSCILLATOR FREQUENCY (KHz)

50

40

-50

-25

0 25 50 75
TEMPERATURE (°C)

Duty Cycle

100 125

LT1111 « TPCOL

60

58
56

54

52

50

48

DUTY CYCLE (%)

46

44

42
40

=50

-25

0 25 50
TEMPERATURE (°C)

Switch ON Voltage
Step-Down Mode

75

100 125

LT1111 - TPCO4

1.75

Vi = 12V
lsyy = 650mA

ON VOLTAGE (V
5
/r

0.75

0.50
=50

-25

0 25 50
TEMPERATURE (°C)

75

100 125

LT1111 - TPCO7

FREQUENCY (KHz)

SATURATION VOLTAGE (V)

ON VOLTAGE (V)

75
74

73
72
7
70
69
68
67

1.0
0.9
0.8
0.7
0.6
05
0.4
0.3
0.2
0.1

0
-50

1.2

1.0

0.8

0.6

0.4

0.2

Oscillator Frequency

0 3 6

9 12 15 18 21
INPUT VOLTAGE (V)

Saturation Voltage
Step-Up Mode

24 27 30

LT1111 « TPCO2

T
Vi =3V

B |SW =650mA

-25

0 25 50 75
TEMPERATURE (°C)

Switch ON Voltage
. Step-Down Mode

100 125

LT1111 - TPCO5

Vi = 12V

/

0 0.2

04 0.6
SWITCH CURRENT (A)

0.8 1.0

LT1111 « TPCO8

SATURATION VOLTAGE (V) ON TIME (pis)

OSCILLATOR FREQUENCY (KHz)

Switch ON Time
10
9.5
9.0
8.5
8.0 N
7.5
7.0 ~—
\
6.5 E—
6.0
55
5.0
-50 -25 0 25 50 75 100 125
TEMPERATURE (°C)
Saturation Voltage
Step-Up Mode
1.4 ‘
Vi =3V
1.2 v o,
IN =
y V.
. / /
0.8
/’ vy = 5V
0.4
0.2
0
0 02 04 06 08 10 12 14 16
SWITCH CURRENT (A)
LT1111 « TPCO6
Minimum/Maximum Frequency
vs ON Time
0
90 \\\
0°C<Tp<70°C
L— A
NN
70 \\\ \
\% N\
N\ N
60 N A
50
4
-55°C < T < 125°C
40 L1
4 5 6 7 8 9 10 11 12
SWITCH ON TIME (us)

LT1111« TPCO9




LTT111

TYPICAL PERFORMANCE CHARACTERISTICS

Maximum Switch Current

Quiescent Current Quiescent Current vs Ry
15
14
380 450 13
= 360 = 400 12 \
r_:ﬁ 340 2 < 11
Z 320 = 350 ) A AT R
—
% L g // E 0.9 N 2VSV|NS5V
ju )
3 800 = 3 300 > S 08 NC
= 280 = L~ 2 o7 N
[} & 250 ] ,L_> 0.6 N N
& 260 3" 7 =i STEP-DOWN [N\
= S 200 » 05— Vi = 12V
240 S 04 N
220 150 0.3 i Sel
0.2
200 100 0.1
0 3 6 9 12 15 18 21 24 27 30 _50 -25 0 25 50 75 100 125 10 100 1000
INPUT VOLTAGE (V) TEMPERATURE (°C) Rum (Q)
LTLLLL- TPC10 LT1111+ TPC11 LT1111 - TPC12
Set Pin Bias Current Feedback Bias Current
100 100
90 90
80 80
=z 70 =z 70 —
= = |
= 60 £ 60 L
& = ]
£ 90 < 50
3 3
% 40 % 40
@ 30 @ 30
20 20
10 10
0 0
50 25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125

TEMPERATURE (°C)

LT1111+ TPC13

TEMPERATURE (°C)

LT1111 + TPC14

PIN FUNCTIONS

ILim (Pin 1): Connect this pinto V,y for normal use. Where
lower current limit is desired, connect a resistor between
I v and Viy. A 220Q resistor will limit the switch current
to approximately 400maA.

Vin (Pin 2): Input Supply Voltage.
SW1 (Pin 3): Collector of Power Transistor. For step-up

mode connect to inductor/diode. For step-down mode
connect to V.

SW2 (Pin 4): Emitter of Power Transistor. For step-up
mode connect to ground. For step-down mode connect to
inductor/diode. This pin must never be allowed to go more
than a Schottky diode drop below ground.

GND (Pin 5): Ground.

A0 (Pin 6): Auxiliary Gain Block (GB) Output. Open collector,
can sink 300pA.
SET (Pin7): GB Input. GB is an op amp with positive input
connected to SET pin and negative input connected to
1.25V reference.

FB/SENSE (Pin 8): On the LT1111 (adjustable) this pin
goes to the comparator input. On the LT1111-5 and
LT1111-12, this pingoestotheinternal application resistor
that sets output voltage.

1111fd
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BLOCK DIRGRAMS

LT1111 LT1111-5/LT1111-12
SET — +
SET — + A2 A
A2 A0 °
_ Vin
Vi GAIN BLOCK/
GAIN BLOCK/ ERROR AMP
| ERROR AMP ILim SW1
[Lim SW1
1.25V
1.25V REFERENCE
REFERENCE OSCILLATOR
OSCILLATOR
DRIVER
DRIVER COMPARATOR
COMPARATOR R2 Sw2
sw2 R1 220k LT1111-5: R = 73.5
GND FB LT1111 - BDOL —AM\— SENSE LT1111-12: R1 = 25.5k
GND LT1111 - BDO2

The LT1111 is a gated oscillator switcher. This type
architecture has very low supply current because the
switch is cycled when the feedback pin voltage drops
below the reference voltage. Circuit operation can best be
understood by referring to the LT1111 block diagram.
Comparator A1 compares the feedback (FB) pin voltage
with the 1.25V reference signal. When FB drops below
1.25V, A1 switches on the 72kHz oscillator. The driver
amplifier boosts the signal level to drive the output NPN
power switch. The switch cycling action raises the output
voltage and FB pin voltage. When the FB voltage is suffi-
cient to trip A1, the oscillator is gated off. A small amount
of hysteresis built into A1 ensures loop stability without
external frequency compensation. When the comparator
outputis low, the oscillator and all high current circuitry is
turned off, lowering device quiescent currentto just 300uA.

The oscillatoris setinternally for 7us ON time and 7us OFF
time, optimizing the device for circuits where Voyrand Viy
differ by roughly afactor of 2. Examplesinclude a 3Vto 5V
step-up converter or a 9V to 5V step-down converter.

Gain block A2 can serve as a low-battery detector. The
negative input of A2 is the 1.25V reference. A resistor
divider from V,y to GND, with the mid-point connected to
the SET pin provides the trip voltage in a low-battery
detector application. AO can sink 300upA (use a 22k
resistor pull-up to 5V).

A resistor connected between the Iy pin and V) sets
maximum switch current. When the switch current ex-
ceeds the set value, the switch cycle is prematurely
terminated. If current limitis not used, Iy should be tied
directly to Vjy. Propagation delay through the current limit
circuitry is approximately 1ps.

In step-up mode the switch emitter (SW2) is connected to
ground and the switch collector (SW1) drives the induc-
tor; in step-down mode the collector is connected to Vy
and the emitter drives the inductor.

The LT1111-5and LT1111-12 are functionally identical to
the LT1111. The -5 and -12 versions have on-chip voltage
setting resistors for fixed 5V or 12V outputs. Pin 8 on the
fixed versions should be connected to the output. No
external resistors are needed.
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APPLICATIONS INFORMATION

Inductor Selection — General

A DC/DC converter operates by storing energy as mag-
netic flux in an inductor core, and then switching this
energy into the load. Since it is flux, not charge, that is
stored, the output voltage can be higher, lower, or oppo-
site in polarity to the input voltage by choosing an
appropriate switching topology. To operate as an efficient
energy transfer element, the inductor must fulfill three
requirements. First, the inductance must be low enough
for the inductor to store adequate energy under the worst
case condition of minimum input voltage and switch-on
time. The inductance must also be high enough so maxi-
mum current ratings of the LT1111 and inductor are not
exceeded at the other worst case condition of maximum
input voltage and ON time. Additionally, the inductor core
must be able to store the required flux; i.e., it must not
saturate. At power levels generally encountered with
LT1111 based designs, small surface mount ferrite core
units with saturation current ratings in the 300mA to 1A
range and DCR less than 0.4Q (depending on application)
are adequate. Lastly, the inductor must have sufficiently
low DC resistance so excessive power is not lost as heat
in the windings. An additional consideration is Electro-
Magnetic Interference (EMI). Toroid and pot core type
inductors are recommended in applications where EMI
must be kept to a minimum; for example, where there are
sensitive analog circuitry or transducers nearby. Rod core
types are a less expensive choice where EMI is not a
problem. Minimum and maximum input voltage, output
voltage and output current must be established before an
inductor can be selected.

Inductor Selection — Step-Up Converter

In a step-up, or boost converter (Figure 4), power gener-
ated by the inductor makes up the difference between
input and output. Power required from the inductor is
determined by:

PL= (VOUT +Vp - VN MIN) (|OUT) (

where Vpis the diode drop (0.5V fora 1N5818 Schottky).
Energy required by the inductor per cycle must be equal or
greater than:

PL/fosc )
in order for the converter to regulate the output.

When the switch is closed, current in the inductor builds
according to:

-R't
V| e L

ILt)=—"

I

&)

o d
[ |

where R’ is the sum of the switch equivalent resistance
(0.8Q typical at 25°C) and the inductor DC resistance.
Whenthe drop across the switch is small compared to Vyy;,
the simple lossless equation:

|L(t):VLLNt @)

can be used. These equations assume that at t = 0,
inductor current is zero. This situation is called “discon-
tinuous mode operation” in switching regulator parlance.
Setting “t” to the switch-on time from the LT1111 speci-
fication table (typically 7us) will yield Ipgak for a specific
“L” and V). Once Ipgak is known, energy in the inductor
at the end of the switch-on time can be calculated as:

1
ELZEUI%EAK ()

EL must be greater than P /fggc for the converter to deliver
the required power. For best efficiency lpgak should be
kept to 1A or less. Higher switch currents will cause
excessive drop across the switch resulting in reduced
efficiency. In general, switch current should be held to as
low a value as possible in order to keep switch, diode and
inductor losses at a minimum.

As an example, suppose 12V at 60mA is to be generated
from a 4.5V to 8V input. Recalling equation (1),

PL=(12V + 0.5V - 4.5V)(60mA) = 480mW ()

Energy required from the inductor is
PL _480mW _

6.7ud /
fosc  72kHz H )

1111fd
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Picking an inductor value of 47uH with 0.2Q DCR results
in a peak switch current of:

45y O -1.0Qe7ps J
lpeak = —— H—¢ 47uH  U=g23mA. 8
PEAK =0 B S ©)

Substituting lpgak into Equation 4 results in:

EL = % (47,1H) (0.623A) 2 = 9.1 o)

Since 9.1ud > 6.7ud, the 47uH inductor will work. This
trial-and-error approach can be used to select the opti-
mum inductor. Keep in mind the switch current maximum
rating of 1.5A. If the calculated peak current exceeds this,
consider using the LT1110. The 70% duty cycle of the
LT1110 allows more energy per cycle to be stored in the
inductor, resulting in more output power.

Aresistor can be added in series with the Iy pinto invoke
switch current limit. The resistor should be picked so the
calculated Ipgak at minimum Vyy is equal to the Maximum
Switch Current (from Typical Performance Characteristic
curves). Then, as V) increases, switch current is held
constant, resulting in increasing efficiency.

Inductor Selection — Step-Down Converter

The step-down case (Figure 5) differs from the step-up in
that the inductor current flows through the load during
both the charge and discharge periods of the inductor.
Current through the switch should be limited to ~650mA
in this mode. Higher current can be obtained by using an
external switch (see Figure 6). The Iy pin is the key to
successful operation over varying inputs.

After establishing output voltage, output currentand input
voltage range, peak switch current can be calculated by the
formula:

2lour U Vout +Vp E
DC IN—Vsw +Vp g

where DC = duty cycle (0.50)
Vg = switch drop in step-down mode

(10)

lPEAK =

Vp = diode drop (0.5V for a 1N5818)
loyT = output current

Vour = output voltage

Viy = minimum input voltage

Vgwisactually a function of switch current whichisinturn
a function of Vyy, L, time, and Voyt. To simplify, 1.5V can
be used for Vgyy as a very conservative value.

Once lpgak is known, inductor value can be derived from:

_ Vinmin —Vsw —Vour |
|PEAK

L ton 11

where tgy = switch-on time (7us).

Next, the current limit resistor Ry is selected to give
lpeak from the Ry Step-Down Mode curve. The addition
of this resistor keeps maximum switch current constantas
the input voltage is increased.

As an example, suppose 5V at 300mA is to be generated
from a 12V to 24V input. Recalling Equation (10),

2(300mA) O O
( ) 5+0.5 F= 600mA
0.50

12
2-15+05F s

lpEAK =

Next, inductor value is calculated using Equation (11):

L= 12-15-5
600mA
Use the next lowest standard value (56pH).

7us = 64pH. (13)

Then pick Ry from the curve. For lpgak = 600mA, Ry im
= 56Q.

Inductor Selection — Positive-to-Negative Converter

Figure 7 shows hookup for positive-to-negative conver-
sion. All of the output power must come from the inductor.
In this case,

P = (Wour+ Vp) (lour) (14)

In this mode the switch is arranged in common collector
or step-down mode. The switch drop can be modeled as
a0.75V source in series with a 0.65Q resistor. When the

1111fd
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switch closes, current in the inductor builds according to

y O RO
IL(t):—'LDI—e L O (15)
R H H
where R' = 0.65Q + DCR|_
Vi =V)y-0.75V

As an example, suppose -5V at 50mA is to be generated
from a 4.5V to 5.5V input. Recalling Equation (14),

P, = (+5V+0.5V) (50mA) = 275mW (16)
Energy required from the inductor is:
PL _275mW _ g g (17)

fosc  72kHz

Picking an inductor value of 56puH with 0.2Q DCR results
in a peak switch current of:

(45v-075v) O 0dsexTusD
lpeAK = _g 56uH Ez A45mA.
(0.650+0.20) 0

Substituting lpgak into Equation (4) results in:

EL = % (56uH) (0.445A) 2 = 5 54 (19)

Since 5.94pd > 3.82ud, the 56uH inductor will work.

With this relatively small input range, Ry is not usually
necessary and the I,y pin can be tied directly to V. Asin
the step-down case, peak switch current should be limited
to ~650maA.

Capacitor Selection

Selecting the right output capacitor is almost as important
as selecting the right inductor. A poor choice for a filter
capacitor can result in poor efficiency and/or high output
ripple. Ordinary aluminum electrolytics, while inexpensive
and readily available, may have unacceptably poor
equivalent series resistance (ESR) and ESL (inductance).
There are low ESR aluminum capacitors on the market

specifically designed for switch mode DC/DC converters
which work much better than general-purpose units.
Tantalum capacitors provide still better performance at
more expense. We recommend 0S-CON capacitors from
Sanyo Corporation (San Diego, CA). These units are
physically quite small and have extremely low ESR. To
illustrate, Figures 1,2, and 3 show the output voltage ofan
LT1111 based converter with three 100uF capacitors. The
peak switch currentis 500mA in all cases. Figure 1 shows
a Sprague 501D, 25V aluminum capacitor. Voyt jumps by
over 120mV when the switch turns off, followed by a drop
in voltage as the inductor dumps into the capacitor. This
works out to be an ESR of over 0.24Q. Figure 2 shows the
same circuit, but with a Sprague 150D, 20V tantalum
capacitor replacing the aluminum unit. Output jump is
now about 35mV, corresponding to an ESR of 0.07Q.
Figure 3 shows the circuit with a 16V 0S-CON unit. ESR
is now only 0.02Q.

50mV/DIV

LT1111 < FO1

5ps/DIV
Figure 1. Aluminum

50mV/DIV

LT1111 « FO2

5usDIV |
Figure 2. Tantalum

50mV/DIV

LT1111 < FO1

5ps/DIV
Figure 3. 0S-CON

1111fd
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Diode Selection

Speed, forward drop, and leakage current are the three
main considerations in selecting a catch diode for LT1111
converters. General purpose rectifiers such as the 1N4001
are unsuitable for use in any switching regulator applica-
tion. Although they are rated at 1A, the switching time of
a 1N4001 is in the 10us to 50us range. At best, efficiency
will be severely compromised when these diodes are
used; at worst, the circuit may not work at all. Most
LT1111 circuits will be well served by a 1N5818 Schottky
diode, or its surface mount equivalent, the MBRS130T3.
The combination of 500mV forward drop at 1A current,
fast turn ON and turn OFF time, and 4pA to 10pA leakage
current fit nicely with LT1111 requirements. At peak
switch currents of 100mA or less, a 1N4148 signal diode
may be used. This diode has leakage currentin the 1nAto
5nArangeat25°Cand lower costthana 1N5818. (You can
also use them to get your circuit up and running, but
beware of destroying the diode at 1A switch currents.)

Step-Up (Boost Mode) Operation

A step-up DG/DC converter delivers an output voltage
higher than the input voltage. Step-up converters are not
short-circuit protected since there is a DC path from input
to output.

The usual step-up configuration for the LT1111 is shown
in Figure 4. The LT1111 first pulls SW1 low causing Vy —
VeesaTtoappearacross L1. Acurrentthen buildsupinL1.

L1 D1
Vin ¢ — Vour
LT
R2
ILim Vi
SW1
fud I
LT1111  FB —=Ci
GND SW2 R1

*OPTIONAL =

LT1111« FO4

Figure 4. Step-Up Mode Hookup.
Refer to Table 1 for Component Values.

At the end of the switch ON time the current in L1 is’:

V

lpeak = %\I ton (20)
Immediately after switch turn-off, the SW1 voltage pin
starts to rise because current cannot instantaneously stop
flowing in L1. When the voltage reaches Voyt + Vp, the
inductor current flows through D1 into C1, increasing
Vout- This action is repeated as needed by the LT1111 to
keep Vg at the internal reference voltage of 1.25V. R1 and
R2 set the output voltage according to the formula

0 RoU
Vour = [+ EHO .25v) 1)

Step-Down (Buck Mode) Operation

A step-down DC/DC converter converts a higher voltage
toalower voltage. The usual hookup foran LT1111 based

step-down converter is shown in Figure 5.
Viv —e ?

R3
100Q
+ lm Vv SWA

C2

FB
LT1111
L1
= SW2 Vour
GND R2
D1

1N5818 1

+
C

R1
T

LT1111 « FO5

Figure 5. Step-Down Mode Hookup

When the switch turns on, SW2 pulls up to Vjy—Vsy. This
puts a voltage across L1 equal to Viy = Vsw = Vour,
causing acurrentto build up in L1. Atthe end of the switch
ON time, the current in L1 is equal to:

Vin=Vsyw =V
IPEAK = SY_V out ton (22)

Note 1: This simple expression neglects the effect of switch and coil

resistance. This is taken into account in the “Inductor Selection” section.
1111fd
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When the switch turns off, the SW2 pin falls rapidly and
actually goes below ground. D1 turns on when SW2
reaches 0.4V below ground. D1 MUST BE A SCHOTTKY
DIODE. The voltage at SW2 must never be allowed to go
below—0.5V. Asilicon diode such as the 1TN4933 will allow
SW2togoto—-0.8V, causing potentially destructive power
dissipation inside the LT1111. Qutput voltage is deter-
mined by:

0 RroO
Vour =1+ EHO .25v)

R3 programs switch current limit. This is especially impor-
tant in applications where the input varies over a wide
range. Without R3, the switch stays on forafixed time each
cycle. Under certain conditions the currentin L1 can build
up to excessive levels, exceeding the switch rating and/or
saturating the inductor. The 100Q resistor programs the
switch to turn off when the current reaches approximately
700mA. When using the LT1111 in step-down mode,
output voltage should be limited to 6.2V or less. Higher
output voltages can be accommodated by inserting a
1N5818 diode in series with the SW2 pin (anode con-
nected to SW2).

(23)

Higher Current Step-Down Operation

Output current can be increased by using a discrete PNP
pass transistor as shown in Figure 6. R1 serves as a
current limit sense. When the voltage drop across R1
equals a Vg, the switch turns off. For temperature com-
pensation a Schottky diode can be inserted in series with
the I v pin. This also lowers the maximum drop across R1
to Vgg — Vp, increasing efficiency. As shown, switch
current is limited to 2A. Inductor value can be calculated
based on formulas in the “Inductor Selection — Step-
Down Converter” section with the following conservative
expression for Vgy:

Vsw =VR1 + Vaisar =1.0V (24)

R2 providesacurrent path toturn off Q1. R3 provides base
driveto Q1. R4 and R5 set output voltage. APMOS FET can
be used in place of Q1 when V,y is between 10V and 20V.

Q1

R1 MJE210 OR
Vin 0.3Q ZETEX ZTX749 L1
30V M Vout

MAX

\I’\.‘J
/1

Vour=1.25v (1+84)

LT1111 - TA08

Ll

Figure 6. Q1 Permits Higher Current Switching.
LT1111 Functions as Controller.

Inverting Configurations

The LT1111 can be configured as a positive-to-negative
converter (Figure 7), or a negative-to-positive converter
(Figure 8). In Figure 7, the arrangement is very similar to
a step-down, except that the high side of the feedback is
referred to ground. This level shifts the output negative. As
in the step-down mode, D1 must be a Schottky diode,
and CWgytshould be less than 6.2V. More negative out-
putvoltages can be accommodated as in the prior section.

= ILim

Vin  SW1
FB

LT1111
L1

Sw2
GND R1

D1 +
1N5818 C1
| R2
® ® — ~Vour

T1111 « FO7

Figure 7. Positive-to-Negative Converter

In Figure 8, the input is negative while the output is
positive. In this configuration, the magnitude of the input
voltage can be higher or lower than the output voltage. A
level shift, provided by the PNP transistor, supplies proper
polarity feedback information to the regulator.

1111fd
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L1 D1
¢ Y —g—P Vour
= M Vi 2N3906
swi
+ =
—=c LT1111
AO FB * LT1111 - FO8
GND  Sw2 .
R1
Vour = (55 ) 1:25V + 0.6V
Vi l l o ( R2 )

Figure 8. Negative-to-Positive Converter

Using the Iy Pin

The LT1111 switch can be programmed to turn off at a set
switch current, a feature not found on competing devices.
This enables the input to vary over a wide range without
exceeding the maximum switch rating or saturating the
inductor. Consider the case wh  ere analysis shows the
LT1111 must operate at an 800mA peak switch current
with a 2V input. If V) rises to 4V, the peak switch current
will rise to 1.6A, exceeding the maximum switch current
rating. With the proper resistor selected (see the “Maxi-
mum Switch Current vs I ;0" characteristic), the switch
current will be limited to 800mA, even if the input voltage
increases.

Another situation where the I feature is useful occurs
when the device goes into continuous mode operation.
This occurs in step-up mode when:

Vout * Vpiope _
Vin-Vsy _ 1-DC

(25)

When the input and output voltages satisfy this relation-
ship, inductor current does not go to zero during the
switch OFF time. When the switch turns on again, the
current ramp starts from the non-zero current level inthe
inductor just prior to switch turn-on. As shown in Figure
9,theinductorcurrentincreases toa high level before the
comparator turns off the oscillator. This high current can
cause excessive output ripple and requires oversizing the
output capacitor and inductor. With the Iy feature,
however, the switch current turns off at a programmed
level as shown in Figure 10, keeping output ripple to a
minimum.

SWITCH
0

ON
a1 L1 1

Figure 9. No Current Limit Causes Large Inductor
Current Build-Up

R

LT1111 « FO9

PROGRAMMED CURRENT LIMIT

[ I B

LT1111 « F10

ON
SWITCH
OFF

Figure 10. Current Limit Keeps Inductor Current Under Control

Figure 11 details current limit circuitry. Sense transistor
Q1, whose base and emitter are paralleled with power
switch Q2, is ratioed such thatapproximately 0.5% of Q2’s
collector current flows in Q1’s collector. This current is
passed through internal 80Q resistor R1 and out through
the Iy pin. The value of the external resistor connected
between Iy and V) sets the current limit. When suffi-
cient switch current flows to develop a Vgg across R1 +
Ry, Q3 turns on and injects current into the oscillator,
turning off the switch. Delay through this circuitry is
approximately 1us. The current trip point becomes less
accurate for switch ON times less than 3us. Resistor
values programming switch ON time for 1us or less will
cause spurious response in the switch circuitry although
the device will still maintain output regulation.

Rum
(EXTERNAL)
MN-

Vin

. (INTERNAL)

SW1

DRIVER

OSCILLATOR

SW2

LT1111«F11

Figure 11. LT1111 Current Limit Gircuitry
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Using the Gain Block

The gain block (GB) onthe LT1111 can be used asan error
amplifier, low-battery detector or linear post regulator.
Thegainblockitselfisavery simple PNPinput opamp with

when the trip point is reached. Values in the 1M to 10M
range are optimal. However, the addition of R3 will
change the trip point.

5V

an open collector NPN output. The negative input of the % REEER VI,N %m
gain block is tied internally to the 1.25V reference. The R [ 405y )
positive input comes out on the SET pin. REF |~ A0 10
Arrangement of the gain block as a low-battery detector  Vesr = SHl M PROCESSOR
is straightforward. Figure 12 shows hookup. R1 and R2 T ol R1 %
need only be low enough in value so that the bias current R2 - VL5 = BATTERY TRIP POINT
of the SET input does not cause large errors. 33k for R2 A b
isadequate. R3 can beaddedtointroduce asmallamount 1
of hysteresis. This will cause the gain block to “snap” - _ oo
Figure 12. Setting Low-Battery Detector Trip Point
Table 1. Component Selection for Common Converters
INPUT OUTPUT OUTPUT CIRCUIT | INDUCTOR INDUCTOR CAPACITOR
VOLTAGE | VOLTAGE | CURRENT (MIN) | FIGURE VALUE PART NUMBER VALUE NOTES
210 3.1 5 90mA 4 15uH S CD75-750K 33uF .
210 3.1 5 10mA 4 47uH S CD54-470K, C CTX50-1 10uF
210 3.1 12 30mA 4 15uH S CD75-150K 224F
210 3.1 12 10mA 4 47uH S CD54-470K, C CTX50-1 10uF
5 12 90mA 4 33uH S CD75-330K 224F
5 12 30mA 4 47uH S CD75-470K, C CTX50-1 15uF
6510 11 5 50mA 5 15uH S CD54-150K 47uF -
120 20 5 300mA 5 56uH S CD105-560K, C CTX50-4 47uF -
20 t0 30 5 300mA 5 120puH S CD105-121K, C CTX100-4 47uF "
5 -5 75mA 6 56uH S CD75-560K, C CTX50-4 47uF
12 -5 250mA 6 120uH S CD105-121K, C CTX100-4 100pF "
S = Sumida * Add 47Q from Iy to Vi
C = Coiltronics ~ ** Add 220Q from I to Vin
Table 2. Inductor Manufacturers Table 3. Capacitor Manufacturers
MANUFACTURER PART NUMBERS MANUFACTURER PART NUMBERS
Coiltronics Incorporated CTX100-4 Series Sanyo Video Components 0S-CON Series

6000 Park of Commerce Blvd. Surface Mount
Boca Raton, FL 33487

407-241-7876

1201 Sanyo Avenue
San Diego, CA 92073
619-661-6322

Toko America Incorporated Type 8RBS Nichicon America Corporation PL Series
1250 Feehanville Drive 927 East State Parkway
Mount Prospect, IL 60056 Schaumberg, IL 60173
312-297-0070 708-843-7500
Sumida Electric Co. USA CD54 Sprague Electric Company 150D Solid Tantalums
708-956-0666 CDR74 Lower Main Street 550D Tantalex
CDR105 Sanford, ME 04073
Surface Mount 207-324-4140
Matsuo 267 Series

714-969-2491

Surface Mount

1111fd
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3V to —22V LCD Bias Generator

L1*
27uH 1N4148
o YY"\ ’I
R1
100Q
732
Iim Vin S1%
SW1
2x 15V ==
CELLs =3V LT1111 Lo
FB T
GND SW2 +
< ATUF
:; 39.2k
1%
MBRS130T3 <_1_ A’ VBRS130T3
J 1 L
T 22uF 220k
* L1 = SUMIDA CD54-270K |
FOR 5V INPUT CHANGE R1 T0 47Q. ® ® -22V QUTPUT
CONVERTER WILL DELIVER —22V AT 40mA.

7mA AT 2V INPUT

LT1111 + TAO3

9V to 5V Step-Down Converter

:

100Q
Iim Vin
SW1
v =
BATTERY = LT1111-5
SENSE
GND SW2 L1*

MBRS130T3

* L1 = SUMIDA CD54-150K

,.l:zzpF
L

5V to -5V Converter

20V to 5V Step-Down CGonverter

Vi
12V 10O 28V
31000
ILim Vi
SWi1
LT1111-5
SENSE
GND SW2 L1*
5V OUTPUT
p—— 150mA AT 9V INPUT g\OIO?HU/;rPUT
50mA AT 6.5V INPUT
— 47uF

LT1111 + TAO4

LT1111 + TAOG

Voltage Controlled Positive-to-Negative Converter

Vig . ZETEX! L1*
20pH, 3A
5V INPUT Viy 0.220 ZTX788A . )
100Q 5V T0 12V VWV I [ I 1
+ -
BAT54 > MBRD320 47uF
ILim Vin S 2200 "
SW1 9 —Vour =-5.13 x Vg
o v | 2W MAXIMUM OUTPUT
2F A< LT1111-5 i L'g"w NIV
SENSE
LT1111
GND SW2 L1+ Vg (OV TO 5V)
— FB
- SW2
MBRS130T3 J_-
T 33uF S—
I —5V OUTPUT L L L
- - 75mA = = =
* L1= SUMIDA CD54-330K * L1 = COILTRONICS CTX20-4 LT1111 - TAO7
FH A T ZETEX INC. 516-543-7100
1111fd
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PACKAGE DESCRIPTION

J8 Package
8-Lead CERDIP (Narrow .300 Inch, Hermetic)
(Reference LTC DWG # 05-08-1110)

0.405
0200  0.005 (1,&5\?(7)
(gggg g:g) CORNER( ‘I'.%LI\_%E)OPTION (5.080) (0.127) | ‘«
: MAX  MIN 5]
8] [7] [6] [5]
] —{ ( )
— 0.015 - 0.060
| | -+ % (73252:??;‘2) 3k $1-524) 0.025 D 0.220- 0310
} HALF LEAD L R(g-[?ﬁ)P (5.588 - 7.874)
T/« 0.008-0.018 0 150 OPTION 7¢ L l
(0.203 - 0.457) 0045-0.068 ||| | L p,
. (1.143-1.727) 1 2 3] [4
FULL LEAD 0.045— 0,065 . IR E N EI
PTION )
OPTIO (1.143-1.651) g%
NOTE: LEAD DIMENSIONS APPLY TO SOLDER MIN
DIP/PLATE OR TIN PLATE LEADS 0014-0026 || _ <« 0100
(0.360 - 0.660) (2.54) J81288
BSC
N8 Package
8-Lead PDIP (Narrow .300 Inch)
(Reference LTC DWG # 05-08-1510)
0.400*
(10.160)
e(gggg . gggg)ﬁ | (?(1]32 . ?gg?) »‘ h (gégg . 3?23) MAX
N o i ] [7] [6] [s]
(%215) | ¢ 0.255 + 0.015* )
0.009-0.015 |l TYP Toom T (6.477£0.381)
(0.229-0.381) [ 0125
0.035 (G1r) D20
+0. —  MIN (0.508) 1l |2 3| |4
0.325
‘e 0015 | 0.100 001840003  MIN DR EI R ERt
8.255 +0-889 (2.54) T (0457 £ 0.076)
oYY -0.381 Y ! - Ng 1098
BSC
*THESE DIMENSIONS DO NOT INGLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm)
S8 Package
8-Lead Plastic Small Outline (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1610)
0.189-0.197*
 (4.801-5.004)
0.010-0.020
0.010-0020 , yoo ) 0.053 - 0,069 g 7 6 5
(0.254 - 0.508) ‘ 5% -1752) H H H H
0.008 - 0.010 0.004 - 0.010
(0.203- 0.254) 0°-8° TYP (0.101 - 0.254)
ij:j Lj —:D:D:D:D:ﬁ 0.228 - 0.244 0.150 - 0.157**
0.016 - 0.050 _ (5.791-6.197) (3.810-3.988)
T ~— (0406-1270) 0.014-0.019 »‘ ‘e ‘ 0.050
(0.355 - 0.483) (1.270)
TP BSC
*DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH o
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE
**DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD -

~[]
Nam
o]
Num

FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE
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Information furnished by Linear Technology Corporation is believed to be accurate and reliable. However,
| EAQ no responsibility is assumed for its use. Linear Technology Corporation makes no representation that 5
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the interconnection of its circuits as described herein will not infringe on existing patent rights.
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TYPICAL APPLICATIONS

High Power, Low Quiescent Current Step-Down Converter

L1+
Vi 0.220 MTM20P08 10u#t, 3A 5V
8V T0 18V 500mA
+
BAT4 2 510 A\’ MBRD320 2204F
T 2N3904 I
Vi ILim — —
SWA ® ! = =
1N4148
LT1111
121k
FB * MN
GND SW2
40.2k
J_ J_ % * L1 = SUMIDA CDR105-100M
OPERATE [ STANDBY ——p—— -
PART NUMBER DESCRIPTION COMMENTS
LT1070/LT1070HV 5A Isw, 40kHz, High Efficiency Vin = 3V to 40V/60V, Voyt = 65V/75V, Ig = 6mA, Igp = <50pA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, T0220-5 Package
LT1071/LT1071HV 2.5A Iy, 40kHz, High Efficiency Vin = 3V to 40V/60V, Voyt = 65V/75V, Ig = 6mA, Igp = <50pA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, N8, S8, S16, T0220-5 Packages
LT1072/LT1072HV 1.25A lgw, 40kHz, High Efficiency Vin = 3V to 40V/60V, Voyt = 65V/75V, Ig = 6mA, Igp = <50pA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, N8, S8, S16, T0220-5 Packages
LT1082 1A Igw, 60kHz, High Efficiency Vin =3V to 75V, Voyr = 100V, lg = 4.5mA, Igp = <120pA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, DD, N8, T0220-5 Packages
LT1107 1A Igw, 63kHz, High Efficiency Vin =2V to 30V, Voyt = 34V, Ig = 320pA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, N8, S8 Packages
LT1170/LT1170HV 5A lgw, 100kHz, High Efficiency Vin = 3V to 40V/60V, Voyt = 65V/75V, Ig = 6mA, Isp = <50pA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, DD, N8, S16, T0220-5 Packages
LT1171/LTI171HY 2.5A Iy, 100kHz, High Efficiency Vin = 3V to 40V/60V, Voyt = 65V/75V, Ig = 6mA, Isp = <50pA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, DD, N8, S16, T0220-5 Packages
LT1172/LT1172HV 1.25A Iy, 100kHz, High Efficiency Vin = 3V to 40V/60V, Vqyt = 65V/75V, Ig = 6mA, Igp = <100pA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, DD, N8, S16, T0220-5 Packages
LT1307/LT1307B 600mA Igy, 600kHz, High Efficiency Vin =1V to 12V, Vgut = 28V, Ig = 50pA/TmA, Igp = <TpA
Step-Up Switching Regulator Ideal for Single Cell Applications, Low Battery Detect, MS8, N8, S8 Packages
LT1317/LT1317B 660mA Isy, 600kHz, High Efficiency Vin = 1.5V to 12V, Vut = 28V, lg = 100pA/4.8mA, Igp = <30pA/28pA
Step-Up Switching Regulator Low Battery Detect, MS8, S8 Packages
LT1370/LT1370HV 6A Isw, 500kHz, High Efficiency Vin = 2.7V to 30V, Vut = 35V/42V, g = 4.5mA, Igp = <12pA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, DD, T0220-7 Packages
LT1371/LT1371HV 3A Isw, 500kHz, High Efficiency Vin = 2.7V to 30V, Voyt = 35V/42V, Ig = 4mA, Isp = <12pA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, DD, S20, T0220-7 Packages
1111fd
Llneal’ Technology COI’pOI’atIOI’] LT/TP 0103 1K REV D « PRINTED IN USA
1 1630 McCarthy Blvd., Milpitas, CA 95035-7417 L, L—Jﬂg@g
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O LINEAR TECHNOLOGY CORPORATION 1994



Arduino MEGA 2560
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Product Overview

The Arduino Mega 2560 is a microcontroller board based on the ATmega2560
(datasheet). It has 54 digital input/output pins (of which 14 can be used as PWM outputs),
16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB
connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or
power it with a AC-to-DC adapter or battery to get started. The Mega is compatible with
most shields designed for the Arduino Duemilanove or Diecimila.

Technical
Specifications

How to use Arduino
Programming Enviroment, Basic Tutorials

Terms &
Conditions

Enviromental Policies
half sgm of green via Impatto Zero®
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http://www.atmel.com/dyn/resources/prod_documents/doc2549.PDF

Technical Specification

EAGLE files: _arduino-mega2560-reference-design.zip Schematic: arduino-mega2560-schematic.pdf

Summar
Microcontroller ATmega2560
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital I/O Pins 54 (of which 14 provide PWM output)
Analog Input Pins 16
DC Current per 1/0 Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB
EEPROM 4 KB
Clock Speed 16 MHz
the board
Power
12C Led

' MADE
IN ITALY

WiW . ARDUIND.CC

analog pins
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http://dev.arduino.cc/wiki/uno/Main/ArduinoBoardMega2560?action=upload&upname=arduino-mega2560-schematic.pdf
http://dev.arduino.cc/wiki/uno/Main/ArduinoBoardMega2560?action=upload&upname=arduino-mega2560-reference-design.zip
http://dev.arduino.cc/wiki/uno/Main/ArduinoBoardMega2560?action=upload&upname=arduino-mega2560-reference-design.zip

The Arduino Mega2560 can be powered via the USB connection or with an external power supply. The power source is
selected automatically. External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads from a battery
can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V pin may
supply less than five volts and the board may be unstable. If using more than 12V, the voltage regulator may overheat
and damage the board. The recommended range is 7 to 12 volts.

The Mega2560 differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it
features the Atmega8U2 programmed as a USB-to-serial converter.

The power pins are as follows:

* VIN. The input voltage to the Arduino board when it's using an external power source (as opposed to 5 volts
from the USB connection or other regulated power source). You can supply voltage through this pin, or, if
supplying voltage via the power jack, access it through this pin.

e 5V. The regulated power supply used to power the microcontroller and other components on the board. This
can come either from VIN via an on-board regulator, or be supplied by USB or another regulated 5V supply.

¢ 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

e GND. Ground pins.

The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used for the bootloader), 8 KB of
SRAM and 4 KB of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 54 digital pins on the Mega can be used as an input or output, using pinMode(), digitalWrite(), and
digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and has an
internal pull-up resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have specialized functions:

e  Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX) and 16 (TX); Serial 3: 15 (RX) and
14 (TX). Used to receive (RX) and transmit (TX) TTL serial data. Pins 0 and 1 are also connected to the
corresponding pins of the ATmega8U2 USB-to-TTL Serial chip .

e External Interrupts: 2 (interrupt 0), 3 (interrupt 1), 18 (interrupt 5), 19 (interrupt 4), 20 (interrupt 3), and 21
(interrupt 2). These pins can be configured to trigger an interrupt on a low value, a rising or falling edge, or a
change in value. See the attachinterrupt() function for details.

e PWM: 0 to 13. Provide 8-bit PWM output with the analogWrite() function.

e SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS). These pins support SPI communication, which, although
provided by the underlying hardware, is not currently included in the Arduino language. The SPI pins are also
broken out on the ICSP header, which is physically compatible with the Duemilanove and Diecimila.

e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is on, when
the pin is LOW, it's off.

e I’)C: 20 (SDA) and 21 (SCL). Support I)C (TWI) communication using the Wire library (documentation on the
Wiring website). Note that these pins are not in the same location as the I2C pins on the Duemilanove.

The Mega2560 has 16 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By default
they measure from ground to 5 volts, though is it possible to change the upper end of their range using the AREF pin and
analogReference() function.

There are a couple of other pins on the board:

* AREF. Reference voltage for the analog inputs. Used with analogReference().

* Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to shields which
block the one on the board.
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http://arduino.cc/en/Reference/AnalogReference
http://wiring.org.co/reference/libraries/Wire/index.html
http://arduino.cc/en/Reference/AnalogWrite
http://arduino.cc/en/Reference/AttachInterrupt
http://arduino.cc/en/Reference/DigitalRead
http://arduino.cc/en/Reference/DigitalWrite
http://arduino.cc/en/Reference/PinMode
http://www.arduino.cc/en/Reference/EEPROM

Communication

The Arduino Mega2560 has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega2560 provides four hardware UARTSs for TTL (5V) serial communication.
An ATmega8U2 on the board channels one of these over USB and provides a virtual com port to software on
the computer (Windows machines will need a .inf file, but OSX and Linux machines will recognize the board
as a COM port automatically. The Arduino software includes a serial monitor which allows simple textual
data to be sent to and from the board. The RX and TX LEDs on the board will flash when data is being
transmitted via the ATmega8U2 chip and USB connection to the computer (but not for serial communication
on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Mega's digital pins.

The ATmega2560 also supports 12C (TWI) and SPI communication. The Arduino software includes a Wire
library to simplify use of the 12C bus; see the documentation on the Wiring website for details. To use the SPI
communication, please see the ATmega2560 datasheet.

Programming

The Arduino Mega2560 can be programmed with the Arduino software (download). For details, see the
reference and tutorials.

The Atmega2560 on the Arduino Mega comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original STK500
protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial
Programming) header; see these instructions for details.
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http://arduino.cc/en/Hacking/Programmer
http://www.atmel.com/dyn/resources/prod_documents/avr061.zip
http://www.atmel.com/dyn/resources/prod_documents/doc2525.pdf
http://arduino.cc/en/Tutorial/Bootloader
http://arduino.cc/en/Tutorial/HomePage
http://arduino.cc/en/Reference/HomePage
http://arduino.cc/en/Main/Software
http://wiring.org.co/reference/libraries/Wire/index.html
http://www.arduino.cc/en/Reference/SoftwareSerial

Automatic (Software) Reset

Rather then requiring a physical press of the reset button before an upload, the Arduino Mega2560 is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2 is connected to the reset line of the ATmega2560 via a
100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the
chip. The Arduino software uses this capability to allow you to upload code by simply pressing the upload
button in the Arduino environment. This means that the bootloader can have a shorter timeout, as the
lowering of DTR can be well-coordinated with the start of the upload.

This setup has other implications. When the Mega2560 is connected to either a computer running Mac OS X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-second
or so, the bootloader is running on the Mega2560. While it is programmed to ignore malformed data (i.e.
anything besides an upload of new code), it will intercept the first few bytes of data sent to the board after a
connection is opened. If a sketch running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data.

The Mega contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can
be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the auto-reset
by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for details.

USB Overcurrent Protection

The Arduino Mega has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra layer
of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break the connection
until the short or overload is removed.

Physical Characteristics and Shield Com

The maximum length and width of the Mega PCB are 4 and 2.1 inches respectively, with the USB connector
and power jack extending beyond the former dimension. Three screw holes allow the board to be attached to
a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple
of the 100 mil spacing of the other pins.

The Mega is designed to be compatible with most shields designed for the Diecimila or Duemilanove. Digital
pins 0 to 13 (and the adjacent AREF and GND pins), analog inputs 0 to 5, the power header, and ICSP
header are all in equivalent locations. Further the main UART (serial port) is located on the same pins (0 and
1), as are external interrupts 0 and 1 (pins 2 and 3 respectively). SPI is available through the ICSP header on
both the Mega and Duemilanove / Diecimila. Please note that I°’C is not located on the same pins on the
Mega (20 and 21) as the Duemilanove / Diecimila (analog inputs 4 and 5).
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http://www.arduino.cc/cgi-bin/yabb2/YaBB.pl?num=1213719666/all

How fto use Arduino

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduino programming language (based on Wiring) and the Arduino
development environment (based on Processing). Arduino projects can be stand-alone or they can
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions for your personal
OS. Check on the Arduino site for the latest instructions. http://arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable.

Blink led

Now you’re actually ready to “burn” your e ——
first program on the arduino board. To
select “blink led”, the physical translation
of the well known programming “hello
world”, select

int ledPin = 13; A4 LED comnected to digital pin 13
File>sketchb°ok> 44 The setupi) method runs once, when the sketch starts
Arduino-0017>Examples> void setwp() <
. = . 44 dnitialize the digital pin as an output:
Dlglta|>Bllnk pinMode (ledPin, DU’TPS’TJ; ’ ’
i
Once you have your Skecth you’” A4 the loop() method runs owver and owver again,

44 as long as the Arduino has power

see something very close to the

. woid loop ()
screenshot on the right. ;
digitallrite {ledPin, HIGH): 44 zet the LED on
delay (1000 2 A4 wait for a second
|n Too|s>Board Se|ect MEGA digitallirite (ledPin, LOWY; /4 set the LED off
delay (1000 ; 44 wait for a second

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

1= YN 1 TR
ORI e
one compiling. " TQ 'EO‘T
Press Compile button [ B [ B
(to check for errors) TX RX Flashing Blinking Led!
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http://arduino.cc/en/Guide/HomePage
http://www.processing.org/
http://wiring.org.co/
http://arduino.cc/en/Reference/HomePage
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Terms & Conditions 9

1. Warranties

1.1 The producer warrants that its products will conform to the Specifications. This warranty lasts for one (1) years from the date of the sale. The
producer shall not be liable for any defects that are caused by neglect, misuse or mistreatment by the Customer, including improper installation or testing,
or for any products that have been altered or modified in any way by a Customer. Moreover, The producer shall not be liable for any defects that result from
Customer's design, specifications or instructions for such products. Testing and other quality control techniques are used to the extent the producer deems
necessary.

1.2 Ifany products fail to conform to the warranty set forth above, the producer's sole liability shall be to replace such products. The producer's liability
shall be limited to products that are determined by the producer not to conform to such warranty. If the producer elects to replace such products, the
producer shall have a reasonable time to replacements. Replaced products shall be warranted for a new full warranty period.

1.3 EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS IS" AND "WITH ALL FAULTS." THE PRODUCER DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE

1.4 Customer agrees that prior to using any systems that include the producer products, Customer will test such systems and the functionality of the
products as used in such systems. The producer may provide technical, applications or design advice, quality characterization, reliability data or other
services. Customer acknowledges and agrees that providing these services shall not expand or otherwise alter the producer's warranties, as set forth
above, and no additional obligations or liabilities shall arise from the producer providing such services.

1.5 The Arduinod products are not authorized for use in safety-critical applications where a failure of the product would reasonably be expected to cause
severe personal injury or death. Safety-Critical Applications include, without limitation, life support devices and systems, equipment or systems for the
operation of nuclear facilities and weapons systems. Arduinod products are neither designed nor intended for use in military or aerospace applications or
environments and for automotive applications or environment. Customer acknowledges and agrees that any such use of Arduino products which is solely
at the Customer's risk, and that Customer is solely responsible for compliance with all legal and regulatory requirements in connection with such use.

1.6 Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements concerning its
products and any use of Arduinol products in Customer's applications, notwithstanding any applications-related information or support that may be
provided by the producer.

2. Indemnification

The Customer acknowledges and agrees to defend, indemnify and hold harmless the producer from and against any and all third-party losses, damages,
liabilities and expenses it incurs to the extent directly caused by: (i) an actual breach by a Customer of the representation and warranties made under this
terms and conditions or (ii) the gross negligence or willful misconduct by the Customer.

3. Consequential Damages Waiver

In no event the producer shall be liable to the Customer or any third parties for any special, collateral, indirect, punitive, incidental, consequential or
exemplary damages in connection with or arising out of the products provided hereunder, regardless of whether the producer has been advised of the
possibility of such damages. This section will survive the termination of the warranty period.

4. Changes to specifications

The producer may make changes to specifications and product descriptions at any time, without notice. The Customer must not rely on the absence or
characteristics of any features or instructions marked "reserved" or "undefined." The producer reserves these for future definition and shall have no
responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The product information on the Web Site or Materials is
subject to change without notice. Do not finalize a design with this information.

Enviromental Policies

The producer of Arduinod has joined the Impatto Zero®
policy of LifeGate.it. For each Arduino board produced is
created / looked after half squared Km of Costa Rica’s
forest’s.
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MADE IN THE USA

1SolTech

1SOLTECH REFLECTION SERIES
72-Cell Monocrystalline Solar Module (280W - 300W)

A Quick Overview:

* HIGH-EFFICIENCY/LONG LIFE

* INDUSTRY LEADING WARRANTY
* HIGH SNOW & WIND LOADS

* INDUSIRY LEADING CERTIFICATIONS
* CEC AND FSEC LISTED

Proud to say:

Buy “Made in the USA" products
with confidence. All 1SolTech
modules are manufactured with
pride in our Dallas/Ft Worth, TX
facility using 93% components
sourced from domestic manufacturers.

1SolTech Modules:

¢ Qualify under the Buy American Act
(BAA)

* Qualify under the American Recovery
& Reinvestment Act (ARRA)

1SolTech is a leading American manufacturer of high-quality, cost-effective solar modules.
Our low-maintenance, high-performance monocrystalline modules are engineered
for high-efficiency and long life. 1SolTech modules are a durable and reliable solution

for all residential, commercial and utility applications. Just as important, 1SolTech,

which manufactures its modules with primarily American components, is committed

to making the US a leading manufacturer in the solar industry. When you choose

1SolTech, you choose America.

INDUSTRY LEADING WARRANTY: 1SolTech solar modules are backed by an industry
leading comprehensive 25-year linear performance warranty, in addition to a 10-year
warranty against defects in materials or workmanship. Tight power folerances within
+/- 3% of the module nameplate rating.

HIGH WIND AND SNOW MECHANICAL TOLERANCES: 1SolTech solar modules are tested

to withstand extreme temperature variations as well as high wind loads and snow loads
to 5400 pa. Our 4mm thick glass, along with stringent processes, ensure years of reliable
performance no matter what terrain.

CERTIFICATIONS:

All 1SolTech modules are: 1SolTech
« ETL approved and certified to meet UL 1703 requirements and standards 1920 Diplomat Drive
» CEC Listed: Modules are approved for California rebates Farmers Branch, TX 75234
¢ FSEC listed: Modules are approved for Florida rebates TOLL FREE: (888) 598-0295

PHONE: (972) 231-1158
FAX: (972) 231-0873

EMAIL: sales@1soltech.com
www.1SolTech.com

€.




1SolTech &

REFLECTION SERIES 72-Cell Monocrystalline Modules

Electrical Data

MADE IN THE USA

Module Type 1STH-280-M 1STH-285-M 1STH-290-M 1STH-295-M 1 STH-300 - M
Max Power PM (W) 280 285 290 295 300
Max Power Voltage Vm (V) 35.2 35.6 35.7 35.9 36.0
Max Power Current Im (A) 7.95 8.03 8.13 8.23 8.33
Open Circuit Voltage Voc (V) 44.8 449 45.0 45.2 45.3
Short Circuit Current Isc (A) 8.33 8.58 8.68 8.78 8.88
Module Efficiency 17.1% 17.4% 17.7% 18.0% 18.3%
Maximum System Voltage (V) = 600 (UL),1000 (IEC)
Power Tolerances = + 3%
Power measurement accuracy = * 3%
. I [t
Components & Mechanical Data
Front Glass Low iron, 4.0mm tempered
Junction Box IP-65 rated, UL approved if H
Diodes 15Ax3 L)
Output Cables 1m cable (39 3/8in), 12AWG, UL approved |~ §
Connectors MC-4, IP-67, UL approved g 3
Encapsulation Material EVA IR 8
Back Sheet Black or White -
Temperatfure Range -40°C to + 85°C
-
. . b
Temperature Coefficients
NOCT (°C) 45+2
Current Temp Coefficients  al(%/°C) +0.04 i
Voltage Temp Coefficients  8V.. (%/°C) -0.32 |
Temp Coefficients  yRu (%/°C) -0.40 986
" 1000W/m ? e =
800 800 ] ~
m00W/m 7%7 =Y
6.00 600W/m ? 600 5°C n
w0 50°C
g 700 400W/m \\\ < %00 \\\\\ 25°C T ‘ ‘ ‘
E’ :Z 200W/m 2 \\\\ % VD ‘ | [ ‘ ‘ ‘ ‘
=} . =
S = 5 Y IR
A\ N ]
1 00 100 200 kk\\ 400 500 00 100 200 \ 3A‘° \ 400 500 ‘ | ‘ ‘ ‘ ‘ ‘ ‘ ’ ‘ ‘ ‘
A LT
Voltage(V) Voltage(V) ‘ ’ ’ ’ ‘ ‘ ‘ ‘ ’ ‘ ‘ ‘
I-V Curves of PV Module 1 STH - 300 M (Cell Temp. 25 °C) I-V Curves of PV Module 1 STH - 300 M at different cell temperature
(AM1.5, 1000W/m 2) ‘ | ‘ ‘ ‘ ‘ ‘ ‘ ’ ‘ ‘ ‘
T
| :
Specifications \ | ’ H\ \ ‘ ‘ \ \ ‘ ‘
Cells Monocrystalline 156mm x 156mm ‘ | ’ ‘ [ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Cells Number 72 (6x12) ’ ‘ ‘ ‘ ‘ ‘
Dimensions (mm) 1950 x 986 x 6 ‘ ‘ [ ‘ ‘ ‘ ‘
Weight (kg) 21.5 ‘ | ’ H ‘ ‘ ‘ ‘ ‘ ‘ ‘ {
IEQ C(Gl“iL 986

1SolTech 1920 Diplomat Drive, Farmers Branch, TX 75234

TOLL FREE: (888) 598-0295 PHONE: (972) 231-1158 FAX: (972) 231-0873 EMAIL: sales@1soltech.com www.1SolTech.com
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OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS326E - JUNE 2000 - REVISED JANUARY 2005

® |ow Supply Voltage ...1.8Vt03.6V Operational Amplifier
® Very Low Supply Current ... 20 pA (per Ul
channel)

® Ultralow Power Shut-Down Mode
- lDD(SHDN) =10 nA/Channel

® CMOS Rail-to-Rail Input/Output -

® |nput Common-Mode Voltage SUPPLY CURRENT
Range ... -0.2VtoVpp+0.2V vs

® Input Offset Voltage . .. 550 pV 20 o PLY VOLTAGE

® Wide Bandwidth . ..500 kHz 18- V) = voorz —

® Slew Rate ...0.20 V/us tof- A% 2°C

® Specified Temperature Range: “

12

0°C to 70°C ... Commercial Grade
-40°C to 85°C.. . . Industrial Grade

® Ultrasmall Packaging
5 or 6 Pin SOT-23 (TLV2760/1)
8 or 10 Pin MSOP (TLV2762/3)

® Universal Op-Amp EVM

10 /
/
/

/

Ipp —Supply Current = pA

o N M O ®

0 0.6 1.2 1.8 24 3 3.6
description Vpp - Supply Voltage - V
The TLV276x single supply operational amplifiers provide 500 kHz bandwidth from only 20 uA while operating
down to 1.8 V over the industrial temperature range. The maximum recommended supply voltage is 3.6 V, which
allows the devices to be operated from (+£1.8 V supplies down to +£0.9 V) two AA or AAA cells. The devices
have been characterized at 1.8 V (end of life of 2 AA(A) cells) and at 2.4 V (nominal voltage of 2 NiCd/NiMH
cells). The TLV276x have rail-to-rail input and output capability which is a necessity at 1.8 V.

The low supply current is coupled with extremely low input bias currents enabling them to be used with
mega-ohm resistors. Low shutdown current of only 10 nA make these devices ideal for low frequency
measurement applications desiring long active battery life.

All members are available in PDIP and SOIC with the singles in the small SOT-23 package, duals in the MSOP,
and quads in the TSSOP package.

SELECTION OF SINGLE SUPPLY AMPLIFIER PRODUCTS

DEVICE VpD Vio Ipp/Ch B GBW SR Vn,1kHz lo SHUT- RAIL-TO-
V) (nv) (uA) (pA) (MHz) (Vlus) (nVIHZ) (mA) DOWN RAIL
TLV224x 25-12 600 1 100 0.0055 0.002 NA 0.2 — 110
TLV2211 2.7-10 450 13 1 0.065 0.025 21 0.4 — 0]
TLV276x 1.8-3.6 550 20 3 0.5 0.23 95 5 Y 110
TLV245x(A) 27-6 20 23 500 0.22 0.11 49 2.5 Y 110
TLV246x(A) 27-6 150 550 1300 6.4 1.6 1 25 Y 110
TLV278x(A) 1.8-3.6 250 650 2.5 8 5 18 10 Y 1/O

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.

Prodycth conform !2 sgecif_ications per thedlerms t:l Texas In_sllrymlendts l’
testing olvzlalr;r):rr‘;yrﬁ;ters. " g doesno yineluce TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1

Copyright © 2000-2005, Texas Instruments Incorporated
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TLV2760 and TLV2761 AVAILABLE OPTIONS (1)

PACKAGED DEVICES
v
TA A'Tozrg?é SMALL OUTLINE SOT-23 PLASTIC DIP

O)f OBVt SYMBOL (P)

] ] TLV2760CD — — —

0°C to 70°C 3500 v TLvare10D ~ ~ ~
] ] TLV2760ID TLV2760IDBV VANI TLV2760IP
~40°C 10 85°C 3500 uv TLV2761ID TLV2761IDBV VAXI TLV2761IP

T This package is available taped and reeled. To order this packaging option, add an R suffix to the part number (e.g., TLV2760CDR).
¥ This package is only available taped and reeled. For standard quantities (3,000 pieces per reel), add an R suffix (i.e., TLV2760CDBVR). For
smaller quantities (250 pieces per mini-reel), add a T suffix to the part number (e.g. TLV2760CDBVT).

TLV2762 and TLV2763 AVAILABLE OPTIONS (1)

PACKAGED DEVICES

TA Viomax SMALL MSOP PLASTIC | PLASTIC

AT 25°C OUTLINE DIP DIP

o)t el SYMBOL pGst SYMBOL (N) P)

5 5 TLV2762CD — — — — — —

0°C to 70°C 3500 0V | 1/\v27630D _ _ — — _ _
N . TLV2762ID TLV2762IDGK | xxTIAIP — — — TLV2762IP

~40°C10 85°C | 35001V | 1\/r7631D — — TLV2763IDGS | xxTIAJR || TLV2763IN —

T This package is available taped and reeled. To order this packaging option, add an R suffix to the part number (e.g., TLV2762CDR).

TLV2764 and TLV2765 AVAILABLE OPTIONS (1)

PACKAGED DEVICES
TA Viomax SMALL OUTLINE PLASTIC DIP TSSOP
AT 25°C
)" (N) Pw)t
] ] TLV2764CD —_ _
0°C to 70°C 3500 pV TLvarescn ~ -
] ] TLV2764ID TLV2764IN | TLV27641PW
~40°C10 85°C 3500 pv TLV2765ID TLV2765IN | TLV27651PW

T This package is available taped and reeled. To order this packaging option, add an R suffix to the part
number (e.g., TLV2764CDR).

1. For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl website
at www.ti.com.
3 15
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TLV276x PACKAGE PINOUTS

TLV2760 TLV2760 TLV2761
DBV PACKAGE D OR P PACKAGE DBV PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
ouT [t 6|1 Vpp Ne CC|1©© 8|10 SHDN ouT [/ 5[] Vpp
- IN-CT| 2 7 3 VDD
GND []2 5] SHDN IN+ O 3_[: s out GND []2
GND 4 5 NC
ne e e - - - N+ T ]e— a1 In-
TLV2761 TLV2762 TLV2763
D OR P PACKAGE D, DGK, OR P PACKAGE DGS PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
O
ne O © e[ NC 10uT 2 s vpp 10UT CI|a 103 Voo
IN- ] 2_'[>_L7 [T Vpp 1IN-CT] % -0 20uT 1IN- T2 o3 20UT
N+ 31 Le [ out 1IN+ ﬁe T 2IN- 1IN+ gs ﬁs% 2IN-
GND [T 4 511 NC GND[T] 4 5 2IN+ GND L4 7 2INY
[ - 1SHDN |5 6|11 2SHDN
TLV2763 TLV2764 TLV2765
D OR N PACKAGE D, N, OR PW PACKAGE D, N, OR PW PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
10UT [T 1 141 Vpp 10UTCI] 1 147 20UT 1ouT [ 1 16 [0 40UT
1IN- [ 2% 13[11 20UT 1IN-[CT] 2%§13:E|4|N— un- 2%%15 [T 4IN-
1IN+ 1] 3 ﬁlzjj 2IN- 1IN+ [T 3 12T 4IN+ 1N+ 0 3 14 [T 4IN+
GND [I] 4 11 13 2IN+ Vpp [ 4 11T GND Vpp 1 4 13[1J GND
NC [ 5 1013 NC 2IN+[1] 5 1017 31N+ 2IN+ [T 5 1217 3IN+
1SHDN [ 6 9[[11] 2SHDN 2IN-T 6;% o[TI3IN- 2IN- ] 6%% 11 [T 3IN-
NC [ 7 811 NC 20UTC] 7 [T 30uT 20uT M 7 10 |11 30UT
1/2SHDN [T 8 9|1 3/4SHDN

NC - No internal connection
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage, Vpp (SEE NOLE 1) . ... e e e 4V
Differential iNPUt VOItAGE range, VD . oo vttt ettt e e e e e *Vbp
Input current range, | .. ... o +10 mA
Output CUITENL raNge, 1o . ..o +10 mA

Continuous total power dissipation

Operating free-air temperature range, Ta: C-SUffiX ......... . oot 0°C to 70°C
[-SUffiXx .o —-40°C to 85°C
Maximum JuNCtion tEMPEIatUre, T . ..ottt ettt e et e 150°C

Storage temperature range, Tstg

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and

See Dissipation Rating Table

-65°C to 150°C

260°C

functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTE 1: All voltage values, except differential voltages, are with respect to GND

DISSIPATION RATING TABLE

< oK0 — gro
PACKAGE (oGéJ,\i,) (i);\}a,) PovT\ﬁzF_z 2R5A'I(':ING PovTvAER 8R5A'I(':ING
D (8) 38.3 176 710 mW 369 mW
D (14) 26.9 122 1022 mwW 531 mW
D (16) 25.7 114 1090 mwW 567 mW
DBV (5) 55 324 385 mW 201 mwW
DBV (6) 55 294 425 mW 221 mW
DGK(8) 54.2 260 481 mW 250 mW
DGS(10) 54.1 258 485 mwW 252 mW
N (14,16) 32 78 1600 mW 833 mW
P 41 104 1200 mW 625 mW
PW (14) 29.3 174 720 mW 374 mW
PW (16) 28.7 161 774 mW 403 mW
recommended operating conditions
MIN MAX UNIT
Single supply 1.8 3.6
Supply voltage, Vpp Split supply +0.8 s VY
Common-mode input voltage range, V|cr -0.2 Vpp+0.2 \
Operating free-air temperature, Ta C-SUf,nX 0 70 °C
I-suffix -40 85
Vpp <27V 0.75Vpp
Shutdown on/off voltage level (see Note 2) ViH Vpp=2.7t03.6V 2 \Vi
VL 0.6

NOTE 2: Relative to GND

{'f TEXAS
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electrical characteristics at recommended operating conditions, V pp = 1.8V, 24 V (unless
otherwise noted)

dc performance

PARAMETER TEST CONDITIONS TAJr MIN TYP MAX | UNIT
Vic = VbD/2, 25°C 550 3500
Vio Input offset voltage Vo = Vpp/2 TLV276x Y
' Full range 6800
R| =300 kQ, 9
ay)o  Offset voltage drift Rg=50Q 9 uv/eC
25°C 50 70
Vpp=18V dB
Full range 48
= 25°C 53 72 dB
V|C6 0Vto Vpp, Vpp = 2.4V
Rs =50 Full range 50 dB
CMRR Common-mode rejection ratio
25°C 55 76
Vpp=3.6V dB
Full range 55
Vicr = 1.2 Vto Vpp, _ 25°C 63 82
Vpp=24V,36V dB
Rs=50Q b Full range 60
25°C 20 60
Vbp =18V Full range 18
S VimV
Large-signal differential voltage Rl =10 kQ, 25°C 28 78
AvD P _ Vpp =24V
amplification Vo(pP) = VDD/2 Full range 23
25°C 45 120
=3. V/imV
Vbp =36V Full range 37 !
T Full range is 0°C to 70°C for the C-suffix and -40°C to 85°C for the I-suffix. If not specified, full range is —40°C to 85°C.
input characteristics
PARAMETER TEST CONDITIONS TAT MIN TYP MAX | UNIT
25°C 3 15
o Input offset current Vic = Vpp/2 TLV276xC Full range 100 [ pA
Vo = Vpp/2, TLV276xI Full range 200
R =300 kQ, 25°C 3 15
B Input bias current Rs =500 TLV276xC Full range 100 pA
TLV276xI Full range 200
Ti(d) Differential input resistance 25°C 1000 GQ
Ci(c) Common-mode input capacitance f=16 kHz 25°C 10 pF

1 Full range is 0°C to 70°C for the C-suffix and -40°C to 85°C for the I-suffix. If not specified, full range is —40°C to 85°C.
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electrical characteristics at recommended operating conditions, V pp = 1.8V, 24 V (unless
otherwise noted) (continued)

output characteristics

PARAMETER TEST CONDITIONS TAT MIN TYP MAX | UNIT
25°C 1.77 1.79
VoD = 1.8V Fullrange | 1.76
- 25°C 2.38 2.39
Yoli :Ytl)(l))ézplA VoD =24V Fullrange | 2.37
25°C 358  3.59
VoD = 3.6V Fullrange | 3.57
VOH High-level output voltage 25°C 1.725 1.75 v
Vbp = 1.8V Full range 1.7
— 25°C 2.325 2.35
Yoli =\—/I§C?(/)2;1A VD =24V Full range 2.3
25°C 3,525 355
VoD =36V Full range 35
25°C 10 20
Vic =Vpp/2, loL =100 kA Full range 30
VoL Low-level output voltage 25°C 50 75 mv
Vic =Vpp/2, loL=500uA Py range 100
Vbp =18V, Positive rail . 4.8
Vo = 0.5V from Negative rail 7.2
l'e) Output current VDD = 24V, Positive rail 73 mA
Vo = 0.5V from Negative rail 2e°c 10.2
Sourcing 7
Vbp =18V Sinking 25°C 10
los Short-circuit output current Sourcing 15 mA
Vop =24V Sinking 25°C 19

T Full range is 0°C to 70°C for the C-suffix and —40°C to 85°C for the I-suffix. If not specified, full range is —40°C to 85°C.

power supply, V pp =1.8V, 2.4V, 3.6 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TAT MIN TYP MAX UNIT
| N | ; 25°C 20 28
| S current (per channe Vo = Vpp/2, SHDN = A
DD upply current (p ) 0=VDD SHDN =VDD  [Fuilrange 0]
Vpp=18Vto24V, 25°C 65 85
Vic =Vpp/2 Full range 63
Supply voltage rejection ratio Vpp=2.4V1t03.6V, 25°C 65 85
ksvR ppYy ge el Db No load dB
(AVpp /AV|Q) Vic =Vpp/2 Full range 63
Vpp=1.8V103.6V, 25°C 65 85
Vic =Vpp/2 Full range 63

T Full range is 0°C to 70°C for the C-suffix and —40°C to 85°C for the I-suffix. If not specified, full range is —40°C to 85°C.
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electrical characteristics at recommended operating conditions, V
otherwise noted) (continued)

pp = 1.8V, 24 V (unless

dynamic performance

PARAMETER TEST CONDITIONS TAJr MIN TYP MAX | UNIT
UGBW  Unity gain bandwidth R =300 kQ, CL=10pF 25°C 500 kHz
25°C 0.11 0.20
V| =18V
bD Full range | 0.09
- Vlus
Positive slew rate at Vo(Pp) =1V, RL=300kQ, 25°C 011  0.22
SR+ . . v Vpp =24V
unity gain CL=50pF Fullrange | 0.09
25°C 0.11 0.23
Vpp=36V Vius
bD Fullrange | 0.09 H
25°C 0.08 0.15
Vpp =18V
bD Fullrange | 0.07
- Vlus
SR Negative slew rate at | Vo(pp) =1V, RL =300k, Ve =24V 25°C 010 018
unity gain CL=50pF Db == Full range | 0.09
25°C 0.10 0.22 ’
V| =36V Vius
oD Full range 0.09 H
om Phase margin 25°C 63 °
- - R =300 kQ, CL =100 pF
Gain margin 25°C 20 dB
Vpp =18V, V(sTEP)PP =1V, 0.1% 6.4
Ay=-1, CL=10pF R_=300kQ |0.01% 13.7
tg Settling time 5 25°C us
Vpp =24V, V(STEP)PP =1V, 0.1% 6
Ay=-1, CL=10pF R_=300kQ |0.01% 13.9
T Full range is 0°C to 70°C for the C-suffix and -40°C to 85°C for the I-suffix. If not specified, full range is —40°C to 85°C.
noise/distortion
PARAMETER TEST CONDITIONS Ta MIN TYP  MAX | UNIT
Vpp=1.8V, Ay=1 0.08%
Vo(Pp) =VDD/2 V. [ =10 25°
= 5°C 0.10%
RL = 300 kQ, v 2
f=1kHz Ay = 100 0.27%
THD + N Total harmonic distortion plus noise
Vpp =24V, Ay=1 0.06%
Vo(Pp) =VDD/2 V. [ =10 25°
= 5°C 0.08%
RL = 300 kQ, v >
f=1kHz Ay = 100 0.24%
f=1kHz 25°C 95 Wi
V Equivalent input noise voltage nV/NHz
n a P g f=10kHz 25°C 75
In Equivalent input noise current f=1kHz 25°C 0.8 fANHZ
shutdown characteristics
PARAMETER TEST CONDITIONS TAT MIN TYP MAX | UNIT
| Supply current, all channels in shutdown mode SEN =0V 25°C 10 50 A
DD(SHDN)  (TLv2760, TLV2763, TLV2765) (per channel) - Full range 20| "
t(on) Amplifier turnon time (see Note 3) R =300 kQ 25°C 5 us
t(off) Amplifier turnoff time (see Note 3) R| =300 kQ 25°C 0.8 us

T Eull range is 0°C to 70°C for the C-suffix and —40°C to 85°C for the I-suffix. If not specified, full range is —40°C to 85°C.
NOTE 3: Disable time and enable time are defined as the interval between application of the logic signal to SHDN and the point at which the supply
current has reached half its final value.
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TYPICAL CHARACTERISTICS
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Vio ~ Input Offset Voltage — uV

VoH - High-Level Output Voltage - V

INPUT OFFSET VOLTAGE
VS
COMMON-MODE INPUT VOLTAGE
300
VD18V
250 TA=25°C
200 \
150 \
100 \
50 \
0
N
=50
T
-100

-02 002 040608 112141618 2

18

1.6

1.4

12

10 —

0.8 —

0.6

V|cR — Common-Mode

Figure 1

Input Voltage - V

HIGH-LEVEL OUTPUT VOLTAGE

Vs
HIGH-LEVEL OUTPUT CURRENT
‘VDD‘:l.S\‘/ —
— TA:‘SS"C‘ B
TA=T0°C
il \
| T W
TA=-40°C “\ \
h\\ \
[
o 1 2 3 4 5 6 7 8

loH — High-Level Output Current — mA

Figure 4

TYPICAL CHARACTERISTICS

INPUT OFFSET VOLTAGE

COMMON-MODE REJECTION RATIO

Vs
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Vpp=2.4V S 130
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£ 200 92
S \ & 80
B 150 2 70
:8 = 60
5 100 \ S 50
£ E 40
L0 N g 30
] N ©
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z 10
-50 5 o
-02 02 06 1 14 18 22 26

V|cr — Common-Mode Input Voltage — V

Figure 2
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TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT POWER SUPPLY REJECTION RATIO
VS Vs VS
SUPPLY VOLTAGE FREE-AIR TEMPERATURE FREQUENCY
20 24 100
Ay=1 Q Vpp=2.4V
18 Vic =V, || TA=25°C
Ic = VD72 — 29 [ I A
16} Ta=85°C < k]
< A ™ E Vpp =3.6 V & ™
14 S 20 s N
| c P 60
= 7 = 25°C o 8
o 12 i ‘ ‘S 18- Vpbp=24V -:’—J. \\‘
= [ e -
3 10 F Ta=0C > — | ] i 40
z ‘ g — [ Vpp-18vV — g N
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TLV2760, TLV2761, TLV2762, TLV2763, TLV2764, TLV2765
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SLOS326E - JUNE 2000 - REVISED JANUARY 2005

SR - Slew Rate - V/us

0.32

0.28

0.24

0.20

0.16

0.12

0.08

0.04

SLEW RATE
VS
FREE-AIR TEMPERATURE
SR+ -
e
|
T
SR-
Vpp=18V |
Ay=1
R|.=300 kQ
C=50 pF
Vic = Vpp/2
| | |

0.00
-40 -25 -10

Vs
Vs TIME
FREQUENCY 20
500
T LT 15
450 Ta =25°C |l < |
DD
400 I\\ Vpp =24V TL 10
350 ‘g °
300 k 3 0
= 2
250 | =3 J—
N\ @ / Vbp =36V |15
200 A Vo / DD =3 :
Ay=1 1
150 a VIN = VDD/2
N - —
200 [T Et - fgop'f} 0%
L 1T |
10 100 1K 10k 100k 0 o2 s 4 5
f - Frequency — Hz t-Time - ps
Figure 19 Figure 20
VOLTAGE-FOLLOWER LARGE-SIGNAL PULSE RESPONSE VOLTAGE-FOLLOWER SMALL-SIGNAL PULSE RESPONSE
Vs Vs
TIME TIME
25 . 126
124
12 v é‘ 1.22 vy
’ VDD =24V ! S 120
1 Av=1 2 118
05 RL =300 kQ £
’ CL=10pF | 116
0 TaA = 25°C 25 o > 114 1.26
2 ;, /' — 1.24
[ Vo g VDD =24V L vg 1.22
s Av=1 1.20
/ \ 15 Ru=300ka |\ :
N = CL=10pF N 1.18
N 0.5 ? — Ta = 25°C N 1.16
o © —— 1.14
0 02040608 1 1214 16 1.8 > 0 1 2 3 4 5 & 8
t-Time - us t—Time - us
Figure 21 Figure 22

Hz

nv/

V,, - Equivalent Input Noise Voltage -

V| = Input Voltage - V

5 20 35 50 65 8085
Ta — Free-Air Temperature - °C

Figure 16

TYPICAL CHARACTERISTICS
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TLV2760, TLV2761, TLV2762, TLV2763, TLV2764, TLV2765

FAMILY OF 1.8 V MICROPOWER RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS326E - JUNE 2000 - REVISED JANUARY 2005
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TYPICAL CHARACTERISTICS
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SHDN - Shutdown Pulse - V

TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

driving a capacitive load

When the amplifier is configured in this manner, capacitive loading directly on the output will decrease the
device’s phase margin leading to high frequency ringing or oscillations. Therefore, for capacitive loads of greater
than 10 pF, it is recommended that a resistor be placed in series (Ryyp) with the output of the amplifier, as
shown in Figure 31. A minimum value of 20 Q should work well for most applications.

RF

RG
Input RNULL
Output

f = I CLoAD

Vpp/2 )

Figure 31. Driving a Capacitive Load
offset voltage
The output offset voltage, (Vo) is the sum of the input offset voltage (Vo) and both input bias currents (I;g) times

the corresponding gains. The following schematic and formula can be used to calculate the output offset
voltage:

RF

Re Re
VOO=VIO 1+ % :|:|IB+ RS 1+ % :tlIB_RF

Figure 32. Output Offset Voltage Model

general configurations

When receiving low-level signals, limiting the bandwidth of the incoming signals into the system is often
required. The simplest way to accomplish this is to place an RC filter at the noninverting terminal of the amplifier
(see Figure 33).
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APPLICATION INFORMATION

general configurations (continued)

RG RE

Vpp/2
Vo
V| p

R1 c1 L

f = 1
= -3dB T 2mRICL

Yo _ (,,Re (;)
VI RG 1 + 2=fR1C1

Figure 33. Single-Pole Low-Pass Filter

If even more attenuation is needed, a multiple pole filter is required. The Sallen-Key filter can be used for this
task. For best results, the amplifier should have a bandwidth that is 8 to 10 times the filter frequency bandwidth.
Failure to do this can result in phase shift of the amplifier.

C1

‘ ‘ R1=R2=R

| cli=c2=C
Q = Peaking Factor
(Butterworth Q = 0.707)

\

1
R1 R2 = —+
f_3dB 2nRC

RE

)

Rg =

Vpp/2

Figure 34. 2-Pole Low-Pass Sallen-Key Filter

circuit layout considerations

To achieve the levels of high performance of the TLV276x, follow proper printed-circuit board design techniques.
A general set of guidelines is given in the following.

® Ground planes—It is highly recommended that a ground plane be used on the board to provide all
components with a low inductive ground connection. However, in the areas of the amplifier inputs and
output, the ground plane can be removed to minimize the stray capacitance.

® Proper power supply decoupling—Use a 6.8-uF tantalum capacitor in parallel with a 0.1-uF ceramic
capacitor on each supply terminal. It may be possible to share the tantalum among several amplifiers
depending on the application, but a 0.1-uF ceramic capacitor should always be used on the supply terminal
of every amplifier. In addition, the 0.1-uF capacitor should be placed as close as possible to the supply
terminal. As this distance increases, the inductance in the connecting trace makes the capacitor less
effective. The designer should strive for distances of less than 0.1 inches between the device power
terminals and the ceramic capacitors.
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APPLICATION INFORMATION

circuit layout considerations (continued)

® Sockets—Sockets can be used but are not recommended. The additional lead inductance in the socket pins
will often lead to stability problems. Surface-mount packages soldered directly to the printed-circuit board
is the best implementation.

® Short trace runs/compact part placements—Optimum high performance is achieved when stray series
inductance has been minimized. To realize this, the circuit layout should be made as compact as possible,
thereby minimizing the length of all trace runs. Particular attention should be paid to the inverting input of
the amplifier. Its length should be kept as short as possible. This will help to minimize stray capacitance at
the input of the amplifier.

® Surface-mount passive components—Using surface-mount passive components is recommended for high
performance amplifier circuits for several reasons. First, because of the extremely low lead inductance of
surface-mount components, the problem with stray series inductance is greatly reduced. Second, the small
size of surface-mount components naturally leads to a more compact layout thereby minimizing both stray
inductance and capacitance. If leaded components are used, it is recommended that the lead lengths be
kept as short as possible.

shutdown function

Three members of the TLV276x family (TLV2760/3/5) have a shutdown terminal for conserving battery life in
portable applications. When the shutdown terminal is pulled low, the supply current is reduced to 10 nA/channel,
the amplifier is disabled, and the outputs are placed in a high impedance mode. To enable the amplifier, the
shutdown terminal must be pulled high. The shutdown terminal should never be left floating. If the shutdown
feature is not desired, directly tie the shutdown terminal to the positive rail. The shutdown terminal threshold
is always referenced to the GND terminal of the device. Therefore, when operating the device with split supply
voltages (e.g. £1.8 V), the shutdown terminal needs to be pulled to the negative rail, not the system ground,
to disable the operational amplifier.

The amplifier is powered with a single 2.4-V supply and configured as a noninverting configuration with a unity
gain. Turnon and turnoff times are defined as the interval between application of the logic signal to the shutdown
pin and the point at which the supply current has reached half its final value. The times for the single, dual, and
quad are listed in the data tables.

general power dissipation considerations

For a given 635, the maximum power dissipation is shown in Figure 35 and is calculated by the following formula:

o _ (TMAX - TA)
D 93a
Where:
Pp = Maximum power dissipation of TLV276x IC (watts)
Tmax = Absolute maximum junction temperature (150°C)
Tp = Free-ambient air temperature (°C)
8ia =83c*6ca
63c = Thermal coefficient from junction to case
6ca = Thermal coefficient from case to ambient air (°C/W)

{'f TEXAS
INSTRUMENTS

16 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV2760, TLV2761, TLV2762, TLV2763, TLV2764, TLV2765
FAMILY OF 1.8 V MICROPOWER RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS326E - JUNE 2000 - REVISED JANUARY 2005

APPLICATION INFORMATION
general power dissipation considerations (continued)

MAXIMUM POWER DISSIPATION
VS
FREE-AIR TEMPERATURE

2
| Lo
\ PDIP Package Ty =150°C
1.75 N Low-K Test PCB
6JA 2‘ 107°C/\N
2 AN
| 15 ‘ J MSOP Package
5 SOIC Pack Low-K Test PCB
= i ackage 6JA = 260°CW |
8 125 owK Test PCB A
A 93A = 176°C/W /
] JA
a N \\
g 3 N
5 N
D. N \
0.75 ~ N
£ o5 ~~ ™~ N
% .
| D i N
0.25 |- SOT-23 Package ~— N
Low-K Test PCB Rl
o L_8aa =324°C/W N

-55-40-25-10 5 20 35 50 65 80 95 110 125
Tp — Free-Air Temperature — °C

NOTE A: Results are with no air flow and using JEDEC Standard Low-K test PCB.

Figure 35. Maximum Power Dissipation vs Free-Air Temperature
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APPLICATION INFORMATION

macromodel information

Macromodel information provided was derived using Microsim Parts™ Release 9.1, the model generation
software used with Microsim PSpice™. The Boyle macromodel (see Note 4) and subcircuit in Figure 36 are
generated using TLV276x typical electrical and operating characteristics at Tp = 25°C. Using this information,
output simulations of the following key parameters can be generated to a tolerance of 20% (in most cases):

® Maximum positive output voltage swing ® Unity-gain frequency

® Maximum negative output voltage swing ® Common-mode rejection ratio
® Slew rate ® Phase margin

® Quiescent power dissipation ® DC output resistance

® |nput bias current ® AC output resistance

® Open-loop voltage amplification ® Short-circuit output current limit

NOTE 4: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Integrated Circuit Operational Amplifiers,” IEEE Journal
of Solid-State Circuits, SC-9, 353 (1974).
3 99

VDD L4

p rdl rd2 rss
cl

11 12

1
IN+ —e
C VvC
D D
2
G o G
IN- —® L@ 53
S S
dp
10

iss dc
GND ® ~
4 ve o4 de

S+

*DEVICE=amp_tlv276x_highVdd,OPAMP,NJF,INT ga 6 0 11 12 16.272E-6
* amp_tlv_276x_highVdd operational amplifier "macromodel” gcm 0 6 10 99 6.8698E-9
* subcircuit updated using Model Editor release 9.1 on 05/15/00 Iss 10 4 dc 1.3371E-6
* at 14:40 Model Editor is an OrCAD product. hlim 90 0 vlim 1K
* j1 11 2 10 jx1
* connections: non-inverting input J2 12 1 10 jx2
* | inverting input r2 6 9 100.00E3
* | | positive power supply rdl 3 11 61.456E3
* | | | negative power supply rd2 3 12 61.456E3
* | | | | output rol 8 5 10
* BEEE ro2 7 99 10
.subckt amp_tlv276x_highvdd 12345 p 3 4 150.51E3
* rss 10 99 149.58E6
cl 11 12 457.48E-15 vb 9 0 dc O
c2 6 7  5.0000E-12 Ve 3 53 dc .78905
css 10 99 1.1431E-12 ve 54 4 dc .78905
dc 5 53 dy vlim 7 8 dc O
de 54 5 dy vip 91 0 dc 14.200
dip 90 91 dx vin 0 92 dc 14.200
din 92 90 dx .model  dx D(Is=800.00E-18)
dp 4 3 dx .model dy D(1s=800.00E-18 Rs=1m Cjo=10p)
egnd 99 0 poly(2)(3,0) (400.5.5 .model jx1  NJF(Is=500.00E-15 Beta=198.03E-6 Vto=-1)
fb 7 99 poly(5) vb vc ve vip vin 0 .model x2  NJF(Is=500.00E-15 Beta=198.03E-6 Vto=-1)
176.02E6 -1E3 1E3 180E6 .ends
-180E6

Figure 36. Boyle Macromodel and Subcircuit
PSpice and Parts are trademarks of MicroSim Corporation.
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PACKAGING INFORMATION

Orderable Device

Status

Package Type Package Pins Package Qty

Eco Plan

Lead/Ball Finish

MSL Peak Temp

Samples

o)) Drawing %) (3) (Requires Login)
TLV2760ID ACTIVE SoIC D 8 75 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2760IDBVR ACTIVE SOT-23 DBV 6 3000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2760IDBVRG4 ACTIVE SOT-23 DBV 6 3000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2760IDBVT ACTIVE SOT-23 DBV 6 250 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2760IDBVTG4 ACTIVE SOT-23 DBV 6 250 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2760IDG4 ACTIVE SOIC D 8 75 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2760IP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
TLV2760IPE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
TLV2761CD ACTIVE SOIC D 8 75 Green (RoOHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2761CDG4 ACTIVE SOIC D 8 75 Green (RoOHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2761ID ACTIVE SOIC D 8 75 Green (RoOHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2761IDBVR ACTIVE SOT-23 DBV 5 3000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2761IDBVRG4 ACTIVE SOT-23 DBV 5 3000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2761IDBVT ACTIVE SOT-23 DBV 5 250 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2761IDBVTG4 ACTIVE SOT-23 DBV 5 250 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2761I1DG4 ACTIVE SoIC D 8 75 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2761IP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
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PACKAGE OPTION ADDENDUM

www.ti.com 19-Nov-2012
Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Samples
@ Drawing %) 3) (Requires Login)
TLV2761IPE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type
(ROHS)
TLV2762CD ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2762CDG4 ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2762CDR ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2762CDRG4 ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2762ID ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2762IDG4 ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2762IDGK ACTIVE VSSOP DGK 8 80 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2762IDGKG4 ACTIVE VSSOP DGK 8 80 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2762IDGKR ACTIVE VSSOP DGK 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2762IDGKRG4 ACTIVE VSSOP DGK 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TLV2762IDR ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2762IDRG4 ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2763CDR ACTIVE SOIC D 14 2500 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2763CDRG4 ACTIVE SOIC D 14 2500 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2763IDGS ACTIVE VSSOP DGS 10 80 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2763IDGSG4 ACTIVE VSSOP DGS 10 80 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
TLV2763IDGSR ACTIVE VSSOP DGS 10 2500 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)
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Orderable Device

Status

Package Type Package Pins Package Qty

Eco Plan

Lead/Ball Finish  MSL Peak Temp

Samples

@ Drawing %) 3) (Requires Login)

TLV2763IDGSRG4 ACTIVE VSSOP DGS 10 2500 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2763IDR ACTIVE SolIC D 14 2500 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2763IDRG4 ACTIVE SolIC D 14 2500 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2764CD ACTIVE SolIC D 14 50 Green (RoOHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2764CDG4 ACTIVE SOIC D 14 50 Green (RoOHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2764CDR ACTIVE SOIC D 14 2500 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2764CDRG4 ACTIVE SoOIC D 14 2500 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV27641D ACTIVE SoIC D 14 50 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2764I1DG4 ACTIVE SOIC D 14 50 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2764IDR ACTIVE SoIC D 14 2500 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2764IDRG4 ACTIVE SolIC D 14 2500 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2764IN ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
TLV2764INE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)

TLV2764I1PW ACTIVE TSSOP PW 14 90 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2764IPWG4 ACTIVE TSSOP PW 14 90 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2764IPWR ACTIVE TSSOP PW 14 2000 Green (RoOHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2764IPWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2765CD ACTIVE SOIC D 16 40 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
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Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Samples
@ Drawing %) 3) (Requires Login)

TLV2765CDG4 ACTIVE SOIC D 16 40 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)

TLV2765CDR ACTIVE SOIC D 16 2500 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)

TLV2765CDRG4 ACTIVE SOIC D 16 2500 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)

TLV2765ID ACTIVE SOIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2765IDG4 ACTIVE SOIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2765IDR ACTIVE SOIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2765IDRG4 ACTIVE SOIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2765I1PW ACTIVE TSSOP PW 16 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)

TLV2765IPWG4 ACTIVE TSSOP PW 16 90 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)

TLV2765IPWR ACTIVE TSSOP PW 16 2000 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)

TLV2765IPWRG4 ACTIVE TSSOP PW 16 2000 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
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Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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INSTRUMENTS
www.ti.com 19-Nov-2012
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 T [ KO [+—P1—»
1]
lReeI ) l
Diameter Cavity # 20 ‘*
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O of Sprocket Holes
I
Q1 : Q2
Q3 i Qé User Direction of Feed
T
Pocket\(ljgdrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TLV2760IDBVR SOT-23 | DBV 6 3000 180.0 9.0 315 | 3.2 14 4.0 8.0 Q3
TLV2760IDBVT SOT-23 | DBV 6 250 180.0 9.0 315 | 3.2 1.4 4.0 8.0 Q3
TLV2761IDBVR SOT-23 DBV 5 3000 180.0 9.0 3.15 3.2 1.4 4.0 8.0 Q3
TLV2761I1DBVT SOT-23 DBV 5 250 180.0 9.0 3.15 3.2 1.4 4.0 8.0 Q3
TLV2762CDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLV2762IDGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
TLV2762IDGKR VSSOP DGK 8 2500 330.0 12.4 53 3.4 1.4 8.0 12.0 Q1
TLV2762IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLV2763CDR SoIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLV2763IDGSR VSSOP | DGS 10 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
TLV2763IDGSR VSSOP | DGS 10 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
TLV2763IDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLV2764CDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLV2764IDR SoIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLV2764IPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLV2765CDR SOIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1
TLV2765IDR SoIC D 16 2500 330.0 16.4 6.5 103 | 21 8.0 16.0 Q1
TLV2765IPWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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i3 Texas PACKAGE MATERIALS INFORMATION
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TAPE AND REEL BOX DIMENSIONS

/E
~_ s
e 7
\\’//// “\.\\\(/
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLV2760IDBVR SOT-23 DBV 6 3000 182.0 182.0 20.0
TLV2760IDBVT SOT-23 DBV 6 250 182.0 182.0 20.0
TLV2761IDBVR SOT-23 DBV 5 3000 182.0 182.0 20.0
TLV27611DBVT SOT-23 DBV 5 250 182.0 182.0 20.0
TLV2762CDR SOoIC D 8 2500 340.5 338.1 20.6
TLV2762IDGKR VSSOP DGK 8 2500 364.0 364.0 27.0
TLV2762IDGKR VSSOP DGK 8 2500 358.0 335.0 35.0
TLV2762IDR SOIC D 8 2500 340.5 338.1 20.6
TLV2763CDR SOoIC D 14 2500 367.0 367.0 38.0
TLV2763IDGSR VSSOP DGS 10 2500 358.0 335.0 35.0
TLV2763IDGSR VSSOP DGS 10 2500 366.0 364.0 50.0
TLV2763IDR SOIC D 14 2500 367.0 367.0 38.0
TLV2764CDR SoIC D 14 2500 333.2 345.9 28.6
TLV2764IDR SOIC D 14 2500 333.2 345.9 28.6
TLV2764IPWR TSSOP PW 14 2000 367.0 367.0 35.0
TLV2765CDR SOIC D 16 2500 333.2 345.9 28.6
TLV2765IDR SOIC D 16 2500 333.2 345.9 28.6
TLV2765IPWR TSSOP PW 16 2000 367.0 367.0 35.0
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MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN—LINE PACKAGE

0.400 (10,16)
035 (9,00) 7
5
[ ™M ;
0.260 (6,60)
0.240 (6,10)
° ‘
P8 S WS I Wy

0.045 (1,14) 0.325 (8,26)
0.030 (0,76) | [© —0.020 (0,51) MIN 0.300 (7,62)
/ T o 38)
\ 0.200 (5,08) MAX TGouge Plane
L Seating Plane
0.125 (3,18) MIN (0,25) NOM
0.100 (2,54) O 430 (10, 92
MAX
0.021 (0,53)
€ 5015 (0,38)
[]0.010 (0,25) W]
4040082/E  04/2010
NQTES: A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS—001 variation BA.
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MECHANICAL DATA

DBV (R—PDSO—G5)

PLASTIC SMALL—-OUTLINE PACKAGE

(=}
o
oo

4073253-4/K 03/2006

0,50
0,95 W rfjxoso [4]0,20 @]
5
H f 0,22
1,45 2,60 l
i alli= HJ 1
Index Area 1 3
Gage Plane
3,05
2,75
— 1,45 MAX
Seating Plane ¢ \ ) ‘
01> | 0,10 j
0.00
NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Falls within JEDEC MO-178 Variation AA.

A

B.

C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
D
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LAND PATTERN DATA

DBV (R—PDSO-G5) PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

- 1,90 —~ | 1.90
— mfo—————r ————— 4 —
I loss
I 2.7 2.7
e "
; N
/ \\
e S O R
\ /
\. "L// l— 0,95 — - 095

’ \

/ ‘__/T/'So\der Mask Opening

/ 1,05 \
\ | ————— Pad Geometry

\ /
\ 0,07 — L— /

’

N Al Around //

4209593-3/C 08/11

NOTES: A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
D

E

Publication IPC—=7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC=7525 for other stencil recommendations.

i3 TEXAS
INSTRUMENTS

www.ti.com



MECHANICAL DATA

DBV (R—PDSO—GG) PLASTIC SMALL-OUTLINE PACKAGE
0,50 A
0,95 rsxm
6 4

sl — .
0,08
1,45 2,60 i
Pin 1

Index Area 1 3
Gage Plane i

3,05

2,75

L
ﬁt

— 1,45 MAX

Seating Plane $ \ ) ‘
0,15 j
0,00 E

4073253-5/K 03/2006

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.

Leads 1,2,5 may be wider than leads 4,5,6 for package orientation.
Falls within JEDEC MO-178 Variation AB, except minimum lead width.

NOTES:

b.@om.>
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LAND PATTERN DATA

DBV (R—PDSO-G6) PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
—r—- R B Ml i W,iOOf* i R At I H
1 loss
e 2,7 2,7
e "
// \\\
// \\
\ pa
. —l - 0,95 — - 0,95
e
/’/ ,’///’—‘\\\\
]/// - 0,6 — Y
/ \\
// ‘__/\T/'So\der Mask Opening
/ 1,05 \
‘, K‘\ﬁ\ Pad Geometry
\\ 0,07 —= L— //
\\\ Al Around ///
L o
T 4209593-4/C 08/11

NOTES: A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
D

E

Publication IPC—=7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC=7525 for other stencil recommendations.
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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o.10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—-187 variation AA, except interlead flash.
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MECHANICAL DATA

DGS (S—PDSO-G10)

PLASTIC SMALL—-OUTLINE PACKAGE

1

1

1

.
—J
s

‘EHHHHﬂ5

0°-8
&
M i Seating Plane ¢ J_\

l&

(=)

st Epm

— 1,10 MAX

5 ‘

4073272/C 02/04

NOTES: A All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion.
D

. Falls within JEDEC MO-187 variation BA.
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MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL QUTLINE

0.344 (8,75)
‘ 0.337 (8,55)
@
14 W 8
0.244 (6,20)
0.228 (5,80)
i < - - T 0157 (4,00)
\ 0.150 (3,80) A
| |
sl R s R
1 7
Pin 1 0.020 (0,51)
Index Area 0.050 (1,27) m
[-6-]0.010 (0,25) @]
/ \ A\ \
v R v \ J \ ; / k
0.010 ( \ e
— 0.069 (1,75) Max 0.004 (0.10) 004
0010 (0.25) / ﬁ
0.005 (0,15)1 )/
/ | \
. 1 ‘ //\ | []0.004 (0,10)
Gauge Plane - !
%D — x Seating Plane
0.010 (0,25) 0-8" N L7
~_| . __—
0.050 (1,27)
0.016 (0,40)
4040047-5/M  06/11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.
Reference JEDEC MS—012 variation AB.

.

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO—G14)

PLASTIC SMALL OUTLINE

Sten(cil Openings

ExampItENIz(tJ;Jrg)Layout Note D
——  ~—12x1,27 —= =—14x0,55
‘ ‘ ‘ — 12427
AN NEEN 14%1 50 AN
uuguuy * oottt r
5,40 5,40
TN,
monnnon \ NAn A AAn \
\uauudn U0ttt otd
\“//
Example

Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

.'/ \ Example
.‘ * / Solder Mask Opening
' ' (See Note E)
\ =007 /
\ All Around /

\. /

\\ /,
. -
N~ - —
4211283-3/E 08/12
NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should

contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

D (R—PDSO—-G16) PLASTIC SMALL QUTLINE

0.394 (10,00)

0.386 (9,80)
PN
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
\ 0.150 (3,80) AN

L LR ,

Pin 1

Index Area 0.050 (1,27) OOZO (©, 51;
\@\o.o (0,25 @]
/ \
[ \ \
\
v 0 % J\ /k
— 0.069 (1,75) Max 0. 004
0.010 (0,25) // .
0.005 (0,15)1 , \
A
\ t \ //\ | []0.004 (0,10)
Gauge Plane - == !
%D . x Seating Plane
0.010 (0,25) 0-8" N L7
~4
0.050 (1,27)
0.016 (0,40)
4040047-6/M 06 /11
NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
@ Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS—012 variation AC.
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LAND PATTERN DATA

D (R—PDSO—G16)

PLASTIC SMALL OUTLINE

—

et s Sz
—— ~—16x0,55
——I |<—14x1,27 ‘ ——I |<—14x1,27
AEEEENNENEENENE 16x1.50 L[]
HEERERERRRN * Uuuuogt
5,40 5.40
N
/I_II_I‘\I_II_II_II_II_II_I l L H A &
\|_||_|/"|_||_||_||_||_||_| ooty
N
[_/
|
|
,’ Example
i Non Soldermask Defined Pad Example
! Pad Geometry
i /// (See Note C)
y—
|
1,55 \ Example
UL T g
——ll~—0,07 /
All Around /
\ /
N e
S 7
4211283-4/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads

Customers should
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MECHANICAL DATA

PW (R—PDSO—G14)

PLASTIC SMALL OUTLINE

omg o -
— 075
4§ 0,50
| | = |
vy L i Seating Plane # J_\ /_L
0,15 N
L 1,20 MAX 00E O,WO

4040064-3/G 02/

NOTES: A
B.

E.

Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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LAND PATTERN DATA

PW (R—PDSO-G14)

PLASTIC SMALL OUTLINE

Stencil Openings

E le Board Layout

xamp! (zNo;):rC) ayou (Note D
—=— ~=— 14x0,30
; —=| [=—12x0,65

D

|<—12x0,65
[
Jguuugy

B

5,60

(hnanng

/
/
|
j

_>|
1
5,60

it

Example
Non Soldermask Defined Pad Example
Pad Geometry
i /// (See Note C)
/
/
A
! 160 \ Example
| J / Solder Mask Opening
: : See Note E
\ o j ( )
‘ el 0,07 /
\ All Around /
\\ ’/,
. L
N~ - —
4211284-2/E 07/12
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for alternate designs.
D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

PW (R-PDS0O—-G16) PLASTIC SMALL OUTLINE

N
16 9

LT —
|

4,50 6,60
4,50 6,20

[ \ [\
i Seating P\Gne¢ g_\\)

[~ ]o,10

5

L 1,20 MAX

=]
|l

<o
O

40400644 /G 02/1

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.

B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall

not exceed 0,15 each side.
Body width does not include interlead flash. Interlead flash shall not exceed 0,25 each side.

E. Falls within JEDEC MO-153
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LAND PATTERN DATA

PW (R—PDSO-G16)

PLASTIC SMALL OUTLINE

ExqmpI?N?)?:rg)Layout Stené:hllo&p%rsings
—= =— 16x0,30
_>| 14x0,65 ‘ _>| |<_1 4x0,65
LA
- 16x1,55
it s b
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Qi et
"._\“\___//
‘.
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\, Example
'\ Non Soldermask Defined Pad Example
H . Pad Geometry
* /// (See Note C)
I/” — ]
l/l —
[
! \ E I
| 1,60 / Solder GgrsT;(pgpening
"\ * j (See Note E)
“\\ — || —— 0,07 ,/’
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NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for alternate designs.
D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA
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NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA
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(See Note C)
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NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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(3,25 mm x 3,25 mm)

*

ot

PS63002

SLVS520B-MARCH 2006—REVISED JULY 2008

HIGH EFFICIENT SINGLE INDUCTOR BUCK-BOOST CONVERTER WITH 1.8-A SWITCHES

FEATURES

A

Up to 96% Efficiency

1200-mA Output Current at 3.3V in Step Down
Mode (VIN = 3.6V to 5.5V)

Up to 800-mA Output Current at 3.3V in Boost
Mode (VIN > 2.4V)

Automatic Transition between Step Down and
Boost Mode

Device Quiescent Current less than 50pA
Input Voltage Range: 1.8V to 5.5V

Fixed and Adjustable Output Voltage Options
from 1.2V to 5.5V

Power Save Mode for Improved Efficiency at
Low Output Power

Forced Fixed Frequency Operation and
Synchronization possible

Load Disconnect During Shutdown
Over-Temperature Protection

Available in Small 3 mm x 3 mm, QFN-10
Package

L1

APPLICATIONS

e All Two-Cell and Three-Cell Alkaline, NiCd or
NiMH or Single-Cell Li Battery Powered
Products

» Portable Audio Players

» PDAs

e Cellular Phones

* Personal Medical Products
 White LEDs

DESCRIPTION

The TPS6300x devices provide a power supply
solution for products powered by either a two-cell or
three-cell alkaline, NiCd or NiMH battery, or a
one-cell Li-lon or Li-polymer battery. Output currents
can go as high as 1200 mA while using a single-cell
Li-lon or Li-Polymer Battery, and discharge it down to
2.5V or lower. The buck-boost converter is based on
a fixed frequency, pulse-width-modulation (PWM)
controller using synchronous rectification to obtain
maximum efficiency. At low load currents, the
converter enters Power Save mode to maintain high
efficiency over a wide load current range. The Power
Save mode can be disabled, forcing the converter to
operate at a fixed switching frequency. The maximum
average current in the switches is limited to a typical
value of 1800 mA. The output voltage is
programmable using an external resistor divider, or is
fixed internally on the chip. The converter can be
disabled to minimize battery drain. During shutdown,
the load is disconnected from the battery. The device
is packaged in a 10-pin QFN PowerPAD™ package
measuring 3 mm x 3 mm (DRC).

Y YN
t 2.2uH J
L1 L2
VN 4 VIN VOUT ® Vout
1.8V to C1L VINA LCZ 3.3V up to
5.5V 1200mA
10uF EN FB 10pF
L— PS/SYNC
GND PGND
TPS63001

S

PowerPAD is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

Please be aware that an important notice concerning availability,
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

standard warranty, and use in critical applications of Texas

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 2006-2008, Texas Instruments Incorporated
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

AVAILABLE OUTPUT VOLTAGE OPTIONS®

Ta OUTP%TCYE%TAGE PACKAGE MARKING PACKAGE PART NUMBER®
Adjustable BPT TPS63000DRC
—40°C to 85°C 33V BPU 10-Pin QFN TPS63001DRC
50V BPV TPS63002DRC

(1) Contact the factory to check availability of other fixed output voltage versions.
(2) The DRC package is available taped and reeled. Add R suffix to device type (e.g., TPS63000DRCR) to order quantities of 3000 devices
per reel. Add T suffix to device type (e.g., TPS63000DRCT) to order quantities of 250 devices per reel.

ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range (unless otherwise noted)®

TPS6300x

Input voltage range on VIN, VINA, L1, L2, VOUT, PS/SYNC, EN, FB

-03Vto7V

Operating virtual junction temperature range, T;

—40°C to 150°C

Storage temperature range Tgyg

—65°C to 150°C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods my affect device reliability.

DISSIPATION RATINGS TABLE

PACKAGE THERMAL RESISTANCE POWER RATING DERATING FACTOR ABOVE

OJA TAS 25°C TA =25°C

DRC 48.7°CIW 2054 mwW 21 mw/°C

RECOMMENDED OPERATING CONDITIONS
MIN NOM  MAX |UNIT

Supply voltage at VIN, VINA 1.8 55 \%
Operating free air temperature range, Ta -40 85 °C
Operating virtual junction temperature range, T, -40 125 °C

2 Bubmif Documentafion FeedbacK Copyright © 2006-2008, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS

over recommended free-air temperature range and over recommended input voltage range (typical at an ambient temperature

range of 25°C) (unless otherwise noted)

DC/DC STAGE

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT

V Input voltage range 1.8 55 \%
\ Input voltage range for startup 1.9 5.5 \%
Vo TPS63000 output voltage range 1.2 55 \%
Veg TPS63000 feedback voltage 495 500 505 mV
f Oscillator frequency 1250 1500 kHz

Frequency range for synchronization 1250 1800 kHz
lsw Switch current limit VIN=ViNa=3.6V, Ty =25°C 1600 1800 2000 mA

High side switch on resistance VIN=ViNa=3.6V 100 mQ

Low side switch on resistance VIN=ViNa=3.6V 100 mQ

Line regulation 0.5%

Load regulation 0.5%

VIN 1 1.5 HA
Quiescent lo= OmA, VeEn=VIN=VNa=3.6 Y,
lq current VINA Vour =33V 40 50 KA
VOUT (adjustable output voltage) 4 6 HA
FB input impedance (fixed output voltage) MQ
Ig Shutdown current VeEN=0V,ViN=VNa=3.6V 0.1 1 HA

CONTROL STAGE

Vuvio Under voltage lockout threshold

V|na Voltage decreasing

15 17 1.8 \%

Vi EN, PS/SYNC input low voltage 0.4 \%

Vi EN, PS/SYNC input high voltage 1.2 \%
EN, PS/SYNC input current Clamped on GND or VINA 0.01 0.1 HA
Overtemperature protection 140 °C
Overtemperature hysteresis 20 °C

Copyright © 2006-2008, Texas Instruments Incorporated Bubmit Documentation FeedbacK 3
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PIN ASSIGNMENTS
DRC PACKAGE
(TOP VIEW)
vouTfio—-- 1fFs
L2i | o) oND
PGNDE | & | viNa
L I | qesisyne
VIN G \jﬂ[g T1EN
Terminal Functions
TERMINAL
NAME NO. 110 DESCRIPTION
EN 6 | Enable input. (1 enabled, 0 disabled)
FB 10 | Voltage feedback of adjustable versions, must be connected to VOUT on fixed output voltage versions
GND 9 Control / logic ground
PS/SYNC 7 | Enable / disable power save mode (1 disabled, 0 enabled, clock signal for synchronization)
L1 4 | Connection for Inductor
L2 2 | Connection for Inductor
PGND 3 Power ground
VIN 5 | Supply voltage for power stage
VOUT 1 O Buck-boost converter output
VINA 8 | Supply voltage for control stage
PowerPAD™ Must be soldered to achieve appropriate power dissipation. Should be connected to PGND.
4 Bubmif Documentafion FeedbacK Copyright © 2006-2008, Texas Instruments Incorporated
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FUNCTIONAL BLOCK DIAGRAM (TPS63000)
[—————————————
VIN :
| | Current |
| Sensor |
| |
| |
| - -
| VBAT — PGND | PGND = l
| —— Gate |
| _VYOUT | control |
| |
[ 1| |
VINA | | | Modulator 1— s
| N 1 l
| l VREF |
PSISYNC | Oscillator ¢ |
|
: Device 1 |
| Control ® - |
EN Temperature :
: Control PGND
GND I—l PGND = |
e e Jd
TYPICAL CHARACTERISTICS
TABLE OF GRAPHS
DESCRIPTION FIGURE
Maximum output current vs Input voltage 1
Efficiency vs Output current (TPS63001) 2
vs Output current (TPS63002) 3
vs Input voltage (TPS63001) 4
vs Input voltage (TPS63002) 5
Output voltage vs Output current (TPS63001) 6
vs Output current (TPS63002) 7
Waveforms Output voltage in continuous current mode (TPS63001, VIN > VOUT) 8
Output voltage in continuous current mode (TPS63001, VIN < VOUT) 9
Output voltage in continuous current mode (TPS63001, VIN = VOUT) 10
Output voltage in power save mode (TPS63001, VIN > VOUT) 11
Output voltage in power save mode (TPS63001, VIN < VOUT) 12
Load transient response (TPS63001, VIN > VOUT) 13
Load transient response (TPS63001, VIN < VOUT) 14
Line transient response (TPS63001, lout = 300mA) 15
Line transient response (TPS63001, lout = 600mA) 16
Startup after enable (TPS63000, VOUT = 2.5V) 17
Startup after enable (TPS63002) 18
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MAXIMUM OUTPUT CURRENT EFFICIENCY
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INPUT VOLTAGE OUTPUT CURRENT (TPS63001)
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E 6001/ V,=33V 30
e
E 400 20
N) / TPS63001
200 10 V,=33V ||
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V, - Input Voltage - V lg - Output Current - A
Figure 1. Figure 2.
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Figure 3. Figure 4.
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Figure 5. Figure 6.
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Figure 7.
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OUTPUT VOLTAGE IN CONTINUOUS

~ TPS63001 - V=42V,
Vo=33V - lo =500 mA
Timebase 500 ns/div
Figure 8.

Output Voltage

1 10 mV/div

| L1 Voltage

5 Vidiv

L2 Voltage
5 Vidiv

500 mA/div

OUTPUT VOLTAGE IN CONTINUOUS

CURRENT MODE (TPS63001, VIN = VOUT)

e

- TPS63001,
Vg=33V

V;=3.3V,Ig=500mA

Timebase

500 ns/div
Figure 10.

Output Voltage
10 mV/div

L1 Voltage
5 Vidiv

1 L2 Voltage

5 Vidiv

Inductor Current
= 500 mA/div

OUTPUT VOLTAGE IN CONTINUOUS

CURRENT MODE (TPS63001, VIN > VOUT)

1 Output Voltage
110 mV/div

' '; L1 Voltage
1 5 Vidiv

L2 Voltage
5 Vidiv

] Inductor Current | .

TPS63001,
Vo=33V

V=24V, 15=500mA

**{ Inductor Current
1 500 mA/div

Timebase 500 ns/Div

Figure 9.

OUTPUT VOLTAGE IN POWER

Output Voltage
100 mV/div

| TPS63001,
Vo=33V

V,=4.2V,1g =50 mA

Inductor Current
500 mA/div,dc

Timebase 5 us/Div

Figure 11.
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OUTPUT VOLTAGE IN POWER

SAVE MODE (TPS63001, VIN < VOUT)

1 Output Voltage
£ 100 mV/div, ac

Timebase 5 ps/div

- TPS63001,
- Vg=33V

V=24V, Ig=50 mA |

“1500 mA/div, dc

Figure 12.

LOAD TRANSIENT RESPONSE

(TPS63001, VIN < VOUT)

100 mV/div, ac

Vo=33V

TPS63001, . ...

VyE3Y,
o= 200 mA to 600 mA

"1 200 mA/div,dc

Timebase 2 ms/div

Figure 14.

1Inductor Current |

LOAD TRANSIENT RESPONSE

Output Voltage
100 mV/div, ac

. Output Current
200 mA/div, dc

Timebase 2 ms/div

Figure 13.

LINE TRANSIENT RESPONSE

Output Voltage |

(TPS63001, lout = 300mA)

Output Voltage
10 mV/div,ac

e

:TP'S:63'0'0‘.|,” L

Vo=33V

OutputCurrent | - b

L V|=3Vito3.6V, -]

I0:= 30q mAE

Input Voltage
11 Vidiv,dc

Timebase 2 ms/div

Figure 15.
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LINE TRANSIENT RESPONSE

(TPS63001, lout = 600mA)

STARTUP AFTER ENABLE
(TPS63000, VOUT = 2.5V)

Output Voltage

L

20 mV/div,ac

 TPS63001, .
Vo =33V

Input Voltage
41 Vidiv,dc

V;=3Vto36V,
Io = 600 mA

Timebase 2 ms/div

Enable
l_ 1 2 Vidiv,dc
F " Output Voltage
a 1 Vidiv,dc
. Inductor Current
1 200 mA/div,dc
- Voltage at L1
TPS63000, - : ¢
Vo=25V ... ]2vidiv, de
V;=3.3V,1g=300mA

Timebase 50 ps/div

Figure 16.
STARTUP AFTER ENABLE
(TPS63002)
: 4
-_ .....
TPS63002, -
Vg=5V
~ V|=24V,1g =300 mA

Timebase 100 us/div

Figure 18.

Figure 17.

Enable
2 V/div, dc

Output Voltage
2 Vidiv, dc

Inductor Current
500 mA/div, dc

Voltage at L2
2 Vidiv,dc

10 EBubmit Documentafion FeedbacH

Copyright © 2006-2008, Texas Instruments Incorporated

Product Folder Link(s): [PS63009 [[PSE3001TPS63004


http://focus.ti.com/docs/prod/folders/print/tps63000.html
http://focus.ti.com/docs/prod/folders/print/tps63001.html
http://focus.ti.com/docs/prod/folders/print/tps63002.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVS520B&partnum=TPS63000
http://focus.ti.com/docs/prod/folders/print/tps63000.html
http://focus.ti.com/docs/prod/folders/print/tps63001.html
http://focus.ti.com/docs/prod/folders/print/tps63002.html

13 TEXAS

INSTRUMENTS

www.ti.com

PS63002

SLVS520B—-MARCH 2006—REVISED JULY 2008

PARAMETER MEASUREMENT INFORMATION

L1
Y'Y YN
t L1 L2 J
VN Vout
VIN VOUT
C1 R3 VINA R1 c2
EN FB
C3 PS/SYNC R2
I GND PGND
TPS6300X -
List of Components
REFERENCE DESCRIPTION MANUFACTURER
TPS63000/1/2 Texas Instruments
L1 VLF4012-2R2 TDK
C1l 10 pF 6.3V, 0603, X7R ceramic
C2 2 x 10 pF 6.3V, 0603, X7R ceramic
C3 0.1 pF, X7R ceramic
R3 100 Q
R1, R2 Depending on the output voltage at TPS63000, not used at TPS6300 1/ 2
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DETAILED DESCRIPTION

CONTROLLER CIRCUIT

The controlling circuit of the device is based on an average current mode topology. The average inductor current
is regulated by a fast current regulator loop which is controlled by a voltage control loop. The controller also uses
input and output voltage feedforward. Changes of input and output voltage are monitored and immediately can
change the duty cycle in the modulator to achieve a fast response to those errors. The voltage error amplifier
gets its feedback input from the FB pin. At adjustable output voltages a resistive voltage divider must be
connected to that pin. At fixed output voltages FB must be connected to the output voltage to directly sense the
voltage. Fixed output voltage versions use a trimmed internal resistive divider. The feedback voltage will be
compared with the internal reference voltage to generate a stable and accurate output voltage.

The controller circuit also senses the average input current as well as the peak input current. With this, maximum
input power can be controlled as well as the maximum peak current to achieve a safe and stable operation under
all possible conditions. To finally protect the device from overheating, an internal temperature sensor is
implemented.

Synchronous Operation

The device uses 4 internal N-channel MOSFETs to maintain synchronous power conversion at all possible
operating conditions. This enables the device to keep high efficency over a wide input voltage and output power
range.

To avoid ground shift problems due to the high currents in the switches, two separate ground pins GND and
PGND are used. The reference for all control functions is the GND pin. The power switches are connected to
PGND. Both grounds must be connected on the PCB at only one point ideally close to the GND pin. Due to the
4-switch topology, the load is always disconnected from the input during shutdown of the converter.

Buck-Boost Operation

To be able to regulate the output voltage properly at all possible input voltage conditions, the device
automatically switches from step down operation to boost operation and back as required by the configuration. It
always uses one active switch, one rectifying switch, one switch permanently on, and one switch permanently off.
Therefore, it operates as a step down converter (buck) when the input voltage is higher than the output voltage,
and as a boost converter when the input voltage is lower than the output voltage. There is no mode of operation
in which all 4 switches are permanently switching. Controlling the switches this way allows the converter to
maintain high efficiency at the most important point of operation; when input voltage is close to the output
voltage. The RMS current through the switches and the inductor is kept at a minimum, to minimize switching and
conduction losses. Switching losses are also kept low by using only one active and one passive switch.
Regarding the remaining 2 switches, one is kept permanently on and the other is kept permanently off, thus
causing no switching losses.

Power Save Mode and Synchronization

The PS/SYNC pin can be used to select different operation modes. To enable power save, PS/SYNC must be
set low. Power save mode is used to improve efficiency at light load. If power save mode is enabled, the
converter stops operating if the average inductor current gets lower than about 300 mA and the output voltage is
at or above its nominal value. If the output voltage decreases below its nominal value, the device ramps up the
output voltage again by starting operation using a programmed average inductor current higher than required by
the current load condition. Operation can last for one or several pulses. The converter again stops operating
once the conditions for stopping operation are met again.

The power save mode can be disabled by programming high at the PS/SYNC. Connecting a clock signal at
PS/SYNC forces the device to synchronize to the connected clock frequency. Synchronization is done by a PLL,
so synchronizing to lower and higher frequencies compared to the internal clock works without any issues. The
PLL can also tolerate missing clock pulses without the converter malfunctioning. The PS/SYNC input supports
standard logic thresholds.
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Device Enable

The device is put into operation when EN is set high. It is put into a shutdown mode when EN is set to GND. In
shutdown mode, the regulator stops switching, all internal control circuitry is switched off, and the load is
disconnected from the input. This also means that the output voltage can drop below the input voltage during
shutdown. During start-up of the converter, the duty cycle and the peak current are limited in order to avoid high
peak currents flowing from the input.

Softstart and Short Circuit Protection

After being enabled, the device starts operating. The average current limit ramps up from an initial 400mA
following the output voltage increasing. At an output voltage of about 1.2 V, the current limit is at its nominal
value. If the output voltage does not increase, the current limit will not increase. There is no timer implemented.
Thus the output voltage overshoot at startup, as well as the inrush current, is kept at a minimum. The device
ramps up the output voltage in a controlled manner even if a very large capacitor is connected at the output.
When the output voltage does not increase above 1.2 V, the device assumes a short circuit at the output and
keeps the current limit low to protect itself and the application. At a short at the output during operation the
current limit also will be decreased accordingly. At 0 V at the output, for example, the output current will not
exceed about 400 mA.

Undervoltage Lockout

An undervoltage lockout function prevents device start-up if the supply voltage on VINA is lower than
approximately its threshold (see electrical characteristics table). When in operation, the device automatically
enters the shutdown mode if the voltage on VINA drops below the undervoltage lockout threshold. The device
automatically restarts if the input voltage recovers to the minimum operating input voltage.

Overtemperature Protection

The device has a built-in temperature sensor which monitors the internal IC temperature. If the temperature
exceeds the programmed threshold (see electrical characteristics table) the device stops operating. As soon as
the IC temperature has decreased below the programmed threshold, it starts operating again. There is a built-in
hysteresis to avoid unstable operation at IC temperatures at the overtemperature threshold.
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APPLICATION INFORMATION

DESIGN PROCEDURE

The TPS6300x dc/dc converters are intended for systems powered by one-cell Li-lon or Li-Polymer battery with a
typical voltage between 2.3 V and 4.5 V. They can also be used in systems powered by a double or triple cell
Alkaline, NiCd, or NiMH battery with a typical terminal voltage between 1.8 V and 5.5 V . Additionally, any other
voltage source with a typical output voltage between 1.8 V and 5.5 V can power systems where the TPS6300x is
used.

PROGRAMMING THE OUTPUT VOLTAGE

Within the TPS6300X family there are fixed and adjustable output voltage versions available. To properly
configure the fixed output voltage devices, the FB pin is used to sense the output voltage. This means that it
must be connected directly to VOUT. At the adjustable output voltage versions, an external resistor divider is
used to adjust the output voltage. The resistor divider must be connected between VOUT, FB and GND. When
the output voltage is regulated properly, the typical value of the voltage at the FB pin is 500mV. The maximum
recommended value for the output voltage is 5.5V. The current through the resistive divider should be about 100
times greater than the current into the FB pin. The typical current into the FB pin is 0.01 pA, and the voltage
across the resistor between FB and GND, R,, is typically 500 mV. Based on those two values, the recommended
value for R, should be lower than 500kQ, in order to set the divider current at 1puA or higher. It is recommended
to keep the value for this resistor in the range of 200kQ. From that, the value of the resistor connected between
VOUT and FB, R4, depending on the needed output voltage (Voyr), can be calculated using Equafion 1I:

Vv

_ ouT
Ry = Ry X (v_ 1)

FB (1)

If as an example, an output voltage of 3.3 V is needed, a 1.0 MQ resistor should be chosen for R;. To improve
control performance using a feedforward capacitor in parallel to R; is recommended. The value for the

feedforward capacitor can be calculated using Equafion 2.
2.2 us
Cq = £ WS
R
1 2
L1
Y'Y YN
L1 L2 J v
Y%
N l VIN  VOoUT =l
c1 R3 VINA R1 c2
EN FB
C3 PS/SYNC R2
I — GND PGND

TPS6300X -

o

Figure 19. Typical Application Circuit for Adjustable Output Voltage Option

INDUCTOR SELECTION

To properly configure the TPS6300X devices, an inductor must be connected between pin L1 and pin L2. To
estimate the inductance value Equation 3 and Equation 4 can be used.
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L Vourt (VINl - VOUT)
1=
Ving X fx03A @)
L Ving % (VOUT - VINZ)
5=
VOUT X fx03A )
In both equations f is the minimum switching frequency. In the minimum inductance value, L, for step
down mode operation is calculated. V; is the maximum input voltage. In the minimum inductance,

L,, for boost mode operation is calculated. V)y, is the minimum input voltage. The recommended minimum
inductor value is either L, or L, whichever is higher. As an example, a suitable inductor for generating 3.3V from
a Li-lon battery with a battery voltage range from 2.5V up to 4.2V is 2.2 pH. The recommended inductor value
range is between 1.5 uH and 4.7 yH. In general, this means that at high voltage conversion rates, higher inductor
values offer better performance.

With the chosen inductance value, the peak current for the inductor in steady state operation can be calculated.

shows how to calculate the peak current |, in step down mode operation and shows how
to calculate the peak current |, in boost mode operation.
L louT . VOUT(VINl - VOUT)
1=
0.8 2 X VINl x fxL ®)

. _ Your * lour Ving % (VOUT - VINZ)
, =
0.8><VIN2 2><VOUT><f><L

(6)

The critical current value for selecting the right inductor is the higher value of I; and I,. It also needs to be taken
into account that load transients and error conditions may cause higher inductor currents. This also needs to be
taken into account when selecting an appropriate inductor. The following inductor series from different suppliers
have been used with TPS6300x converters:

Table 1. List of Inductors

VENDOR INDUCTOR SERIES
. LPS3015
Coilcraft
LPS4012
Murata LQH3NP
Tajo Yuden NR3015
VLF3215
TDK
VLF4012

CAPACITOR SELECTION

Input Capacitor

At least a 4.7 pF input capacitor is recommended to improve transient behavior of the regulator and EMI
behavior of the total power supply circuit. A ceramic capacitor placed as close as possible to the VIN and PGND
pins of the IC is recommended.

Output Capacitor

For the output capacitor, it is recommended to use small ceramic capacitors placed as close as possible to the
VOUT and PGND pins of the IC. If, for any reason, the application requires the use of large capacitors which can
not be placed close to the IC, using a smaller ceramic capacitor in parallel to the large one is recommended.
This small capacitor should be placed as close as possible to the VOUT and PGND pins of the IC.

To get an estimate of the recommended minimum output capacitance, can be used.

Copyright © 2006-2008, Texas Instruments Incorporated Bubmit Documentation FeedbacK 15
Product Folder Link(s): [PS63000 [PSE3001TPS63007



http://focus.ti.com/docs/prod/folders/print/tps63000.html
http://focus.ti.com/docs/prod/folders/print/tps63001.html
http://focus.ti.com/docs/prod/folders/print/tps63002.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVS520B&partnum=TPS63000
http://focus.ti.com/docs/prod/folders/print/tps63000.html
http://focus.ti.com/docs/prod/folders/print/tps63001.html
http://focus.ti.com/docs/prod/folders/print/tps63002.html

|i PS63000 .
13 TEXAS

INSTRUMENTS
PS63002
SLVS520B—-MARCH 2006—REVISED JULY 2008 www.ti.com
ukF
C =5XLX—
ouT uH e

A capacitor with a value in the range of the calculated minimum should be used. This is required to maintain
control loop stability. There are no additional requirements regarding minimum ESR. There is also no upper limit
for the output capacitance value. Larger capacitors will cause lower output voltage ripple as well as lower output
voltage drop during load transients.

LAYOUT CONSIDERATIONS

As for all switching power supplies, the layout is an important step in the design, especially at high peak currents
and high switching frequencies. If the layout is not carefully done, the regulator could show stability problems as
well as EMI problems. Therefore, use wide and short traces for the main current path and for the power ground
tracks. The input capacitor, output capacitor, and the inductor should be placed as close as possible to the IC.
Use a common ground node for power ground and a different one for control ground to minimize the effects of
ground noise. Connect these ground nodes at any place close to one of the ground pins of the IC.

The feedback divider should be placed as close as possible to the control ground pin of the IC. To lay out the
control ground, it is recommended to use short traces as well, separated from the power ground traces. This
avoids ground shift problems, which can occur due to superimposition of power ground current and control
ground current.

THERMAL INFORMATION

Implementation of integrated circuits in low-profile and fine-pitch surface-mount packages typically requires
special attention to power dissipation. Many system-dependent issues such as thermal coupling, airflow, added
heat sinks and convection surfaces, and the presence of other heat-generating components affect the
power-dissipation limits of a given component.

Three basic approaches for enhancing thermal performance are listed below.

« Improving the power dissipation capability of the PCB design

» Improving the thermal coupling of the component to the PCB by soldering the PowerPAD

* Introducing airflow in the system

The maximum recommended junction temperature (T;) of the TPS6300x devices is 125°C. The thermal
resistance of the 10-pin QFN 3 x 3 package (DRC) is Rg;a = 48.7°C/W, if the PowerPAD is soldered. Specified
regulator operation is assured to a maximum ambient temperature T, of 85°C. Therefore, the maximum power

dissipation is about 820mW, as calculated in Equation g. More power can be dissipated if the maximum ambient
temperature of the application is lower.

T -T
J(MAX) A _ 125°C — 85°C

D(MAX) Rgia ag7oc/w oM

®
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty

TPS63000DRCR ACTIVE SON DRC 10 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

TPS63000DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

TPS63000DRCT ACTIVE SON DRC 10 1 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

TPS63000DRCTG4 ACTIVE SON DRC 10 1 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

TPS63001DRCR ACTIVE SON DRC 10 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

TPS63001DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

TPS63001DRCT ACTIVE SON DRC 10 250 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

TPS63001DRCTG4 ACTIVE SON DRC 10 250 Green(RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

TPS63002DRCR ACTIVE SON DRC 10 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

TPS63002DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

TPS63002DRCT ACTIVE SON DRC 10 250 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

TPS63002DRCTG4 ACTIVE SON DRC 10 250 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sbh/Br)

O The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

®) MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TPS63000 :
o Automotive: TPS63000-Q1

NOTE: Qualified Version Definitions:
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
* —» =K e— P1—
% { I
T
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A T {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS63000DRCR SON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS63000DRCR SON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS63000DRCT SON DRC 10 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS63000DRCT SON DRC 10 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS63001DRCR SON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS63001DRCR SON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS63001DRCT SON DRC 10 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS63002DRCR SON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS63002DRCR SON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS63002DRCT SON DRC 10 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS63002DRCT SON DRC 10 250 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS63000DRCR SON DRC 10 3000 367.0 367.0 35.0
TPS63000DRCR SON DRC 10 3000 367.0 367.0 35.0
TPS63000DRCT SON DRC 10 250 210.0 185.0 35.0
TPS63000DRCT SON DRC 10 250 210.0 185.0 35.0
TPS63001DRCR SON DRC 10 3000 367.0 367.0 35.0
TPS63001DRCR SON DRC 10 3000 367.0 367.0 35.0
TPS63001DRCT SON DRC 10 250 210.0 185.0 35.0
TPS63002DRCR SON DRC 10 3000 367.0 367.0 35.0
TPS63002DRCR SON DRC 10 3000 367.0 367.0 35.0
TPS63002DRCT SON DRC 10 250 210.0 185.0 35.0
TPS63002DRCT SON DRC 10 250 340.5 338.1 20.6
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MECHANICAL DATA

DRC (S—PVSON—=N10) PLASTIC SMALL OUTLINE NO—LEAD
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NOTES: A, All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.

A

B. This drawing is subject to change without notice.

C. Small Outline No—Lead (SON) package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance, if present.
E

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features
and dimensions, if present
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THERMAL PAD MECHANICAL DATA

DRC (S—PVSON—N10) PLASTIC SMALL OUTLINE NO-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.
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Bottom View

Exposed Thermal Pad Dimensions
4206565-3/N  07/12

NOTE: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

DRC (S—PVSON—N10)

PLASTIC SMALL OUTLINE NO—-LEAD

Example Board Loyout Example Stencil Design
(Note E)
Note D |~ 8x0,5 ‘« 8%0.5
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//’ 2 AN 727% solder coverage on center pad
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| Non Solder Mask \, Exposed Pad Geometry
| Defined Pad T
\_ Solder Mask Opening
(Note F)
Pad Geometry
(Note C)
4206987-2/G 06/11
NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for alternate designs.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack

Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46C and to discontinue any product or service per JESD48B. Buyers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All
semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale supplied at the time
of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.
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WARRANTY

Parallax Inc. warrants its products against defects in materials and workmanship for a period of 90 days from receipt of product. If you
discover a defect, Parallax Inc. will, at its option, repair or replace the merchandise, or refund the purchase price. Before returning the
product to Parallax, call for a Return Merchandise Authorization (RMA) number. Write the RMA number on the outside of the box used to
return the merchandise to Parallax. Please enclose the following along with the returned merchandise: your name, telephone number,
shipping address, and a description of the problem. Parallax will return your product or its replacement using the same shipping method
used to ship the product to Parallax.

14-DAY MONEY BACK GUARANTEE

If, within 14 days of having received your product, you find that it does not suit your needs, you may return it for a full refund. Parallax
Inc. will refund the purchase price of the product, excluding shipping/handling costs. This guarantee is void if the product has been altered
or damaged. See the Warranty section above for instructions on returning a product to Parallax.

COPYRIGHTS AND TRADEMARKS

This documentation is copyright © 2010 by Parallax Inc. By downloading or obtaining a printed copy of this documentation or software
you agree that it is to be used exclusively with Parallax microcontrollers. Any other uses are not permitted and may represent a violation of
Parallax copyrights, legally punishable according to Federal copyright or intellectual property laws. Any duplication of this documentation
for commercial uses is expressly prohibited by Parallax Inc. Duplication for educational use is permitted, subject to the following
Conditions of Duplication: the text, or any portion thereof, may not be duplicated for commercial use; it may be duplicated only for
educational purposes when used solely in conjunction with Parallax microcontrollers, and the user may recover from the student only the
cost of duplication.

Thistext is available in printed format from Parallax Inc. Because we print the text in volume, the consumer price is often less than typical
retail duplication charges.

XBee and XBee Pro are registered trademarks of Digi Internationa Inc. Bluetooth is aregistered trademark of Bluetooth Inc. Sig. Propeller
and Spin are trademarks of Parallax Inc. BASIC Stamp and Boe-Bot are registered trademarks of Parallax, Inc. If you decide to use any
trademarks of Parallax Inc. on your web page or in printed material, you must state that (trademark) is a (registered) trademark of (owner)
upon the first appearance of the trademark name in each printed document or web page. Other brand and product names herein are
trademarks or registered trademarks of their respective holders.
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DISCLAIMER OF LIABILITY

Parallax Inc. is not responsible for special, incidental, or consequential damages resulting from any breach of warranty, or under any legal
theory, including lost profits, downtime, goodwill, damage to or replacement of equipment or property, or any costs of recovering,
reprogramming, or reproducing any data stored in or used with Parallax products. Paralax Inc. is aso not responsible for any personal
damage, including that to life and health, resulting from use of any of our products. Y ou take full responsibility for your BASIC Stamp,
Propeller, and/or XBee application, no matter how life-threatening it may be.

PUBLIC FORUMS
We maintain active web-based discussion forums for people interested in Parallax products, at http://forums.parallax.com:

Propeller chip—Thislist is specifically for our customers using multicore Propeller chips and products.

BASIC Stamp — Thislist iswidely utilized by engineers, hobbyists and students who share their projects and ask questions.
Sensors — Discussion relating to Parallax sensors or for interfacing sensors to Parallax processors.

Stamps in Class® — Created for educators and students using the Stamps in Class series of tutorials and hardware.

Parallax Educators— A private forum exclusively for educators and tutorial devel opers; resources such as solved test banks,
example code, and classroom materials are posted here. Email education@parallax.com for enrollment instructions.
Robotics — Designed for Parallax robots, this forum is intended to be an open dialogue for robotics enthusiasts.

. PropScope — Discussion and support for using the Propell er-based PropScope oscill oscope and accessories.

e  Wireless— For customers using XBee, RFID, GSM/GPRS, and other wireless tools with their projects.

ERRATA

While great effort is made to assure the accuracy of our texts, errors may still exist. If you find an error, please let us know by sending an
email to editor@parallax.com. We continually strive to improve all of our educational materials and documentation, and frequently revise
our texts. Occasionaly, an errata sheet with a list of known errors and corrections for a given text will be posted to our web site,
www.parallax.com. Please check the individua product page's free downloads for an erratafile.
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Introduction

Introduction

As researchers and teachers at Southern Illinois University Carbondale (SIUC) in Electronics Systems
Technologies (EST), we have used the XBee 802.15.4 modules extensively in the classroom and in
research endeavors. Through national and international collaborations, we have developed systems
using the 802.15.4 XBee in real-time biological monitoring, citrus vibration monitoring during
harvest, and other monitoring and control systems—such as robotics! With the XBee ZB modules we
have collaborated with the USDA on field irrigation monitoring and control. We hope you find them
as useful and fun as we have.

This tutorial is designed primarily for XBee 802.15.4 modules. What about XBee ZB?

All of our projects in chapters 1 through 7 have been designed using XBee 802.15.4 modules,
sometimes referred to as Series 1. XBee ZB modules, sometimes referred to as Series 2, are not a
drop-in replacement for the 802.15.4 modules due to code incompatibility and X-CTU configuration
requirements. So you will need to make some significant changes in the XBee setup and
microcontroller code to perform these activities with XBee ZB modules.

For example, the following pertains to XBee ZB modules:

e An XBee must have the AT Coordinator firmware downloaded to it using Digi’s X-CTU
software and the XBee USB Adapter Board (Part number 32400).

e XBee modules used as Endpoints need AT Endpoint firmware downloaded using X-CTU
software and the XBee USB Adapter.

o If aRouter is needed, the XBee needs to have AT Router firmware downloaded to it using
X-CTU software and the USB Adapter.

o Unlike the 802.15.4 XBee, the addresses of XBee ZB modules are NOT configurable by the
user. They are assigned by the Coordinator, so it makes duplex communication more
troublesome.

¢ For Remote Endpoints to send data to the Base Coordinator, simply use a destination address
(DL) of 0.

e The best suggestion for Coordinator to Remote Endpoint communications is to use the
broadcast address (DL) of $FFFF from the Coordinator to send datato ALL Endpoints.

o If you decide to use API firmware versions, few to none of the APl code examplesin Chapter
6 or the XBee_Object.spin operations will be functional.

For these reasons we have chosen to use XBee 802.15.4 modules in the mgjority of this tutorial.
These modules support networking and have proven capable for the vast majority of our projects. If
mesh networking with routing is needed, some of the principles in this tutorial may be used, but the
code will need to be modified to meet addressing needs. However, you can learn great information
from this tutorial to use with XBee ZB modules, and Chapter 8 does include a Getting Started guide
for basic configuration of XBee ZB modules.

XBee Modules Available from Parallax Inc.

802.15.4 Modules ZB Modules
32404 XB24-ACI-001 XBee 2mW Chip Ant
32405 XB24-AWI-001 XBee 2mW Wire Ant 32408 XBP24-Z7WIT-004XBEE PRO WIRANT
32406 XBP24-ACI-001 XBee 60mW Chip A 32409 XB24-Z7WIT-004 XBEE 1MW WIRANT
32407 XBP24-AWI-001 XBee 60mW Wire A

Page4 - Getting Started with XBee Modules




1: Networking & XBee Overview

1: Networking & XBee Overview

The XBee RF Modem from Digi International is a wireless transceiver. The XBee uses a fully
implemented protocol for data communications that provides features needed for robust network
communications in a wireless sensor network (WSN). Features such as addressing,
acknowledgements and retries help ensure safe delivery of data to the intended node. The XBee aso
has additional features beyond data communications for use in monitoring and control of remote
devices. This chapter will discuss some essential elements of network communications and provide
an overview of the XBee module.

Multi-Node Network Issues

Many wireless modules for microcontrollers simply send data and receive data on the provided
frequency. It is up the end user and his (or her) application code to deal with issues such as media
access rules, data delivery verification, error checking, and, in multi-node networks, which node will
accept and use the data. Devices using a networking protocol can ease the work of the programmer by
handling these tasks.

In discussing the problems associated with networking, consider humans and the problems and
resolutions in ensuring the proper flow of communications. Certain rules of communication, or
protocols, are used in ensuring our message flows properly from sender to receiver across the
medium, such as the air gap when talking in person.

Media Access — Can | talk now?

In conversations between two or more people, it isimportant that two people don't talk at once or the
message from either or both may not get through as their words collide and create confusion to the
listener. In networking terms this is media access—how the parties gain access to get their words out
to be accepted and understood. People in an informal group tend to wait for an opening before
beginning to speak. What happens when two see an opening and both begin to speak at once? They
note the problem, both back off and after alittle negotiating one begins to speak, allowing that person
use of the medium to get his thoughts out.

i you heay@brHbiRGHEE
wher] evegyited to....

Figure 1-1: When Words Collide

In more formal settings, other means may be used to control who speaks when. In the classroom, the
teacher normally has exclusive access to the medium. By looking around the classroom, the teacher
informally polls the students to see if anyone requires access. Should a student raise a hand, the
teacher will allow that student to speak. In the classic novel Lord of the Flies, to ensure each castaway
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boy had a chance to speak in council, a conch shell was passed around. Whichever child held the
conch had exclusive speaking rights. This ensured each had a chance to speak without others talking
over him.

In networking, different network protocols handle access to mediain different ways, but are similar to
human communications in many ways. Ethernet (IEEE 802.3) over a shared wire uses “CSMA/CD”
much like informal human conversations. All nodes (network devices) have an equal right to send
data on the network (Multiple Access—MA). First, anode listens to see if the medium (CAT 5 cable)
isinuse. If itis, it will wait for an opening. Once it sees an opening, it attempts to transmit its data
(Carrier Sense—CS). While sending data, the node also monitors what is on the medium and if they
sense another node transmitted at the same time, the collision of data is detected and they both stop
transmitting, wait a unique amount of time, and try again (Collision Detection—CD).

The WiFi protocol (IEEE 802.11) uses CSMA/CA for access; since these nodes cannot transmit and
listen at the same time, they use extra measures to ensure collisions do not occur (Collision
Avoidance—CA). Callision avoidance also helps to alleviate the situation where two wireless
transmitters are within range of each other, but a third wireless transmitter is outside the range of the
first transmitter. The transmitter in the middle hears transmissions from both neighbors, but the
transmitters on the ends do not hear each other. They are "hidden" from each other. Thisis caled, in
networking, the “Hidden Node Problem.”

The Token Ring protocol (IEEE 802.5) ensures access and prevents collisions by passing a token
from node to node in a ring fashion, alowing each to have exclusive access to the medium in turn
much like passing the conch shell. The USB protocol uses polling—the USB host (normally the PC)
polls each USB device to seeif it requires access to communicate, and then provides it a time-sot to
communicate with the host.

Addressing — Are you talking to me?

When talking in groups, informally or in more formal situations such as the classroom, sometimes our
words are meant for a specific person and sometimes they are intended for the entire group. When
speaking to an entire group, our mannerisms and mode of speech imply the words are meant for the
group. To speak to someone individually, we address that person directly by name to identify the
intended recipient. Others may hear the message, but understand they are not meant to respond nor
perhaps use the information.

Is he talking
to me?

Can you loan me
10 bucks?

He didn’t
say my
name...

ignore!

Figure 1-2: Was That Message Meant for Me?
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Networking provides the same features—sometimes a message sent is meant for al to accept and
sometimes a message is meant for only a specific receiver. While we use names in identification, in
networks address numbers are assigned to various devices. Addresses allow the data sent to be used
by only one device (point to point) or by an entire group of devices (broadcast message or point to
multi-point). In many cases al nodes receive the “ data sent” message, but if the data does not contain
their address they are programmed to disregard the message—only the device with the correct
destination address uses the message. Networks a so have specialized addresses to indicate that all the
nodes should accept and use the message—the broadcast address.

The source address of the received message can be important too. Y ou are in a group, hear your name
and a question, but in order to respond properly you need to know who sent the message. In
networking, part of the data sent includes the originator or source address of who sent the message in
order to acknowledge and reply accordingly.

Error Checking & Acknowledgments — Did you understand me?

It's usualy important that the words we speak are acknowledged and understood. Whether in
informal setting where we are conveying some events in our lives or in more formal settings where
instructions and orders are being conveyed, it can be important that we know the recipient received
and understood the message. Some form of acknowledgment lets us know through verbal or non-
verbal feedback they are receiving the message we convey. Some situations require direct
acknowledgement, such as military orders. Other situations where less important information is being
sent may not require direct acknowledgement, such as excusing yourself from a group. In some
circumstance it can be critically important that the message is not only received, but correctly
understood. In the military, orders are often repeated back to ensure the party received the message
without error. Many times, we respond in informal situations to ensure we understood the message—
“Let’smeet at 7:00 in thelibrary.” “Library at 7:00? Okay.”

Let's meet at 7:00 in
the library.

Library at 7:00?
Okay.

g

\
\
|
[|

i

)
W

\'ﬁ

Figure 1-3: Did You Understand Me? Yes!

When passing data in a network, it is important to verify the message was received and the data
contained no errors. A simple form of error checking is to add up all the bytes values to be sent and
append that value to the data sent (checksum value). On reception, the same math is performed on the
received data and that value is checked against the received checksum value. If there is a mismatch,
the data contains errors and is not acknowledged. If the message is not received or contains errors, the
receiving node does not acknowledge the reception and the sending node retries the transmission.

Encapsulation — Pack it up and ship it!

Just as when we send a letter, we don’t simply write the letter and drop it in the mailbox hoping it
makes it to the recipient. The letter needs to be placed in an envel ope and addressed to ensure that it is
received and read by the correct person. The return address alows the recipient to know who it was
from (and for return by the post office if required). Data on a network transfers messagesin a similar
manner. The message (the data we are sending) is packaged with other data the protocol requires as
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shown in Figure 1-4. This added data typically includes: source address, destination address, error
checking values, and other pertinent information needed by the protocol. Our message is
encompassed with the other datato help ensure proper delivery to intended node.

»
»

[ ID | Length| Destination | Source | 123 | Checksum |

Microcontroller
Microcontroller

Figure 1-4: Packaging Data for Delivery

Application—Got the message, now what?

In networking terms, the packaging of the data, its point-to-point transmission, error checking and
acknowledgement is handled by the Data Link protocol. Examples of Data Link protocols include
Ethernet, Token Ring and WiFi protocols. These protocols ensure the intended node receives the data
error-free. It is up to the application to define what the message is and what to do with it once
received. What message is sent and how it will be used is the task of the application engineer—those
of us designing systems with nodes that send data between points. How will the software and
hardware will interact with one another across the network?

Through this tutorial we look at how the XBee performs the link for our data, how the XBee can be
configured as needed by our applications, and how to code our controllers to send and receive data for
specific applications.

XBee Overview

XBee Benefits

In modern wireless protocols, such as WiFi (IEEE 802.11) and Bluetooth (IEEE 802.15.1), the
protocol helps ensure data arrives at the correct destination without errors as discussed. The protocol
greatly reduces the work of the programmer in ensuring data delivery. Some key features of protocols
in ensuring data delivery and integrity include:

e Media Access; A means to ensure two network nodes do not transmit at the same time
causing data collisions and errors in transmission.

e Addressing: A means to ensure only the intended node uses the received data, allowing data
to be sent from one point to another point. Or, point to multi-point by sending a broadcast
meant for all nodes on the network.

o Error Detection: A meansto verify datareceived at the node correctly.

o Acknowledgements & Retries: A means to inform the transmitting node that the data was
delivered successfully. Lacking this, several retries may be performed in an effort to deliver
the data.
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The XBee utilizes the IEEE 802.15.4 protocol which implements all of the above features. This
protocol is known as a Low-Rate, Wireless Personal Area Network (LR-WPAN). It provides up to
250 kbps of data throughput between nodes on a CSMA/CA network. While not intended for large
volumes of data, such as image files, it provides a means of moving data quickly between nodes for
use in monitoring and control systems commonly referred to as a Wireless Sensor Network (WSN).

In comparison to Bluetooth (IEEE 802.15.1), the LR-WPAN is desighed as a much simpler protocol
with lower data transfer rates (250 kbps compared to 1 Mbps). Bluetooth was designed as a
replacement for peripheral cables and is used in communications between handheld devices, such as
phones, requiring access security and high rates of data transfer.

The XBee, using the IEEE 802.15.4 protocol, incorporates the following for communications and
control on the WSN (wireless sensor network).

o Clear Channel Assessment (CCA): Before transmitting, an XBee node listens to see if the
selected frequency channel is busy.

e Addressing: The XBee has two addressing options. a fixed 64-bit serial number (MAC
address) which cannot be changed, and a 16-bit assignable address (which we will use) that
alows over 64,000 addresses on a network.

e Error Checking and Acknowledgements: The XBee uses a checksum to help ensure received
data contains no errors. Acknowledgements are sent to the transmitting node to indicate
proper reception. Up to 3 retries are performed by default if acknowledgements are not
received.

Communication Modes

The XBee supports both an AT and an APl (Application Programming Interface) mode for sending
and receiving data at your controller. Both have their advantages.

AT Mode

In AT Mode, also called Transparent Mode, just the message data itself is sent to the module and
received by the controller. The protocol link between the two is transparent to the end user and it
appears to be a nearly direct seria link between the nodes asiillustrated previously in Figure 1-4. This
mode allows simple transmission and reception of serial data. AT Commands are used to configure
the XBee, such asto send the data to a node with an address of 5: ATDL 5.

AT Commands and examples will be explored in more depth later, but the process requires placing
the XBee into Command Mode, sending AT codes for configuration, and exiting the Command
Mode.

Note that even though the transmission and reception is the raw data, the message itself is passed
between nodes encapsul ated with needed information such as addressing and error checking bytes.

APl Mode

In APl Mode, the programmer packages the data with needed information, such as destination
address, type of packet, and checksum value. Also, the receiving node accepts the data with
information such as source address, type of packet, signal strength, and checksum vaue. The
advantages are the user can build a packet that includes important data, such as destination address,
and that the receiving node can pull from the packet information such as source address of the data.
While more programming intensive, APl Mode allows the user greater flexibility and increased
reliability in some cases.
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Note that both sides do not need to be in the same mode. Data may be sent in APl Mode and received
in AT Mode or vice-versa. The mode defines the communications link between the PC or controller
and the XBee modem, and not between XBee modules. Data between XBee modules is always sent
using the IEEE 802.15.4 LR-WPAN protocol. Examples using AT and APl Modes will be explored
in later chapters.

XBee Module Styles

The XBee module comes in several versions but all have similar pinouts as shown in Figure 1-5.
Differences between XBee versions include the power output, antenna style, operating frequency and
networking abilities. The XBee is a 20-pin DIP module with pin spacing of 2 mm (0.079 in) as
opposed to typical pin spacing of 2.54 mm (0.1 in). The XBee is available in two major versions and
variants of those versions. This tutorial uses the XBee and XBee-Pro 802.15.4 versions exclusively

through Chapter 7.
XBee.
1 20

1—oVCC ADO0/DIO0S |—20
2—{oDOUT AD1/DIO10|—19
3—oDIN AD2/DI020 |—18
4—oD08 AD3/DI03o |—17
5—]oRESET RTS/AD6/DI0GO |— 16
6 —] oPWMO0/RSSI ASSOC/AD5/DI050 |—15
7—{oPWM1 VREFo |—14
8 —]o(Reserved) ON/SLEEPo |—13
9—] oDTR/SLEEP_RQ/DI8 CTS/DI070 |—12
10— oGND AD4/DI04o |— 11

Figure 1-5: XBee-Pro Module and Pinouts

Don't be alarmed by the number of pins—typically very few pins are used in our examples. Figure
1-6illustrates atypical 3.3 V controller connection to the XBee. Table 1-1 is a brief discussion of the
pins and their functions on the XBee.

Wait! The XBee is a 3.3 V device! Please see Chapter 2 before connecting your XBee moduleto a5V
power source or a5V controller, such as the BASIC Stamp.

%M

—
2 oVCC ADO/DIO0S
o < oDOUT AD1/DIO1o
b= P oDIN AD2/DI020
8 oD08 ___AD3/DIO3o
o ORESET RTS/AD6/DI060
o oPWMO/RSSI  ASSOC/AD5/DI050
= oPWM1 VREFo
o(Reserved) ON/SLEEPo
oDTRI/SLEEP_RQ/DI8 CTS/DI070
oGND AD4/DI04o

.||_‘

<
[])
w

Figure 1-6: Typical Microcontroller Interfacing to the XBee
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Table 1-1: XBee 802.15.4 Pin Assignments

Pin Name Type |Function
1 VCC P 28Vt034V
2 DOUT @) Serial data output from XBee (received data)
3 DIN | Serial data input to XBee (data to transmit)
4 DO8 (0] Digital data output 8
5 RESET I Reset module (low)
6 PWMO/ 0] Pulse Width Modulated output
RSSI (@) Received Signal Strength Indication as PWM signal
7 PWM1 (0] Pulse Width Modulated output
8 (Reserved)
DTR | Data Terminal Ready: handshaking for firmware updates (low)
9 SLEEP_RQ | Sleep Request: A high places XBee in sleep mode when configured
DI8 | Digital Output 8
10 GND G Ground (Vss)
11 AD4 A Analog to Digital Input 4
DIO4 10 Digital Input/Output 4
12 CTS (0] Clear to Send output for controller handshaking (low)
DIO7 10 Digital Input/Output 7
13 ON/SLEEP (@) Digital output, status indication: High = Awake, Low = Sleep
14 VREF A Analog to Digital reference voltage
ASSOC 0] Associated indication when joining a network
15 AD5 A Analog to Digital Input 5
DIO5 10 Digital Input/Output 5
RTS | Ready to Send Handshaking input (Low)
16 AD6 A Analog to Digital Input 6
106 10 Digital Input/Output 6
17-20 AD3-ADO A Analog to Digital Input 3to 0
DIO3-DIO0 10 Digital Input/Output 3 to O

Pin Type: P = Power, G = Ground, | = Input, O = Output, A = Analog Input

A short

discussion of pin groups will provide better understanding of use and features of the module:

DOUT and DIN: These are the pins through which serial datais received by our controller or
PC (DOUT) and sent to the XBee (Din). This data may be either for transmission between
XBee modules or for setting and reading configuration information of the XBee. The default
datarate is 9600 baud (bps) using asynchronous serial communications.

RESET: A momentary low on this pin will reset the XBee to the saved configuration settings.

CTS/RTS/DTR: These are used for handshaking between the XBee and your controller or the
PC. The XBee will not send data out through the DOUT line to your controller unless the RTS
line is held low. This alows the controller to signal to the XBee that it is ready to receive more
data. DTR is typicaly used by the XBee when downloading new firmware, and therefore
firmware updates can only be done usng XBee adapter boards such as the Parallax USB Adapter
Board that implement this connection. When transmitting, the XBee can signd to the controller
through the CTS line that it is ready to send more data. CTS is seldom needed because the XBee
sends data out by radio much more quickly than it accepts data from the controller.

DIO0-DIO7/D08: These are used as standard 3.3 V digital inputs and outputs. The XBee can be
controlled to set the state of the pins. They can also be used in "line passing” o that the state of a
pin on one XBee (high or low) isreflected on the corresponding pin of another XBee.
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ADO to AD6: These are 10-bit Analog to Digital Converter (ADC) inputs to the XBee. While
we cannot directly read these values, some can also be used in "line passing” so that the
amount of voltage on a pin on one XBee is reflected by the amount of voltage (PWM) on the
corresponding pin of another XBee.

RSSI: The XBee can report the strength of the received RF signal as PWM output on this pin.
Thisvalue can also beretrieved using AT commands or as part of a packet in APl Mode.

PWMO/1: These pins can be set for 10-bit pulse width modulated output, which can be used
directly or filtered for analog output. They can also be controlled using “line passing” by the
analog input on another XBee.

ASSOC: When configured, the XBee can be set to join an existing network and assigned
certain parameters. In this tutorial we will manualy configure the XBee in the network
instead of joining networks.

XBee & XBee Pro, 802.15.4 Modules

The 802.15.4 style of XBee (commonly called Series 1) allows point-to-point networking, shown in
Figure 1-7, and point-to-multipoint (one node to all nodes) networking. They use the IEEE 802.15.4
datalink protocol to move data directly between 2 or more devices. All nodes on the network use the

same firmware version though settings on various nodes may vary.

The XBee and XBee-Pro are nearly identical in operation and function with the biggest differences
being size and power. While the pinouts are the same, the casing of the XBee Pro is dlightly longer.
The power ratings and distances, along with other specifications, arelisted in Table 1-2.

®

@/

@ Figure 1-7: Point-to-Point Networking

®

Table 1-2: XBee and XBee-Pro 802.15.4 Specifications

Specification XBee XBee-Pro
Supply Voltage 2.8VDC -3.4VDC 2.8VDC -3.4VDC
RF Power 0dBm, 1 mW 18 dBm, 63 mW
Outdoor Distance (LOS) 300 ft (90 m) 1 mile (1.6 km)
Indoor Distance 100 ft (30 m) 300 ft (90 m)
Current Draw, Receive 45 mA 50 mA
Current Draw, Transmit 50 mA 215 mA
Current Draw, Sleep <10 pA <10 pA
RF Data Throughput 250 kbps 250 kbps
Operating Frequency, Channels 2.4 GHz, 16 Channels 2.4 GHz, 12 Channels
Receiver Sensitivity -92 dBm -100 dBm
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Don't get too excited about the outdoor and indoor distances given in in Table 1-2. RF transmissions
are affected by many factors, including line-of-sight (LOS) issues. We will discuss RF issues shortly.

XBee-Pro 900 and 868

These 900 MHz (U.S.) and 868 MHz (Europe) modems operate at lower frequencies with slower data
throughput (156 kbps) but much longer range (6 miles or 10 km). Please visit www.digi.com for more
information on these modules.

XBee ZB and XBee ZB-Pro Modules

The XBee ZB modules extend the range of the network through routing. They form self-establishing,
self-healing networks for moving data across the network as shown in Figure 1-8. While these
modems use the IEEE-802.15.4 protocol for point-to-point communications, higher protocols are
placed on top of these for network routing. There are two styles of mesh networking protocols
available: ZigBee and DigiMesh. Devices can be programmed with either protocol in either AT or
APl versions. Depending on the function of the device, the correct firmware version must be loaded.

In amesh network, such as ZigBee, devices have one of three different duties:

e Coordinator: Establishes and maintains the network by assigning addresses to joining
(associated) devices and assisting with route building.

¢ Routers: move data between nodes that cannot communicate directly due to distances.

e Endpoints: The node that collects data and controls devices on the network and is typically
connected to our controllers, sensors and other devices for network interfacing.

Figure 1-8: Nodes in a Mesh Network

For more information on XBee ZB modules, see Chapter 8 : XBee ZB Module Quick Start
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RF Transmission Range Considerations

While distance specifications such as 1 mile sound great, there are many factors that can affect the
transmission distance including absorption, reflection and scattering of waves, line-of-sight issues,
antenna style and frequency. The sensitivity of the receiver allows it to receive and use signals as low
at -100dBm, which is 0.1 picowatts of power. The RF signal uses Direct-Sequence Spread Spectrum,
spreading the signal out over the frequency spectrum greatly improving the signal-to-noise ratio
(SNR).

The XBee reports the RSSI level (Receiver Signal Strength Indication) in several ways so that you
may monitor the strength of your signal:

e The PWMO/RSSI output produces a pulse width providing RSSI level indication.
¢ In Command Mode, the unit may polled by using the ATDB command.
e When receiving in APl Mode, abyte in the packet contains the RSSI level.

We will explore monitoring the strength of your signal later in the tutorial.

Absorption and Reflection

Radio frequency waves can be absorbed and reflected causing loss of power through objects and over
a distance. Metal is a great reflector of RF energy, but almost any surface can cause a reflection of
waves causing loss of signal strength and sometimes interference with other waves. Absorption can
be also be a major factor, sometimes causing power loss, and sometimes useful—A microwave oven
heats food by the water absorbing the energy and transferring the RF energy to heat. In fact,
microwave ovens operate around 2.4 GHz, showing how susceptible to absorption RF energy at this
frequency is. Across a distance water molecules in the air will cause absorption of our signal as will
foliage of trees and other plants. While our signal may not be affected by a normal rainfall, heavy
downpours can affect the signal when rain is dense enough. Indoors, walls and other objects will
cause absorption and reflection as well, limiting the transmission distance to penetrating just a
few walls.

Line-of-Sight Issues

Line-of-Sight (LOS) can help increase reliability of the signal. If there are no obstructions such as
trees, buildings, or walls in the way absorbing or reflecting the signal, the power at the receiver will
be greater. This is easy to plan for. A more difficult aspect is reflection and deconstructive
interference from wave reflecting due to nearby objects or the ground. Even with line-of-sight,
reflections from the ground or other surfaces will cause waves to reflect, join with other waves at the
receiver and cause errors in the reception. The XBee's antennas are omni-directional meaning that the
radio frequencies are radiated in all directions. A few go straight to the receiver and others go in
variety of directions. While the XBee-Pro may send a transmission of 60 milliwatts, only avery small
amount of this power is directed at the receiver. Reflections of some of the other waves will
arrive slower and out of phase at the receiver, interfering with the quality of the signal as shown in
Figure 1-9.

For best transmission, the clear area needed between the transmitter and receiver can be pictured as a
football shaped region called the Fresnel Zone as shown in Figure 1-10. The further the separation
distance between the nodes, the wider the radius of this zone needs to be.
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Figure 1-9: Reflected
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— Figure 1-10: Fresnel
Zone between nodes

The radius of this zone can be calculated using the following equations depending on your units of
choice:

r =17.32 Gk r, =72.05 Auies

Ghz Ghz

For a distance of 300 feet or 0.058 miles (300 ft / 5280 ft), the radius of the zone is approximately 5.6
feet for good signal quality. There are higher order zones further out, but clearance in this zone will
typically alow sufficient quality at the receiver.

But RF can be atricky thing. In testing, we have had two units 50 feet apart and 5 feet off the ground
and experienced low signal strength. Moving one node a foot back or forward provided excellent
transmission. At the initial position a reflection from a higher order zone was just right in damaging
the signal at the receiver. A small shift in position cleared up the problem. Of course reflections occur
not only off the ground, but any surface in the area.

Operating Frequency

Aswas shown in Table 1-2, the XBee has multiple frequency channels it can operate on. This allows
multiple networks in the same area to operate on unique frequencies limiting contention of nodes for
the same frequency. It also allows the user to select a frequency that may have less noise on it than
other channels from other sources in the 2.4 GHz spectrum such as WiFi networks, cordless phones
and microwave ovens. Using AT commands, the desired operating channel may be selected.
Chapter 1 will provide examples showing channel selection and monitoring.
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Antenna Style

The XBee comes with a variety of antenna styles providing differing amounts of gain. Two of the
most popular versions are the chip antenna and whip (wire) antenna styles shown in Figure 1-11. The
whip style has about 20% better range than the chip style. Other styles include U.FL and RPSMA
connectors for attaching higher-gain antennas.

Figure 1-11: Whip (left) and
Chip (right) Antennae Modules

Other XBee Features

Besides simply passing data between nodes for microcontrollers, the XBee has other features that can
aid in process monitoring and control. We will explore some of these in the course of the tutorial.

Digital & Analog 1/0O

As discussed in the XBee pinout section, the modules have digital 1/0, analog inputs, and PWM
outputs that may be used in a variety of ways. Later chapters will explore these capabilities in more
depth.
o Direct digital output control: Through AT commands, the I/O may be set to be digital outputs
and controlled as high or low. For example, the command ATDO 4 would set DO to be alow
output (0 V) and ATDO 5 would be a high output (3.3 V).

e Digital and analog input for transmission: The inputs may also be set for digital input or 10-
bit analog-to-digital input. Using sampling, the values of the inputs are sent as data to a
receiving XBee in APl Mode where the digital and ADC data is extracted.

o PWM/anaog output: The 10-bit PWM value of an output may be set and optionally filtered
for analog output of the unit.

e Line Passing: The digital inputs can control digital outputs on another node, and analog
inputs can control PWM outputs on the other node.

Remote Configuration

Using AT commands, the configuration of a remote module may be changed by sending the
command in an APl packet. This could be used to control digital or PWM outputs or change other
parameters of the Remote XBee.
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Base and Remote Nodes

Throughout this tutorial we explore communications between XBees nodes. At times the XBee may be directly
connected to a PC for communications and other times the XBee will connected to microcontroller. We will use
the terms Base node and Remote node to identify the typical function of each.

Base node: The Base node will be the node from which an operator would normally monitor or control the
wireless network. The Base node will be the one commonly connected to a PC for an operator to monitor,
send data and control the system.

Remote node: The Remote node will be the node that is typically at remote location to perform the actual data
collection or control of actuators in a system. In normal applications, this node would not be connected to a
PC, but would send its data to the Base node and receive instructions. In many of our examples we monitor
the Remote node as well as the Base node to observe interactions from both sides.

Summary

The XBee is a feature-rich RF module for use on a wireless sensor network. The IEEE 802.15.4
protocol greatly reduces the work of the programming f ensuring data communications. The XBee has
many other features for use in a WSN beyond its networking ability. Now that you have a better
understanding about the XBee's features and uses, we will look at means of interfacing the RF
modem to your microcontroller and showing examples of use.
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2: Parallax XBee Adapter Boards

The XBee module is a 20-pin DIP package with a 2 mm (0.079 in) pitch between pins. With typical
breadboard and solder board hole spacing of 2.54 mm (0.1 in) the XBee requires an adapter for use
with these boards. The XBeeisa 3.3 V device, asisthe Propeller chip, so interfacing between the two
can be done through direct connections. Interfacing with the BASIC Stamp and other 5V controllers
regquires line conditioning between the controller’s 5 V output and the XBee's 3.3 V input pins.
However, the XBee's 3.3 V output can directly drive a controller’s 5V input logic. Additionaly, a
regulated 3.3 V supply is required to power the XBee. Finaly, to access the XBee from the PC for
communications or configuration a means of serial interfacing to the computer is needed, such as
using USB and a serial interface |C. Parallax has developed a series of interface boards for the XBee
for ease of physical interfacing, signal conditioning, power requirements, and computer connectivity.

BASIC Stamp and other 5 V Controllers

The BASIC Stamp and other 5V controllers need an adapter that:
o Usesthe5V supply available to provide regulated to 3.3 V for the XBee supply power.
e Conditionsthe 5V logic output to 3.3 V for input to the XBee.

The Parallax XBee 5V/3.3V Adapter Board and the XBee SIP Adapter Board provide both these
functions along with pin headers suitable to 2.54 mm (0.1 in) breadboards and solder boards. They
contain a3.3 V voltage regulator and a5V to 3.3V logic buffer.

XBee 5V/3.3V Adapter Board

This section pertains to the XBee 5V/3.3V Adapter Board Rev A. The Rev B board in development will have
/0 buffering and LED configurations similar to the XBee SIP Adapter discussed later in this chapter.
Schematics for these boards are available from their product pages at www.parallax.com.

The XBee 5V/3.3V Adapter board in Figure 2-1 has two 11-pin headers with 2 buffered inputs to the
XBee: DIN (Data into XBee for transmission) and RTS (for flow-control). The XBee's Reset pin is
connected through a diode to allow the controller to bring it low but not high. It also allows direct
connections to all other XBee 1/0 pins. The board has 4 LEDs to indicate Power, Association status,
RSSI (Received Signal Strength Indication) and Sleep status. The board uses a 3.3 V regulator for
power to the XBee from a BASIC Stamp development board’s 5 V Vdd supply. Note that this board
comes unassembl ed; the included male and female headers must be soldered to the board.

XBee 5V/3.3V Adapter
VSS 100

vCcCc —PUE / XBe&\J - 101

DOUT L|- olce ADOIDER0 102

DN gl mmeel] 103
oD08 AD3/DI030 —l_

D08 —+—g «— RTS

I—N- ORESET RTS/AD6/DIOSO
RESET_ OPWMO/RSSI ASSOC/AD5/DI0S0 GRNJ |05

- oPWM1 VREFo

] o(Reserved) ON/SLEEPO |

RSSI oDTR/SLEEP_RQ/DI8 CTS/DI0T0 VREF
PWM - oGND AD4/DI040

— SLP
RSV -
DTR -
VSS — VDD

TErs

— CTS
— 104

Figure 2-1: XBee 5V/3.3V Adapter Board (#32401, unassembled) & I/0O Conditioning
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2. Parallax XBee Adapter Boards

1/0 Connections

Connections to the directly connected 1/O pins should be performed with an understanding of use and signal
conditioning needed. Please see Interfacing 5 V Input to the XBee Module on page 101.

LED Indication

The connected Tx and Rx LEDs do not show RF data transmitted and received, but data transmitted to and
received from the XBee (data in and data out of XBee). In many cases this will be data sent and received via
RF but not always.

Rev A Current Draw Caution!

The FAN2500S33X regulator used on Rev A of this adapter is rated at 100 mA continuous, 300 mA peak
current. VCC may be used as a 3.3 V supply output, but be sure that you budget enough current for your
XBee module as well as any other device you might supply through this regulator. The regular XBee modules
(802.15.4 and ZB) draw less than 55 mA, but XBee Pro modules can draw over 200 mA when in a
continuous-transmit state.

Figure 2-2 shows typical connectionsto the 5V/3.3V adapter for communications, power and optional
LEDs to indicate data transmitted to and received by the BASIC Stamp. The XBee, when configured
properly, can use the RTS input to wait for alow signal from the BASIC Stamp before sending data
to the controller. This allows buffering of received data until the BASIC Stamp isready to receive.

Rx . \Ix
DS dyss 100 |-
220Q vVCC 101}
P15 C J—= DOUT 102 |-
P14 [ DIN 103 |-

- po8 XBee RTS <] P11
—-|RssI  Adapter  yRefF|-
- PwMm SLP |-
— RSV CTS| 45v

— DTR 104 -
I VSS VDD —-I_
Vgs

Figure 2-2: Typical Connections to XBee 5V/3.3V Adapter with Tx/Rx LEDs

The LEDs on the adapter board itself indicate:
o Yellow: ON/Not Sleeping — Thiswill typically be on unless you configure the XBee for one
of the low-power sleep modes (see Chapter 6).
e Blue: Power — Indicates 3.3V power is available.
e Green: Associate — This LED will typically be blinking unless you are using the associate

mode of joining a network (not covered in this tutoria) or by changing the pin configuration.
(see Configuring 1/0—D0 to D8, PO, P1, MO, M1 on page 39).

e Red: RSSI indicator — The XBee PWM output indicates the strength of the received RF
signal. This LED will light for several seconds anytime the XBee receives RF data addressed
toit. A dlight dimming at low power levels may be noticeable.
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XBee SIP Adapter

The XBee SIP Adapter has features similar to the 5V/3.3V Adapter Board, but conditions more 1/0
and provides on-board Tx and Rx LEDs. As shown in Figure 2-3, the adapter has 5 V to 3.3 V
buffering for the following inputs: DIN, RTS, DTR/Sleep_RQ. From the XBee, the following outputs
are also buffered from 3.3 V to 3.3 V for protection but not level change: DOUT, CTS, ASSOC, and
RSSI. Reset has an internal pull-up resistor to keep the input high; the board uses a diode to alow the
controller to bring the input low. A solderable header (not shown in drawing) alows direct
connections to AD/DIOO0 to AD/DIO7 and a connection for 3.3 V. (The XBee SIP Adapter comes

fully assembled as shown.)
XBee.
20

OiI/CC ADO/DIO0o

S | GO AD1/DIOT0
——{cDIN AD2/DI020
oD08 AD3/DI030
ORESET RTS/AD6/DI0Go H——
OPWMO/RSSI ASSOC/ADS/DI0so l
OPWM1 VREFo
o(Reserved) ON/SLEEPo
oDTR/SLEEP_RQ/DI8 CTS/DI0TO]

E [GND_______ AD4DIbio] j Figure 2-3: XBee SIP Adapter
(#32402) & 1/0 Conditioning

:
tW

DOUT- | IRST(

RSSIC]

DIN—/SLP [

GND |ASSoC
[RTS— ICTS[S]

+5V

CAUTION! Connections to the directly-connected I/O pins should be performed with an understanding of use
and signal conditioning needed. Please see Interfacing 5 V Input to the XBee Module on page 101.

Figure 2-4 shows a typical connection the adapter to a BASIC Stamp. RTS is once again used for
flow control of datafrom the XBee to the BASIC Stamp.

[CXCXOXO)

2B Figure 2-4: Typical
Connections to XBee
5V/3.3V SIP Adapter

o mPWR
oo mON_SLEEP ™
o mwASSOC

< P11

vdd P14
P15

.||7

<
»
»
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2. Parallax XBee Adapter Boards

The LEDs on the SIP Adapter indicate:
e PWR: Indicates 3.3V power available

o ON_SLEEP: Indicates sleep status, so will typically be on indicating the unit is awake unless
you configure the XBee for one of the low-power sleep modes.

e ASSOC: This LED will typically be blinking unless using the associate mode of joining a
network (not covered in this tutorial) or by changing the pin configuration, covered later.

o RSSI.(Received Signal Strength Indicator): The XBee PWM output indicates the strength of
the received RF signal. This LED will light for several seconds anytime the XBee receives
RF data addressed to it. A dlight dimming at low power levels may be noticeable.

o RX: Indicates data received by the controller from the XBee (DOUT).
e TX: Indicates data transmitted by the controller to the XBee (DIN).

LED Indication

@ The TX and RX LEDs do not show RF data transmitted and received, but data transmitted to and received
from the XBee (data in and data out of XBee). In many cases this will be data sent and received via RF, but
not always.

Propeller Chip and other 3.3 V Microcontrollers

The Propéller chip and other 3.3 V microcontrollers may use the above two boards as well:

e The Propeller board’s 3.3 V Vdd supply may be supplied to the VCC pin of the XBee
5V/3.3V Adapter board, and connecting VSS.

e The Propeller board’s 5 V supply to the XBee 5V/3.3V Adapter’'s VDD or the 5V input of
the XBee SIP Adapter and connecting VSS.

The XBee USB Adapter Board (next section) may also be used with USB disconnected:
o By supplying 5V to the VDD input and connecting VSS.
—0OR—
e By supplying 3.3V to the VCC pin of the USB Adapter Board and connecting VSS.

Beware of Dueling Power Supplies!

Take care with all boards that two sources of power are not applied at the same time, such as connecting both
5V AND 3.3 V supplies. Damaging current will flow between the two sources.

But since both the Propeller chip and the XBee can operate from 3.3 V, all that may be needed is the
adapter for 20-pin 2 mm headers of the XBee. The XBee Adapter Board provides this solution. In
some mounting situations, no adapter board may be needed.
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XBee Adapter Board

This board simply converts the 2 mm pin spacing to 2.54 mm (0.1 in) for use on breadboards and
solder boards. Figure 2-5 illustrates the connections for this board. Note that this board comes
unassembled; the included male and femal e headers must be soldered to the board.

Note: VDD on this board is NOT used. VDD on this board is only included for pin compatibility with the other
adapter boards. 3.3 V power is connected at VCC.

q XBee Adapter
Ve VSS 1oofa]
vee |[o—o| vee 101 Qtﬂ ADO/DIOO
DOUT [|ot+—o o[>—to|| AD1/DIO1
DN o [ POUT 1021 o 15[l AD2/DI02
Do8|[of—~J°| PIN 103 [o—1o || AD3/DIO3
RESET |[ o1~ | DO8 RTS |o}—to || RTS/AD6/DIOS
PWMO/RSSI [ o To oo ||ASSOC/AD5/DIOS
PWM1 °’¥\o RESET 105191 15| vrer
(Reserved) || o RSSI VREF (o] o || ON/STEEP
DTR/SLEEP_RQ/D18 o-\o| Pwm SLP o] —o||cTs/DIO7
GND g_\\, RSV cTs |of/tol| AD4/DIO4
o | TR 104 | d]
o vss VDD |ofxNC
= A A
Vss
Adapter pins
XBee pins

Figure 2-5: XBee Adapter Board (#32403, un-assembled) and Connections

This board has no LEDs. LEDs for communications indication, RSSI, Association and Sleep modes
may be optionally connected as shown in Figure 2-6 (some chapters use these LEDs for experiments).

3.3V 3.3V 3.3V
Rx Tx
RN
2200 - vss 100 |-
> vVCC 101 |-
PO C1—= DOUT 102 |- 22002
P1 [ DIN 103 |- ASSOC
— D08 XBee RTS |- N
—~ RESET Adapter 105 —
RSSI VREF |- Vss
- Pwm SLP
220 — RSV CTS|
- DTR 104 |- 2202
RSSI¥ Vvss VDD - Rx W ON/SLEEP
N W
Vss Vss Vss

Figure 2-6: Propeller to XBee Adapter with Optional LEDs
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2. Parallax XBee Adapter Boards

Direct PC Interfacing with USB

Just as a microcontroller can communicate serially to the XBee, so can a personal computer. Any
terminal program, such as Parallax Serial Terminal, HyperTermina® or the BASIC Stamp Editor’'s
Debug Terminal can send and receive serial data. However, the free X-CTU software from Digi
International may be used as a seria terminal, for configuration changes, testing RSS! levels, and to
download different firmware to the XBee with the right interface.

XBee USB Adapter

The XBee USB Adapter, shown in Figure 2-7, provides a serial interface using the FTDI USB serial
interface chip (FT232RL) and virtual COM port drivers to emulate a serial COM port. This board
provides the following features:

e Send/receive seria data between the PC and the XBee for communications and configuration.

o Sdf-powered from USB for 5V and 3.3 V.
e Incorporatesthe DTR (Data Terminal Ready) line needed for firmware downloads.

e May be powered from a5 V source via VDD input or 3.3 V to VCC when operating without
USB.

Note that this board comes unassembled; the included femae headers must be soldered to the board
for mounting the XBee, and the optional male headers may be soldered on for use with a breadboard
or through-hole board. Before connecting the board to your computer, download and install the
required USB drivers from www.parallax.com/usbdrivers.

Figure 2-7: XBee USB Adapter Board (#32400, un-assembled)

Beware of Dueling Power Supplies! Take care with all boards that two sources of powers are not applied,
such as connecting both 5V AND 3.3V supplies. Damaging current will flow between the two sources.

3.3 Volt Supply: When connected to USB, the 3.3 V pin may be used to supply power, but current draw
should be limited to 40 mA.

For use with the PC, simply connect the appropriate USB cable between the PC and the board with an
XBee installed. For use with the Propeller, connect per Figure 2-6 as with the XBee Adapter. LEDs
may also be added for transmit and receive between the Propeller and XBee. LEDs on the board
indicate the following:

e Green: ON/Not Sleeping. This will typically be on unless you configure the XBee for one of
the low-power sleep modes (see Chapter 6).

o Yellow: Power. Indicates 3.3 V power isavailable.

Getting Started with XBee Modules - Page 23



2. Parallax XBee Adapter Boards

o Red: Associate. This LED will typically be blinking unless using the associate mode of
joining a network (not covered in this tutorial) or by changing the pin configuration covered
later (see Configuring I/0—DO0 to D8, PO, P1, MO, M1 on page 39).

e Blue: RSSI indicator. The XBee PWM output indicated strength of received RF signal. This
LED will light for several seconds anytime the XBee receives RF data addressed to it. A
dlight dimming at low power levels may be noticeable.

e Red: USB Transmit
e Green: USB Receive

Using a Propeller Chip and Serial_Pass_Through.spin

Chapter 4 introduces programming of serial communications. One example program is
Serial_Pass_Through.spin. This passes serial data between the PC and XBee. A non-USB adapter
board and the Propeller can be used for the PC interface. A function this configuration cannot provide
is updating firmware on the XBee.

Summary

Parallax provides avariety of boards for interfacing the XBee to their 5V and 3.3 VV microcontrollers,
as well a USB interface version for PC communications and configuration of the XBee. In Chapter 3
we will explore basic communications and configuration of the XBee using the PC, the BASIC
Stamp, and the Propeller chip. Table 2-1 isalist of available adapter board options from Parall ax.

Table 2-1: Microcontroller Platforms and Adapter Board Options

Processor Platform

Adapter Board Options

Board Stock Code

PC Interfacing

BASIC Stamp and other | XBee 5V/3.3V Adapter with 5 V supplied to VDD pin. 32401
> V microcontrollers XBee SIP Adapter with 5 V supplied to 5 V/ pin. 32402
XBee Adapter using 3.3 V supplied to VCC pin 32403
XBee 5V/3.3V Adapter with ONE of these options:
= 5V supplied to VDD pin 32401
Propeller chip and other = 3.3V suppliedto VCC pin
3.3 V microcontrollers XBee SIP Adapter with 5V supplied to 5 V pin. 32402
XBee USB Adapter with ONE of these options:
= 5V supplied to VDD pin 32400
= 3.3V supplied to VCC Pin
XBee USB Adapter Board, powered from USB only. 32400

Interfacing via Propeller using Serial_Pass_Through.spin and
any Propeller adapter option per Chapter 4

Any of the above
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3: XBee Testing & Configuration

Communications between the PC and XBee can be an integral part of your system whether for XBee
configuration, monitoring and control of a device, or simply for testing and feedback,. Using Digi’s
X-CTU software and Parallax’s XBee USB Adapter board, interfacing with the XBee is simple for
configuration changes, firmware downloads, testing signal strength, and communications to your
remote devices. In this chapter many configuration settings of the XBee will be explored, but not al.
Please refer to Digi International’ s XBee manual for more information.

We are using XBee 802.15.4 Modules Only! The term “XBee” from this point through Chapter 7 will refer to
any of the 802.15.4 XBee or XBee-Pro, unless otherwise noted.

XBee Testing

In this section we will explore Digi International’s X-CTU software for communications, signa
strength monitoring and configuration of the XBee. The XBee connected to the PC using the XBee
USB adapter (Base node) and a Remote node XBee with power and a loopback will be used. For the
loopback, DOUT is connected to DIN which will cause any received data to be transmitted back the
Base node and PC as shown in Figure 3-1.

XBEE on
USB Adapter

Remote XBEE
Loopback

Figure 3-1: XBee Loopback Testing

Hardware Required

(2 or more) XBee modules

(1) XBee USB Adapter (#32400)

(1 or more) XBee adapter boards appropriate for your controller (BASIC Stamp, Propeller chip, etc.)
(1) 220 Q resistor and (1) LED, optional
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Other USB Options:

e Using Propeler chip for PC Communications. The Propeller may be used for USB
communication to the XBee using Serial_Pass Through.spin in Chapter 4. This alows all
functions except firmware downloads.

e Using the Prop Piug for PC Communications: The Prop Plug (#32201) may aso be used for
USB communications to the XBee by connecting DOUT to Rx, DIN to Tx, and Vssto VSS
with the adapter board powered normally. This alows all functions except firmware
downloads.

Software Required

v Download the X-CTU software for Windows, available from www.digi.com or through
Parallax’s XBee page, www.parallax.com/go/XBee. (After installing, it may ask you if you
wish to download the latest versions. This is very time consuming and may be skipped
initially in most cases.)

v Download the FTDI drivers for Windows, available from www.parallax.com/go/usbdrivers.

FTDI Drivers: It's important to install the FTDI drivers before connecting an XBee USB Adapter Board to your
@ computer. If you have installed the BASIC Stamp Editor or the Propeller Tool software, you probably have the
Windows FTDI drivers installed already.

Hardware Connections
v With an XBee module in place, connect the XBee USB Adapter Board to the PC using an
appropriate USB cable.

v" With an appropriate board with an XBee for your BASIC Stamp or Propeller, connect as
shown in Figure 3-2:

0 Connect VDD or VCC (as appropriate) and VSS per Chapter 2.
0 Useajumper wireto connect DOUT to DIN on your breadboard connection.

o If your adapter board does not have Tx/Rx LEDs, you may optionally connect an
LED from DOUT/DIN in series with a 220 Q resistor to the VCC/3.3 V supply

power.
o If your adapter board does not have RSSI or ASSOC LEDs, these also may be added
per Chapter 2.
XBee
01 200
3.3V ° Appropriate °©
gAda_pter Board o
2200 o g:g ;(EVE; Figure 3-2: XBee Loopback Testing
\\ o
DOUT
DIN

After powering up, both units should have POWER and ON/SLEEP LEDs illuminated, and ASSOC
LEDs blinking.
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Testing Communications
In this section we will test basic communications with the X-CTU software.

v" Ensure the Remote node X Bee with loopback is powered.

v Open the X-CTU software.

v"If your XBee USB Adapter is connected you should have one or more COM ports listed as
shown in Figure 3-3.

Figure 3-3: X-CTU
COM Port Selection

v Select one and click the Test / Query button. The proper selection will show a response
similar to Figure 3-4. The message box shows the type of XBee and the firmware version.
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Figure 3-4: X-CTU
Test/Query
Response

v" Click the Terminal tab on the software. This tab allows you to send and receive data using a
terminal interface. We will also use thisfor XBee configuration changes shortly.

v"Inthe window area, type “Hello World!”

If al went well, you should see two sets of each character—a blue followed by a red as shown in
Figure 3-5. The blue character is what you sent, the red is what was received.

Figure 3-5: X-CTU
Terminal Test

As each character was typed, it was transmitted, looped back, and returned for reception and display.

v" Type a few more characters and monitor the LEDs on your boards. On both boards you
should see the RSSI LED illuminate for several seconds with each character received. If there
are Tx/Rx LEDs, these should light on the Remote board, blinking rapidly as data is sent and
received.

v" Click the Clear Screen button. In the termina window, click the Assemble Packet button.
This opens awindow where you can type text to be sent as a single packet.

v Type“Hello World!” and press the Enter key in the text box. and then click Send Data.

In the terminal window you should see your text twice as shown in Figure 3-6. The entire text is sent
quickly enough to package the data for a single transmission to the Remote XBee and returned via the
loopback.
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Figure 3-6: Assembling and Sending a Text Packet

While it may be interesting at this time to see what would happen if there were two Remote XBee
modules with loopback (Do | get two responses back?), it may not be a good idea just yet. One
Remote XBee transmitting will cause a repeat on the other XBee, and back again; the one
transmission will be repeated over and over between XBee modules essentially causing a broadcast
storm. Because all the XBee modules currently have the same address by default, they will be sending
to each other as well as the Base and repeating what they get. A better time to test this is when we
experiment with addressing.

Received Decimal Points: In some tests you will see decimal points/periods. This is typical; they
corresponds to unprintable character codes such as carriage returns.

Range Testing

v" Close the Send Packet window and click the Range Test tab on the software.
v"Under the vertical RSSI lettering, check the checkbox to monitor signal strength.

v Click Start. The software will repeatedly send packets and display the signal strength and
percentage of correctly returned packets as well as the packet itself as shown in Figure 3-7.
Click Stop once you' ve seen enough.

v Note: Some users report this test does not work if they are using the Propeller Serial-Pass-
Through method of communications for PC to XBee communications.

RSSI is the Received Signa Strength Indicator value. This value will be between -40 dBm (the
highest recorded value) and -100 dBm (the minimum sensitivity of the XBee).
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Packet Errors: In theory you should never see a malformed (bad) packet returned. All data is sent/received
with error checking. If the packet between XBee modules contained errors, there is a high probability the error
was detected and the packet discarded and resent up to 3 times until properly acknowledged. A more likely

source of errors is the serial link between the XBee and the PC (or controllers when used).

Figure 3-7: Range
Testing and RSSI
Monitoring

Thisisagood time to test environmental conditions on your transmission link.

v Test for interference of the signal by placing your hands over the Base XBeg, blocking line-
of-sight with your body, placing a metal box over an XBee, or moving the Remote XBee to a
further location or a different room or floor in the building.

v" Click Stop when done testing.

XBee Configuration

Using X-CTU, the configuration of the XBee may be modified and the firmware upgraded. Through
the software, the XBee configuration may be read, changed and written for updates. The XBee may
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also be configured through any termina interface or from the controller by sending the correct
character sequences.

Using the Modem Configuration Tab

The Modem Configuration tab may be used to read, modify, and write changes the XBe€'s
configuration, and to update the firmware on the module. Notice the drop-down boxes near the top.
They list the type of modem found, the firmware type on the module and the firmware version.

v" With an XBee connected, open X-CTU and select the correct COM port.
v" Click the Modem Configuration tab.

v" Click the Read button. If all goes well, you should see the window populated by the current
settings as shown in Figure 3-8.

v" Click the Restore button. Once complete as indicated in bottom text area, click Read again.
This ensures the XBee has the default configuration in the event it had been modified by you
or someone else.

Figure 3-8: Using
“Modem
Configuration” to
change settings
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Modifying Settings

To modify settings, click the setting, such as (C) CH — Channel as shown in Figure 3-8. The current
setting is C. Note at the bottom of the window a brief description and valid range is provided. The
channel (CH) may have a range of C to 1A on the XBee (non-Pro). On XBee-Pro it is C to 17. All
parameters are in hexadecimal.

v" Click the CH — Channel setting

v" Modify to“D.”

v Write then Read and verify the change (current setting is shown in parentheses before the
command name)

v Restore and Read and verify it isback to C.

Configuration Settings: Changes to configurations are stored in non-volatile memory, meaning that they are
permanent until changed again or restored.

Updating Firmware

Different firmware versions have different features, though most are simply new revisions with some
fixes. In order to use analog/digital features, version 10A1 or higher is needed. To perform remote
configuration features, version 10CD or higher is needed. If you don’'t have these newer versions or if
you want to have the latest, use Download new versions... to check for firware updates online.

Loading updated firmware into the XBee requires more communications than simply Tx and Rx.
DTR and CTS are used as well. While configurations may be read and changed with a simple Tx/Rx
interface, afull interface is needed for firmware changes, such aswith the XBee USB Adapter.

Updating Warning! Updating occasionally does not go well. Multiple retries may be required. A failure to
update properly could cause your XBee to become inoperable. While most updates go smoothly, there always
exists the possibility of a corrupted update.

To change the firmware on your XBee:

v The XBee module must be in an XBee USB Adapter Board connected to your PC with the
USB cable.

In X-CTU, perform a Restore and then Read the XBee.
Select the firmware Version.
Check the Always update firmware checkbox.

Click Write. The new firmware and current settings should be downloaded to the XBee
module.

Uncheck the Always update firmware checkbox.

D NN NN

\
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Using the Terminal Interface (AT Command Mode)

The XBee may also be configured using AT commands via the X-CTU termina interface or any
terminal program. This concept is important; we will duplicate it when configuring the XBee from
our controller. The first step is to place the XBee into a Command Mode. We don’t want this to
happen accidently, so a specific sequenceis required to enter Command Mode:

o A 2to 3 second pause since data was last sent
e A string of “+++" (with no Enter key pressed)
e Another 2-second pause

e The XBee will reply with “OK” when ready. The timeout value on Command Mode is fairly
short, so too long a delay will cause it to exit the mode requiring you to re-enter the mode if
needed.

Let' stest it (example shown in Figure 3-9).

v Go to the Terminal tab.
Type “Héello” to ensure you are communicating with the Remote |oopback XBee.
Wait 3 seconds.
Type “+++" (With no Enter or Carriage Return).
Wait 2 more seconds, and you should see “OK.”
Enter ATCH & Enter.

0 You should see”C” returned—you requested the current value for channel.
Enter ATCH D & Enter.

0 Youshould see“OK.”
Enter ATCN & Enter to exit the Command Mode.
v' Type“Héllo” again.

0 You should NOT see it returned from the Remote XBee. The Base XBee is on
Channel D and the Remote XBeeis on Channel C so they will not communicate.

v Repeat the above changing the Base XBe€'s channdl back to C (ATCH C) and test
communications with the Remote XBee.

v"If you timeout (suddenly your characters are echoed back when trying to enter a command),
use ATCT 500 to increase the timeout value.

v When complete, use ATRE to restore your XBee to default values. Multiple commands may
be entered on asingle line:

ATCH C,CT 500,CN & Enter

D NN N NN

AN

<

Note: Changes made to configuration settings using AT Commands are temporary. The last saved
setting will be used if the XBee is reset or powered down & up. To store your settings permanently, use the AT
Command ATWR before exiting Command Mode. ATRE may be used to restore to default, but be sure to use
ATWR after to save to memory.
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Figure 3-9: Using AT
Command Mode in
X-CTU Terminal

Overview of Common Configuration Settings

Addressing—MY & DL

The address of the XBee defines its place on the network. It can be used to specify data to a particular
node (destination) and the sender’s address (source) in some cases. By default, all XBee's have an
address of O (the MY address) and a destination low address of 0 (DL). In our loopback testing, the
XBee modules used the default configuration and both were sending data from address 0 to address O
being able to communicate with each other. While this works fine for 2-node networks, in larger
networks you may want to send data to a particular node instead of several using the same address. To
do this, node address (MY) and destination Low (DL) address need to be set. A broadcast address
(DL of FFFF) may be used to send data to all nodes on the same network.

With your loopback configuration up and communicating, let’s test some addressing.

v" Using the Terminal tab, type something and ensure it is echoed back to the Base X Bee.

Page 34 - Getting Started with XBee Modules



3. XBee Testing and Configuration

v
v

Notice that on both the Base and Remote XBeg, the RSSI LED lights and the TX/RX LEDs
will blink (if available).

Using the Modem Configuration or terminal AT commands, change DL to a value of 1
(setting the destination of the datato address 1. ATDL 1).

Type astring such as “Hello”. The data should NOT be echoed back.

Observe the LEDs on the Remote XBee and |oopback XBee.

The RSSI and Rx LEDs should not light. Y our data is intended for address 1. Since the Remote XBee
ison address O it will see the data but ignore it. It will NOT pass it through your DOUT pin (lighting
the Rx LED if connected) and returning the data.

v
v
v

Change DL back to 0.
Change MY to 1 to set the address of your unit to address 1.
Send some data.

Y ou should see the RSSI LED and Rx LED as well as the Tx LED light on the Remote XBee. You
should NOT see the RSSI or Rx LED light on the Base XBee. The Remote XBee accepted the data
addressed to 0, and looped it back to send it to its DL address of 0. Since the Base XBee is on address
1, it will not accept the data since the address did not match.

v
v
v

v

Change MY back to 0.
Change DL to FFFF, the broadcast address.

Send some data—it should once again be looped back and displayed. The DL address of
FFFF informs all Remote XBee modules to accept the data regardiess of their address
(broadcast to al).

Return the DL addressto O.

Remote XBee modules may be manually configured for different addresses. If you have multiple
Remote XBee modules, you can set them up for loopback and the addressing scheme shown in Figure

3-10.

v
v
v

On X-CTU, return to the PC Settings tab.

Disconnect the USB cable.

Power-down and remove the Remote XBee from its board and place it in the XBee USB
Adapter.

Reconnect USB.

Read and modify MY and DL addresses as shown in Figure 3-10 using Modem
Configuration to ensure it is not temporary.

Replace it in the Remote adapter with loopback.

Repeat for other Remote X Bee modules.

Using the Base XBee, modify the DL and MY addresses to test communications to one and
to both (broadcast) Remote units. The Base will need aMY of 1 to accept data returned. It
will need a DL of 2 or 3 to get data to the Remotes. Use a DL of FFFF to send and receive
from BOTH Remotes.
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XBEE on

USB Adapter Remote XBEE

Loopback
MY=2
DL=1

Remote XBEE
Loopback
MY=3
DL=1

Figure 3-10: Multi-Node Addressing Test

Try it! Configure the addresses of all units to send data from Base to 1st Remote, from 1st Remote to 2nd
Remote, and from 2nd Remote back to Base.

V Hint: You can modify the RP setting to reduce the amount of time the RSSI light is on to better see each
character being received in the event you don’t have Tx/Rx LEDs connected. Use ATRP 2 for a 200 ms blink
of RSSI light.

v Use Restore to return all XBee modules to default configurations when testing is complete.

Node Identifier—NI

The node identifier allows us to assign a noun name to the XBee node to be seen when a node
discovery is performed: ATNI Node 1

Node Discovery—ND

One other interesting test is the Node Discovery (ND) command. Using AT Command Mode in the
terminal window, enter ATND and wait. Other nodes in your network will be listed showing:

e Their MY address
e Their serial numbers
e Their noun names if set (NI setting).

e The RSSl level (signa strength) of the received information from that node (further on the
RSS! level is discussed).
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Network Separation—ID & CH

In addition to node addresses, sometimes we may want different group of XBee modules in the same
area to be isolated from one another for communications—different networks in the same physical
area. This may be done by using either unique Personal Area Network (PAN) IDs (1D setting), or by
placing them on different channel frequencies (CH).

Using unique PAN IDs, even though two XBee modules may have the same address, only the XBee
with amatching PAN ID will accept and use the data. This allows multiple networks to operate in the
same area where XBee modules may have the same addresses.

v You may test the lack of communication by changing the ID setting of your Base XBee and
test the loopback.

Note that this does not reduce the number of nodes fighting for the use of the frequency medium,
which is called contention. Even though IDs are different, the XBee modules are still on the same
frequency channel (CH) and only one XBee can transmit on that channel at atime if in RF range of
each other.

XBee networks may also be separated by putting different networks on different frequency channels
(CH). This has the benefit of isolating the networks and having them operate on different frequencies,
reducing contention. Beyond separation, there may be “better” frequencies to operate at than others
in an area. With the plethora of devicesin the 2.4 GHz spectrum, some channels in the spectrum may
be noisier than others. Using the Energy Detect command, you may monitor the signal strengths of
the channels using the ATED command.

v" Use the terminal window and enter AT Command Mode.
v Enter ATED to view energy on various channels, from lowest channel (C) to highest (1A, or
17 if using an XBee Pro).

Figure 3-11 shows the results of two tests. The first was with a nearby microwave oven off, the
second with it on. The higher the magnitude it shows, the less noise on that channel. A value such as
4E would convert to a decimal value of 78, so this channel would have a noise level of -78 dBm. We
want as little noise in the background as possible. A higher magnitude means a lower noise level.
Having the microwave on raised the noise on nearly all channels (there is also WiFi in the area on
2.4 GHz which may be affecting channel readings as well).
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Figure 3-11: Energy
Detection Tests

Receiver Signal Strength—DB

The XBee can report the receiver signal strength (RSSI) in a number of ways. One way is to poll the
unit using the ATDB command. The XBee will report RSSI level as a hexadecimal value indicating
the magnitude. This value, converted to decimal and made negative, isthe signal strength from -40 to
-100 dBm. The more negative the signal strength (in dBm), the weaker the signal. Therefore, -50
dBm is better than -60 dBm).

v" Usethe Terminal tab to send datato be echoed back.
v" Enter Command Mode and enter ATDB for RSS! level.

Packetization Timeout—RO

As the XBee accepts seria data, it only waits so long before packetizing and transmitting the data.
The packetization timeout sets how long it will wait before transmitting the incoming serial data. If
this value is too short, it may cause problems in that data we transmit becomes fragmented. In many
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cases the receiving XBee will reconstruct the data and buffer it for our use, but it does lead to more
transmissions than needed. Under certain conditions, such as using APl Mode on the receiving XBee,
this may cause issues.

In a program we may have code that sends some data, does some calculations, and sends more data.
We wanted the data to be sent as one transmission, but while doing a calculation, the first chunk of
data is transmitted. By increasing the value of RO we can help ensure our data stays together and is
sent in one transmission. The value of RO is the number of character times we want the XBee to wait
before sending the collected data. At 9600 bps, each character requires approximately 1 ms (0.1 ms
per bit for 10 bits with the start/stop bits). With a default RO value of 3, the XBee will wait
approximately 3 ms (3 character times) before packetizing and sending data in the buffer. This value
can be increased to FF (255 decimal) for atimeout value of over 255 ms at 9600 baud.

v" Test the loopback by typing “Hello World” quickly. Notice that each character is transmitted
and echoed.

v" Change the value of RO to FF using the Command Mode or Modem Configuration (ATRO
FF).

v Type “Hello World” once again. If you're fairly quick you can type the entire phrase before it
is packetized, transmitted and echoed.

Configuring 1/0—DO0 to D8, PO, P1, MO, M1

The 1/0 on the XBee can be used for a number of uses: digital and analog input (requires API packet
parsing covered later), digital output, and communications handshaking (RTS, CTS, etc).
Additionally, these and other pins can be used for special functions such as association indication,
RSSI indication, Sleep Mode input and PWM output. Additionally, inputs on one XBee can control
outputs on another using line-passing (see Chapter 6).

Due to the number of options available, the Modem Configuration tab is useful for seeing the options
aswell as configuring from there. We'll test afew out. As shown in Figure 3-12, Pin D5 can be used
as the association indicator, ADC or digital input, and digital output low and high. Configuration of
the pin can be done here or in Command Mode.

v For example, if you are tired of your association indicator on the XBee board blinking and
wish to turn it off, set D5to 4 (ATD5 4).

Two 1/O can be used to generate Pulse Width Modulated output (PWM), such as the one driving the
RSSI LED on your board. The function configuration is in the 1/O Line Passing section. To set the
PWM value, use Command Maode. To set the RSS! indicator for a certain output level to control LED
brightness:

v In Command Mode, set PWMO to PWM Output—ATPO 2.

v' Set the PWM 10-bit value, in the range of 0 to 3FF (0 to 1023 decimal): ATMO 5.

v Test other PWM values and observe brightness. Your eye is filtering the LED blinking on
and off quickly for the dimming effect. The output is still digital, but it may be filtered for
anal og voltage output.

Note: The XBee PWM is not the same type of PWM used for servos. This is a PWM-controlled voltage
level as opposed to a PWM signal.
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Figure 3-12: Digital
Input/Output
Configuration

Common Configuration Settings

Table 3-1 on page 40 is a list of common configuration settings used in this tutorial. For a full list,
please see the Command Summary in the XBee Manual. Please see the referenced documentation or
XBee X-CTU software for valid ranges and other information on use.

Summary

The loopback test is an excellent means of testing communications and various configurations. The
XBee has a multitude of configuration settings to deal with addressing, interfacing and input and
output control. Using the X-CTU interface alows range testing with loopback, modem configuration
and a terminal window for communications, testing and configuration. In the next chapter we will
explore code for the controllers in sending and receiving data and configuring the XBee.
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Table 3-1: Common Configuration Settings

Group

Command

Meaning and Use

Channel: Sets the operating frequency channel within the 2.4 GHZ band. This

CH may be modified to find a clearer channel to to separate XBee networks. Default
value is C.
PAN ID: Essentially, the network ID. Different groups of XBee networks can be
ID separated by setting up different PANs (Personal Area Networks). Default value
. is 3332.
Networking &
Securit;? Destination Low Address: The destination address of the XBee for which the
DL transmitted packet is indented. We will use this often to define which node
receives data. A hexadecimal value of FFFF performs a broadcast and sends
data to all nodes on the PAN. The default value is 0.
MY Source Address: Sets the address of the node itself. This will be used often in all
our configurations. The default value is 0.
NI Node ldentifier: Sets a node’s noun name.
Sleep Mode: Allows the sleep mode to be selected for low power consumption
Sleep Mades SM (<10 pA). It is discussed in Chapter 6.
BD Interface Data Rate: Sets baud rate of the serial data between the XBee and the
controller or PC.
Serial API Enable: Switches the XBee from transparent mode (AT) to a framed data
Interfacing AP version where the data must be manually framed with other information, such as
address and checksum. This very powerful mode will be explored in Chapter 6.
RO Packetization Timeout: In building a packet to be transmitted, this sets the length
of time the XBee waits for another character before the packet is sent.
DO-D8 Sets the function of the 1/O pins on the XBee, such as digital output, input, ADC,
RTS, CTS and other.
PO, P1 Configures the function of PWMO and PWM1
/O Settings RP Sets the time length for the RSSI output.
MO, M1 | Sets the PWM value of the PWM outputs
Sample Rate: The XBee can be configured to automatically send data from
IR digital I/O or ADC's. It requires the receiving node to be in APl Mode and the
data parsed for the 1/0 values. See Chapter 6.
DB Received Signal Strength: The XBee can be polled to send back the RSSI level
of the last packet received.
CCA Failures: The protocol performs clear channel assessment (CCA); that is, it
Diagnostics EC listens to the RF levels before it transmits. If it cannot get an opening, the packet
will fail and the CCA counter will be incremented.
ACK Failures: If a packet is transmitted but receives no acknowledgement that
EA data reached the destination, EA is incremented. The XBee performs 2 retries
before failure. Additional retries can be added by using RR setting.
AT Command Timeout: Once in Command Mode, sets the length of the delay
CT .
before the XBee returns to normal operation.
AT Command
Options Guard Time: When switching into AT Command Mode, defines how long the
GT guard times should be (absence of data before the command line) so that
accidental mode change is not performed.
. . WR Write the configuration to non-volatile memory
Configuration
RE Restore to default configuration in volatile memory
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4: Programming for Data and XBee Configurations

Data between systems can take several forms depending on need. It may be raw bytes, which can
represent a variety of information such as characters, input/output bits, or simply a binary value.
While the XBee modules can help ensure the data arrives correctly to the controller, it is up to our
code to ensure it is accepted properly and used in the manner desired. Just because our data makes it
out of the XBee it doesn’t necessarily mean it was accepted properly by the controller.

In some cases a controller may send a value repeatedly, such as a sensor value. It may not be
important that some data is missed by the controller as long as a recent sample is obtained. In other
cases it may be more critical that each transmission is accepted and used by the controller. Sometimes
data can simply be a single byte. Other times it may be a collection of values that needs to be
accepted in the proper order.

This chapter will explore data reception and transmission by the BASIC Stamp and Propeller
microcontrollers and explore some ways of handling different tasks for data reception. It will aso
explore configuring the XBee from the controllers using the AT Command Codes. A Base node will
be used connected to the PC to communicate with a Remote node of an XBee interfaced to a
microcontroller as shown in Figure 4-1. The Remote node' s controller is connected to the PC as well
so it can readily display the values it receives from the XBee, so we can rapidly reprogram the
controller to reconfigure the XBee, and to provide the XBee with data to send to the Base node.

BASIC
Stamp
or
Propeller

Base Remote
XBee XBee

Figure 4-1: Base and Remote XBee General Setup

Base and Remote Nodes Revisited

Throughout this tutorial we explore communications between XBees nodes. At times the XBee may be directly
connected to a PC for communications and other times the XBee will connected to microcontroller. We will use
the terms Base node and Remote node to identify the typical function of each.

Base node: The Base node will be the node from which an operator would normally monitor or control the
wireless network. The Base node will be the one commonly connected to a PC for an operator to monitor,
send data and control the system.

Remote node: The Remote node will be the node that is typically at remote location to perform the actual data
collection or control of actuators in a system. In normal applications, this node would not be connected to a
PC, but would send its data to the Base node and receive instructions. In many of our examples we monitor
the Remote node as well as the Base node to observe interactions from both sides.
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BASIC Stamp

Hardware & Software

For these tests a single Remote node using the BASIC Stamp will be used for communications with a
Base node of an XBee connected to the PC using USB and X-CTU software. Data will be manually
entered to be transmitted to the BASIC Stamp to investigate data reception.

Hardware:

(1) BASIC Stamp microcontroller and development board and cable
(2) XBee modules (Ensure they are restored to default configuration)
(1) XBee SIP Adapter, or XBee 5V/3.3V Adapter Board

(1) XBee USB Adapter Board & cable

(2) 220 Q resistors and (2) LEDs (optional)

v" Connect the BASIC Stamp to an XBee Adapter Board using one of the options shown in
Figure 4-2.. LEDs and resistors are optional but are useful. Note that the DOUT and DIN pins
are not jumpered together.

- Rx Tx
CET N
D dyss 100 |-
8 sl 2200 > vCC 101}
PRALAX g™ P15 CH—* DOUT 102
ik P14 [ DIN 103 |
85883885x= XBee
5000000000 -1 D08 SI5.5Y RTS ——<J P11
© -{ RESET : 105 |-
5 823G -{RsslI Adapter yRef|
0& én:’-‘ém&’ 1 pwM B
Yo = { Rrsv cTsk
noO O o o _ +5V
£ 2302k Bux {bTR 104 -
nee LT VSS VDD
BB A8 BB A8 I
Vgs
P11
P14
[ P15

V-ss

Figure 4-2: XBee SIP (right) or 5V/3.3V (left) Adapter Connection to BASIC Stamp

XBee 5V/3.3V Adapter Rev B: The XBee 5V/3.3V Adapter Board Rev B has onboard Tx and RX LEDs, so
you will not need to add the LED circuits that are shown in the schematic above.

Software:

o BASIC Stamp Editor for Windows (www.parallax.com/basi cstampsoftware)
o Digi’sX-CTU Software (www.parallax.com/go/xbee)
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Simple DEBUG to Remote Terminal

Being able to monitor a Remote unit is very beneficial, especially with robotics applications or for
gathering data from remote sensors. This first code example will display text strings and values that
are sent from the Remote node to the Base node for monitoring.

Rk S b O S S R R R S o S Sk R S R R I kR Sk o O R R o

Si npl e_Debug. bs2

Sends data to Renote terninal for nonitoring

R I O o o I O S O S S O O O
{ $STAMP BS2}

{ $PBASI C 2. 5}

Rk S S S cx)nstants & PIN I:Ecl aratlons kkkkkkkkhkkk
#SELECT $STAWP
#CASE BS2, BS2E, BS2PE

T9600 CON 84
#CASE BS2SX, BS2P
T9600 CON 240
#CASE BS2PX
T9600 CON 396
#ENDSEL ECT
Baud CON T9600
RXx PI N 15 ' XBee DOUT - Not used in this exanple
TX PI'N 14 ' XBee DI N
RTS PI N 11 ' XBee RTS - Not used in this exanple

RS O S O O Val’l abl e I:Ecl al’atl OnS R R R S O O
Count er VAR Byt e

Rk R S S S '\Aaln L(IP Rk R I b S R R Sk kR R o

PAUSE 500 ' 1/2 second pause to stabilize coms
SERQUT Tx, Baud, [CLS,"Program Running...", CR]
PAUSE 2000 ' Pause before counting
FOR Counter = 1 TO 20 ' Count and display renotely
SERQUT Tx, Baud, ["Counter = ", DEC Counter, CR]
PAUSE 100
NEXT

SERQUT Tx, Baud, ["Loop conplete.", CR]
END

Code discussion:
o The #SELECT- #CASE conditional compilation structure is used to ensure a baud rate of 9600
no matter the model of BASIC Stamp you may be using.
e DOUT and RTS are not used in this example but will be used in later examples.

o It sends a message, the value of Counter from 1 to 20, and a fina message “Loop
complete.”.
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selected to the correct COM port. The CLS (clear screen) only shows a dot in X-CTU, but will clear the Debug

@ Terminals: While we use the X-CTU in our example, you may also a BASIC Stamp Editor Debug Terminal
Terminal.

Test the code:
v/ Connect and monitor the Base XBee using X-CTU or other terminal program.

v Download Simple_Debug.bs2 to the BASIC Stamp connected to the Remote X Bee unit.
v Monitor the received datain the Base node’ s terminal window as shown in Figure 4-3.

Figure 4-3: Simple
Debug to Base
Testing
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Accepting and Displaying Single Bytes

In this next code example, we will use the X-CTU terminal to transmit bytes to the BASIC Stamp on
the Remote node to accept, display locally and transmit back to the Base node for display in X-CTU
(echoed).

R S O S S S S S S S S S O S S S

Si npl e_Byt e_Recei ve. bs2

Accepts, displays and echoes back incom ng bytes

EE R R R I R I I S R I R I

{ $STAMP BS2}

{$PBASI C 2. 5}

kkhkkhkhkkkkhkkhkhkhkkkhkkkx (_bnst ants & PI N mcl aratl ons kkkkkkkkhkkkk
#SELECT $STAMP

#CASE BS2, BS2E, BS2PE

T9600 CON 84
#CASE BS2SX, BS2P
T9600 CON 240
#CASE BS2PX
T9600 CON 396
#ENDSELECT
Baud CON T9600
Rx PIN 15 ' XBee DI N
Tx PIN 14 ' XBee DOUT
RTS PIN 11 ' XBee RTS - Not used in this exanple

kkkkkkhkkhkkhkkkkk* Varl abl e mcl arat' ons kkkhkkkhkkhkkkhkhkkhkhkkhkkkhk*k
Dat al n VAR Byt e

kkkkkkhkkhkkhkkkkk* |Vh|n LG:P R I S S O S S S O S S

PAUSE 500 ' 1/ 2 second pause to stabilize comrs
DEBUG "Awaiting Byte Data...", CR
DO
SERI N Rx, Baud, [ Datal n] ' Accept inconing byte
SERQUT Tx, Baud, [Dataln] ' Echo byte back
DEBUG Dat al n ' Display byte as character
LOOP

Code discussion:

v Within the DO- LOOP, SERI N waits until it receives a byte from the XBee, sends it back to the
XBee to be transmitted, and sends the character to the BASIC Stamp Editor's Debug
Terminal.

Test the code:

v Download Simple_Byte Receive.bs2 to the BASIC Stamp.

v From the X-CTU termina window, manually type “Hello World.” Note that it displaysin the
BASIC Stamp Debug Terminal of the Remote node and the X-CTU terminal window of the
Base node correctly.

v Use the Assemble Packet feature of X-CTU to send “Hello BASIC Stamp!” as a single
packet. Note that the first character may be correct, but the remaining datais mostly garbage.
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Figure 4-4: Receiving Byte Test Results

Figure 4-4 is an image of our testing. The first byte was accepted by the BASIC Stamp correctly since
it was sitting idle waiting for it. Once the first byte was accepted, the program continued on. In the
mean time, data continued to be sent from the XBee even though the BASIC Stamp was not accepting
it any longer. When the BASIC Stamp looped back, it caught a byte mid-position and continued
collection from there, getting garbage. When we typed the data directly in to the terminal window, we
were typing too slowly to get the data out in a single transmission and the BASIC Stamp was fast
enough to loopback for our next character.

Accepting and Displaying Decimal Values

When sending and receiving raw bytes, it is generally more difficult to ensure data is being accepted
properly since it could be any byte value, 0 to 255 in binary. Using decimal values can aid in ensuring
data is properly received. When data is sent or received as decimal values, using PBASIC's DEC
modifier, values are sent as characters representing the value. Using bytes, avalue such as 123 is sent
as asingle byte with a value of 123. When 123 is sent and accepted using DEC, the value is an ASCI|
character string as ‘1, ‘2" and ‘3. The BASIC Stamp will ignore or use as the ‘end of string’ any
non-numeric character, limiting potential garbage and helping to ensure received data is good. Next,
Simple_Decimal_Receive.BS2 demonstrates accepting, displaying and transmitting decimal values.

EE R R R O S O S O S O S O S S S S S S R R S S R S S S O

Si npl e_Deci mal _Recei ve. bs2
' Accepts, displays and echoes back inconi ng Deci nal Val ue
R R R R R R E RS EEEEREEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEE SRR
{ $STAMP BS2}
{$PBASI C 2. 5}
khkkhkhkkkkhkhkhkhkkkkkx Const ants & Pl N mcl aratl ons *kkkkkkkkkk
#SELECT $STAWP
#CASE BS2, BS2E, BS2PE

T9600 CON 84
#CASE BS2SX, BS2P
T9600 CON 240
#CASE BS2PX
T9600 CON 396
#ENDSELECT
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Baud CON T9600

Rx PIN 15 ' XBee DOUT

Tx PIN 14 ' XBee DI N

RTS PI N 11 ' XBee RTS - Not used in this exanple

*hkkhkkkhkkhkkkkkx*k Varl abl e mcl aratl OnS EE I R I
Dat al n VAR Wor d

kkkkkkhkkhkkhkkkkk* Nhln Lw:) R I S S S O S S S O S S S

PAUSE 500 ' 1/2 second pause to stabilize coms
DEBUG "Awai ting Decimal Data...",CR
DO
SERI N Rx, Baud, [DEC Datal n] ' Accept inconing Decimal Value
SERQUT Tx, Baud, [DEC Dataln,CR] ' Echo deci mal val ue back
DEBUG DEC Dat al n, CR ' Display val ue
LOOP

For testing, the X-CTU terminal is again used:
v" Download Simple_Decimal_Receive.bs2.

v"In the terminal window of X-CTU for the Base node, type in a series of numbers, each

followed by Enter (Carriage Return), such as 10, 20, 30.

v" Notice that only after Enter (or a non-numeric value) data is processed, displayed and sent
back. The BASIC Stamp collects data until the character is no longer numeric.

v" Click Assemble Packet. Using the Send Packet window, enter a series of numbers to be sent

at once, again each followed by Enter, such as 40, 50, 60, etc.

v" Send the packet and monitor the results. The first value is used and displayed, severa are

skipped, and then another is accepted and used as show in Figure 4-5.

Figure 4-5: Simple Decimal Receive Testing
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The XBee again received your data correctly and sent it to the BASIC Stamp, but after getting the
first value, the BASIC Stamp was not available to capture much of the remaining data. Since the
BASIC Stamp does not buffer incoming serial data, that data is lost. By using flow control, such as
RTS, we can help prevent missed data.

Range & Negative Values?

The BASIC Stamp, using Word-sized variables, can accept values up to 65535 (16-bit values). To use
negative values, use the SDEC modifier instead for a range of -32768 to +32767.

Configuring the XBee for using RTS Flow Control & Timeouts

Using the XBee module's RTS (Ready-to-Send) line and the SERI N command’s /RTS modifier, we
can limit lost data by having the XBee send data only when the BASIC Stamp is ready to receive it.
Additionally, we can use the Timeout feature of SERI N so the BASIC Stamp can process other code
while waiting for datato arrive. To enable RTS on the XBee, AT command codes will be sent by the
BASIC Stamp.

The program Using_RTS _Flow_Control_for_Bytes.bs2 demonstrates using RTS to collect buffered
data from the XBee.

Rk S b O b Sk S R O kR R kI S S

Usi ng_RTS _Fl ow_Control _for_Bytes. bs2

Configures XBee to Use RTS flow control to

prevent m ssed DATA

EE R R I I O S R S O R S O I O

{ $STAMP BS2}

{$PBASI C 2. 5}

kkkkkkkhkkhkhkhkkkhkk%x Const ants & PI N [bcl al’atl ons kkkkkkkkhkkk*k
#SELECT $STAWP

#CASE BS2, BS2E, BS2PE

T9600 CON 84
#CASE BS2SX, BS2P
T9600 CON 240
#CASE BS2PX
T9600 CON 396
#ENDSELECT
Baud CON T9600
Rx PI'N 15
Tx PI'N 14
RTS PI'N 11

ER I I I I I Val’l abl e [bcl aratl OnS EE I I I R I I
Dat al n VAR Wor d

kkkkkkhkhkkhkkkhkk*k XBee CDI"IfI gUI’atI on Rk I S b S Sk S

PAUSE 500

DEBUG " Confi guri ng XBee...",CR

PAUSE 2000 ' Quard Tine

SERQUT Tx, Baud, [ " +++"] ' Command Mbde sequence
PAUSE 2000 ' GQuard Tine

SEROUT Tx, Baud, ["ATD6 1, CN', CR| ' RTS enable (D6 1)
' Exit Command Mode (CN)
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kkkkkkhkkhkkhkkkkk* Nhln Lm:) R I S O S O S S S O S S S

PAUSE 500

DEBUG "Awaiting Multiple Byte Data...",CR

DO
SERI N Rx\ RTS, Baud, 1000, Ti meQut,[Dataln] ' Use Tineout to wait for byte
SERQUT Tx, Baud, [ Datal n] ' Send back to PC
DEBUG Dat al n ' Display data
GOTO Done ' Junp to done
Ti meout : " If no data, display

DEBUG " . "

Done:

LooP

Analyzing the code:

e Inthe XBee Configuration section, the identical action we took using the terminal window is
used to configure the XBee: A short delay, sending +++, seeing "OK", another delay, sending
AT commands and using the CN command to exit Command Mode. The Command Maode
will also terminate automatically after a period of inaction.

e The SERI N instruction uses the \ RTS modifier to signa the XBee when it is available to
accept new data. The 1000 and Ti nmeout label is used to branch if data in not received within
1 second, allowing processing to continue. (See the Timeout units note in the box below.)

e |f datais not received within 1 second, the code at the Ti neout : label will cause a dot to be
displayed in the Debug Termina to indicate that and to show processing by the BASIC
Stamp is being performed.

Syntax Refresher for SEROUT and SERIN

SEROUT Tpin {\Fpin }, Baudmode, { Pace, } { Timeout, Tlabel, } [ OutputData ]

SERIN Rpin {\Fpin }, Baudmode, { Plabel, } { Timeout, Tlabel, } [ InputData ]

@ For full details on these and any other PBASIC commands or keywords, see the BASIC Stamp Editor Help.

Timeout units note: The units in Timeout are 1 ms for the BS2, BS2e, and BS2pe, hence a Timeout
argument of 1000 would be equivalent to 1 second. If you are using a BS2sx, BS2p, or BS2px, the Timeout
units are only 0.4 ms, so the same value of 1000 would be equivalent to 400 ms—something to keep in mind
while you read the code explanations throughout the book.

Testing:

v Download Using_RTS Flow_Control_for_Byte.bs2 to the Remote node.

v Using X-CTU for the Base node, send a string in both the terminal window and using the
Send Packet window.

v Notice, asin Figure 4-6, that when sending data as a packet, only every other byte is accepted
and processed.
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Figure 4-6: Using RTS Flow Control for Bytes Testing

The XBee is buffering data, allowing the BASIC Stamp to accept more without garbage, but every
other byte is missed. The reason for thisis that after collecting one byte, the BASIC Stamp de-asserts
the RTS line to stop the XBee from sending more data, but it is too slow. The next byte has left the
XBee before it gets notification to stop sending data. This happens every cycle causing every other
byte to be missed.

Monitor LEDs

When the code starts and goes through the configuration sequence, watching the Tx & Rx LEDs blink back
and forth is a great indicator that it the XBee is accepting your Command Mode functions.

Using RTS and String Delimiter with Decimal Values

Using DEC for decimal values can help ensure data is received properly. One issue with receiving
multiple valuesis ensuring the order in which they are received, and where to start. For example, let’'s
say we want to send two valuesin pairs, and send several pairs to be accepted and used, such as:

10& 20
10& 30
10 & 50

On reception, the BASIC Stamp gets out of sequence so that the datait receivesis:

20& 10
30& 10

Because it perhaps missed one, the sequence of how it is accepting data does not match the sequence
we intended. Through the use of a start-of-string identifier or delimiter we can help ensure the data is
collected starting at the correct value in the buffer. A unique character, one not used in normal data,
may be used to identify the start of a string. Using DEC values, only 0-9 are valid characters so
anything outside of that range would be unique from our data. As data of characters 0 to 9 flow in, a
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unique character such as ‘I’ is easily denoted. Using RTS Flow_Control_for_Decimals.bs2
demonstrates using RTS and a string start delimiter.

0 R S O S S O

' Using_RTS Fl ow _Control for_Decimals. bs2
Configures XBee to Use RTS flow control to
prevent mssed data using start delimter
v EE R R R I R R I S R I R I
" {$STAWP BS2}
" {$PBASI C 2.5}
v kkhkkhkhkkkkhkkhkhkhkkkhkkkx CDnSt ants & PI N mcl aratl ons kkkkkkkkhkkkk
#SELECT $STAMP
#CASE BS2, BS2E, BS2PE

T9600 CON 84
#CASE BS2SX, BS2P
T9600 CON 240
#CASE BS2PX
T9600 CON 396
#ENDSELECT
Baud CON T9600
Rx Pl N 15
TX Pl N 14
RTS Pl N 11
v kkkhkhkkkkhkkhkhkhkkkk*k Varlable mcl arathﬂS kkkkhkhkkkhkkhkkhkhkhkkkhkkhkhkk*k
Dat al n VAR Byt e
Val 1 VAR Wor d
Val 2 VAR Wor d
v kkkhkhkkkkhkkhkhkhkkkk*k XBee Canlguratlon kkhkkhkhkkkkhkhkhkkhkkhkkhkhkxkkhkkhkkkkk
PAUSE 500
DEBUG " Confi guri ng XBee...",CR
PAUSE 2000 ' Quard Tinme
SERQUT Tx, Baud, [ " +++" ' Command Mbde sequence
PAUSE 2000 ' Quard Tinme
SERQUT Tx, Baud, ["ATD6 1, CN', CR] ' RTS enable (D6 1)

' Exit Command Mode (CN)

0 kkkkkkhkkhkkhkkkkk* |Vh|n LG:P R I S S S O S S S O S S S

DEBUG "Awaiting Delimter and Multiple Decinmal Data...",CR
DO
SERI N Rx\ RTS, Baud, 500, Ti neCut,[Dataln] ' Briefly wait for delimter
|F Dataln = "!" THEN " If delinmter, get data
SERI N Rx\ RTS, Baud, 3000, Ti meout, [ DEC Val 1] ' Accept first val ue
SERI N Rx\ RTS, Baud, 3000, Ti meout, [ DEC Val 2] ' Accept next val ue
' Display remptely and | ocally
SERQUT Tx, Baud, [CR,"Values =", DEC Vall," ", DEC Val 2, CR]
DEBUG CR, "Values = ", DEC Val1," ", DEC Val 2,CR
ENDI F
GOTO Done ' Junmp to Done
Ti meout : " If no data, display dots
DEBUG "."
Done:
LOOP
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Analyzing the code:

e Again, RTSflow isconfigured for the XBee using AT commands.

e A SERI N with a 500 ms timeout starts the loop. If no data is received within this time, the
timeout dot is shown.

o Next, the code checks to see if the character was the exclamation point " and if not, the code
isdone.

o Ifitwasa“!’ then two decimal values are collected, again using timeouts to ensure the code
does not lock up while waiting.

e Thedatavauesare displayed locally and remotely.
Testing the code:

v Download Using_RTS Flow_Control_for_Decimals.bs2 to the Remote node.

v' Enter severa values, the ‘I’ with an Enter at the Base node’s terminal window, then several
more values. After entering *!” the next two values should be accepted and displayed.

v" Use the Send Packet window to make a series of numbers and !’ s to be sent, and test. Notice
in Figure 4-7 each set of data following the delimiter was correctly processed.

Figure 4-7: Using RTS for Decimal Values Testing
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The decimal values were adequately buffered so that no data was lost. What about those missed bytes
when RTS de-asserts? Our Enter or carriage return was at the end of each string of characters so that
the lost bytes corresponded to those Enter/carriage return characters.

Reading Data from the XBee - Displaying RSSI Level

The BASIC Stamp can read settings and values from the XBee as well as configuring it. Just as we
had done through the X-CTU terminal window in Chapter 3, values can be requested, though it can
cause a few issues. Going into Command Mode and performing various AT commands, an “OK”
along with data was returned. This “OK” can sometimes cause problems since it will also be sent to
the BASIC Stamp. Another problem is to ensure the buffer is empty of other data, especially when
using RTS, so that when the value is returned, it is accepted correctly. Finally, when going into AT
Command Mode the guard times make this a slow process. By lowering the guard times we can
greatly speed up the process of entering Command Mode.

Getting_dB_Level.bs2 is optimized to accept values, to request the RSSI dBm level, and display data.

Rk S Sk O S S R R R S S S R R S R R I S Ik kR Sk Rk O o

Getting _dB Level . bs2

Receive multiple decimal data and report dBm | evel

R I O o o O O S O S S O I O

{ $STAVP BS2}

{ $PBASI C 2. 5}

EE R O O O cx)nst ants & Pl N I:Ecl al’atl ons IR R I S
#SELECT $STAWP

#CASE BS2, BS2E, BS2PE

T9600 CON 84
#CASE BS2SX, BS2P
T9600 CON 240
#CASE BS2PX
T9600 CON 396
#ENDSELECT
Baud CON T9600
Rx PI'N 15
TX PI'N 14
RTS PI'N 11

R S S S S Varl abl e I:Ecl aratl ons Rk S b R R ko

Dat al n VAR Byt e
Val 1 VAR Wor d
Val 2 VAR Word
R S O S O O XBee Cbnflguratlon R I O O O o
PAUSE 500
DEBUG " Confi guri ng XBee...",CR
PAUSE 2000 ' Guard Tine
SERQUT Tx, Baud, [ " +++"] ' Command Mbde sequence
PAUSE 2000 ' Guard Tine

SEROQUT Tx, Baud, ["ATD6 1, GT3,CN',CR] ' RTS enable (D6 1)
' Very low Guard Tinme (GI 3)
Exi t Conmand Mbde (CN)
RS O S O O Nhl n L(IP R R I S S S O R O O
PAUSE 500
DEBUG "Awaiting Delimter and Multiple Decimal Data...",CR
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DO
SERI N Rx\ RTS, Baud, 5, Ti meout , [ Dat al n] " Briefly wait for delimter
|F Dataln = "!" THEN " If delimter, get data
SERI N Rx\ RTS, Baud, 3000, Ti meout, [ DEC Val 1] ' Accept first val ue
SERI N Rx\ RTS, Baud, 3000, Ti meout, [ DEC Val 2] ' Accept next val ue
Di splay renotely and | ocal ly
SERQUT Tx, Baud, [CR, "Values =", DEC Vall," ", DEC Val 2, CR]
DEBUG CR, "Values = ", DEC Val1l," ", DEC Val 2,CR
GOSUB Get _dBm " Retrieve RSSI |evel
ENDI F
GOTO Done ' Junp to done
Ti meout :
DEBUG "." " If no data, display dots
Done:
LOOP

kkkkkkhkkhkkhkkkkk* SUbrOUtI nes kkkhkkkhkkhkhkkhkhkhkkhkkhkhkkhkkhkrhkkhkkkhkk*

Get _dBm
GOSUB Enpty_Buf f er ' Ensure no data left in XBee
PAUSE 5 ' Short guard tine
SERQUT Tx, Baud, [ " +++"] ' Command Mode
PAUSE 5 ' Short guard tine
SERQUT Tx, Baud, [ " ATDB, CN', CR] ' Request dBm Level (ATDB)& Exit

Accept returning HEX data with tineout

SERI N Rx\ RTS, Baud, 50, Ti neCut _dB, [ HEX Dat al n]

SERQUT Tx, Baud, [CR, "RSSI = -",DEC Dataln,CR] ' Display renmptely
DEBUG "RSSI = -", DEC Dat al n, CR ' Display locally
Ti meCut _dB:

RETURN

Enmpty_Buffer: ' Loop until no nore data
SERI N Rx\ RTS, Baud, 5, Enmpty, [Dataln] ' Accept, when no data exit
GOTO Enpty_Buf fer ' Keep accepting until enpty
Enpt y:

RETURN

Code analysis:

In the XBee Configuration, GT 3 (ATGT 3) is used to lower the guard time down to 3 ms
(which we will refer to as “Fast Command Mode™).

After accepting data, the Get_dBm subroutine is executed, which branches to
Enpt y_Buf f er to loop accepting data until the buffer is empty.

Get _dBmthen sendsthe “ +++” command sequence with very short delays.

ATDB is sent to request the RSSI level, which the XBee returns and is accepted using SERI N
as a hexadecimal value. It isthen displayed locally and remotely.

Note that any buffered data will be lost.

The use of the string delimiter “!” will act also to filter out any unwanted data from being
processed as well.
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Testing:

v
v

Download Getting_dB_L evel.bs2 to the Remote node.

For the Base node, enter several values, “!” with Enter, then severa more values. After
entering “!” the next two values should be accepted and displayed along with the RSSI value
as shown in Figure 4-8.

Use the X-CTU Send Packet window to make a series of numbers and !’ s to be sent and test.
Notice that dataislost in thisinstance.

Figure 4-8: Getting dB Level Test

General BASIC Stamp Notes of Interest

The X-CTU terminal window is useful for sending data both as individual characters and as
an assembled packet, but the BASIC Stamp Editor may also be used to interface to the XBee
via USB. Simply open a new Debug Terminal and select the correct COM port, though it
only supportsindividual character entry and not the ability to assemble a packet of data.

Most any BASIC Stamp program that uses the Debug Terminal for display or interaction may
be modified to use a remote Debug Terminal across the XBee transparent link. Replace any
DEBUG s with SEROUT structures and DEBUG N' s with SERI N structures.

Receiving serial data can be tricky and may require unique "tweaks’ to get the data received
properly. An option may be to low down the data by using a slower data rate from the XBee.
For example, using ATBD 0 will set the baud rate to 1200 allowing the BASIC Stamp more
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time to process incoming data. The best meansisto use X-CTU to manually change the baud
rate of the XBee and modify your code accordingly. If done solely in code you will need to
start at 9600, change the XBee configuration to the new baud rate, then use the slower baud
rate from then on.

¢ While configuring the XBee in code is nice, it can lead to issues. Let’'s say you add code to
change the baud rate and it begins to communicate at 1200 after configuration code. When
you download new code, the XBee will still be at 1200 baud and your configuration
information at 9600 will not be understood; this is especially an issue if you changed the
configuration! Either manually cycling power on the board to reset or using the XBee Reset
line (brought LOW to reset before configuring) to return to default configurations may be
needed. While the BASIC Stamp resets with a code download, the X Bee does not!

e The SERI N instruction has a WAI T formatter to idle until a character is received and allows
multiple values to be accepted, such as:

SERIN RX\ RTS, BAUD [WAIT ("!"), DEC Val1, DEC val2].

We found that complex structure was worse at collecting data correctly than our 3-line
method, possibly due to using RTS. Also, timeouts cannot be used with the WAI T modified.
The SERI N instruction has many options. Please see the BASIC Stamp Help files for more
information on SERI N.

Propeller Chip

The Propeller chip is an excellent microcontroller for handling communications. Between the
Propeller’s speed, multi-core processing, and available objects, seria data communications is nearly
effortless.

Hardware & Software

For these tests a single Propeller chip and XBee (the Remote node) will be used for communications
with an XBee connected to the PC using USB and X-CTU software as the Base node as shown in
Figure 4-1. Datawill be manually entered using aterminal program connected for the Base node to be
transmitted to the Remote node’ s controller and displayed to investigate data reception.

Hardware:

(1) Propeller PBX32A and development board, using a5 MHz external crystal oscillator
(2) XBee modules (Ensure they are restored to default configuration)

(1) XBee Adapter Board

(1) XBee USB Adapter Board & Cable

(5) 220 Q resistors and (5) LEDs (optional)

Alternative to XBee USB Adapter Board: A Propeller & XBee using Serial_Pass_Through.spin discussed in
@ this section or the Prop Plug as discussed in Chapter 2 may be used for X-CTU communications and
configuration. These configurations cannot be used for firmware updates to the XBee.

Getting Started with XBee Modules - Page 57



4: Programming for Data and XBee Configurations

v" Connect the Propeller to an XBee Adapter Board as shown in Figure 4-9. LEDs and resistors
are optional but are useful.

N
Ves

3.3V 3.3V 3.3V
Rx Tx
N
220 0 —vss 100 |-
vVCC 101}
PO CJ— DOUT 102 |- 220
P1 [ DIN 103 - ASSOC
— D08 XBee RTS - \:‘
-1 RESET Adapter 105 —
RSSI VREF |- Vss
- PWM SLP
2200 — RSV CTS|
-4 DTR 104 |- 220Q
RSSI Vss VDD~ Rx W ON/SLEEP
v
Vss

Vss
Figure 4-9: Propeller to XBee Adapter Board Interface with Optional LEDs

Software

e Propeller Tool Software, available from the Downloads link at www.parallax.com/propeller.
o Digi's X-CTU software, available from the X-CTU link at www.parallax.com/go/xbee.

Receiving Byte Values & Chat

The ability to use multiple cogs in multitasking allows the Propeller to accept and process data in one
cog while performing operations in another cog. In this example, the Propeller is being used for passing
serial data between the PC and XBee. Data from the XBee is accepted and passed to the PC in one cog,
and accepted from the PC and passed to the XBee in another cog asillustrated in Figure 4-10.

Propeller running
Serial_Pass_Through.spin

Cog
running
PC "\ Start

Running method
X-CTU <

D

Base
XBee

Cog
running |\,
XB_to PC |~
method

DI

€

Figure 4-10: Cogs Passing Serial Data
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{{
sk o o ok ok ok ok o ok sk ok ok ok ok sk ok ok ok ok sk ok ok ok o ok ok ok ok o K sk ok ok o K ok ok
* Serial Pass_Through *
sk o ok ok ok ok ok o ok sk ok ok o ok sk ok ok ok ok sk ok ok ok ok ok ok ok ok ok sk ok ok o Kk ok
* See end of file for terms of use. *
s sk ok o ok ok sk ok ok o ok sk ok ok o ok ok sk ok ok ok ok sk ok ok ok ok sk ok ok o ok sk ok ok o ok ok ok
Provides serial pass through for XBee (or other devices)
from the PC to the device via the Propeller. Baud rate
may differ between units though FullDuplexSerial can
buffer only 16 bytes.
3
CON
_clkmode = xtall + plll6x
_xinfreq = 5_000_000
" Set pins and Baud rate for XBee comms
XB_Rx =0 ' XBee DOUT
XB_Tx =1 " XBee DIN
XB_Baud = 9600
" Set pins and baud rate for PC comms
PC_Rx = 31
PC_Tx = 30
PC_Baud = 9600
Var
long stack[50] " stack space for second cog
0BJ
PC : "FullDuplexSerial”
XB : "FullDuplexSerial”
Pub Start
PC.start (PC_Rx, PC_Tx, @, PC_Baud) ' Initialize comms for PC
XB.start (XB_Rx, XB_Tx, @, XB_Baud) ' Initialize comms for XBee
cognew(XB_to_PC,@stack) " Start cog for XBee—-> PC comms
PC.rxFlush " Empty buffer for data from PC
repeat
XB. tx (PC.rx) " Accept data from PC and send to XBee
Pub XB_to_PC
XB.rxFlush " Empty buffer for data from XB
repeat
PC. tx (XB.rx) " Accept data from XBee and send to PC

Analyzing the code:

e As mentioned, two cogs are used with one running the Start method, and one running the
XB_to_PC method.

o The FullDuplexSerial.spin object is used for serial communications. This object buffers 16
bytes allowing it to receive data before being passed to the code when requested with the rx
method. Using this method, execution will wait until a byte is available and returned before
continuing.

e InStart, abyte from the PC is requested and passed to the XBee using XB. tx (PC.rx). Thisis
equivalent to accepting a byte to avariable, then sending the byte:

Dataln := PC.Rx
XB.Tx (Dataln)
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The benefit in not storing it before transmission is the lower processing time needed, which
increases the execution speed.

¢ Inthe XB_to_PC method, data is accepted from the XBee and passed to the PC, alowing data
to flow in both directions at the same time using two cogs—full duplex communications.

Testing:
v" You may use:

0 One XBee on a USB Adapter and one connected to the Propeller running
Serial_Pass_Through.spin.
—OR—
0 2 Propellers connected to XBee modules running Serial_Pass_Through.spin.
v Download the code to controller(s).

v Open two instances of X-CTU; one using the COM port of the Base node, and one connected
to the Remote node (separate PC’'s may be used).

v Typein each window to send data to the other.
v" Test using the Send Packet window as well, as shown in Figure 4-11.

Figure 4-11: Serial Pass Through Chatting

v Using a Propeller-connected XBee, open the Modem Configuration tab and verify that you
can load and save configuration settings viathe Propeller.

COM Port Use: Only one device can use the Com Port at any time. When programming the Propeller, the
X-CTU software must be disconnected by using Close Com Port. The Parallax Serial Terminal (PST) program

@ may also be used.

Propeller Resets: When using the terminal window to interface to the Propeller, it is recommended that you
use F11 to download instead of F10. This will ensure your code is in memory if the Propeller cycles on
terminal window connections.

Note that the serial speed of the XBee and PC do not need to be the same. Different speeds may be
used between each side of the Propeller. Communications with the XBee can be handled by the code
up to its maximum speed.
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Of coursg, in this example we are simply passing bytes, though code may be written to use the byte
values, or as datafor processing based on its value:

Dataln := XB.rx
If Dataln == "p"
" Code to be processed

Debugging Back to Base Unit

Using the XBee is a great way to simply monitor your Remote node for robotics or sensor data. In
this example we will use the str and dec methods of the FullDuplexSeria object in
Simple_Debug.spin to send information back to the Base node for monitoring.

{{

sk s sk sk o sk sk o ok sk o ok sk ok ok sk o ok sk o ok sk sk o ok sk o K ok o ok sk o ok sk o ok ok
* Simple Debug *
s s sk sk sk ok ok sk ok ok sk ok ok sk ok o sk ok ok sk ok ok sk sk ok sk sk o ok sk ok ok sk ok ok

* See end of file for terms of use. *
sk sk ok o ok ok ok ok o o ok ok ok ok o K ok sk ok o ok ok sk ok o o ok sk ok ok o K ok ok ok o K ok ok

Demonstrates debugging to Remote terminal

1)

CON
_clkmode
_xinfreq

xtall + plllbx
5 000_000

" Set pins and Baud rate for XBee comms
XB_Rx 0 " XBee DOUT
XB_Tx 1 " XBee DIN

XB_Baud 9600
CR 13 " Carriage Return value

Var

word stack[50]

0BJ
XB : "FullDuplexSerial”

Pub Start | Counter
XB.start (XB_Rx, XB Tx, @, XB_Baud) ' Initialize comms for XBee

Delay (1000) " one second delay
repeat Counter from 1 to 20 " count up to 20
" Send to Base
XB.str (string ("'Count is:")) " send string
XB. dec (Counter) " send decimal value
XB. Tx (CR) " send Carriage Return
Delay (250) " Short delay
Pub Delay (ms) " Delay in milliseconds

waitent (clkfreq / 1000 * ms + cnt)

Analyzing the code:

o The FullDuplexSerial object is once again used to interface to the XBee, but in this case the
local interfacing to the PC is not performed.

e The value of Counter isincremented from 1 to 20, a string is sent to the Base using XB. str
method, and the Counter valueis sent using XB. dec method.

e Thelineisterminated by sending the byte value of 13 for a carriage return (CR).
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Testing:
v" Connect the Base node to the PC using the XBee USB Adapter board (or a Propeller with
Serial_Pass Through.spin) and the X-CTU termina window.
v" Set up the Remote node with a Propeller running Simple_Debug.spin.
v Download and run the program on the Remote node and monitor the Base node's terminal
window as shown in Figure 4-12.

Figure 4-12: Simple
Debug Monitoring

Receiving Simple Decimal Values

In this section we will look at code to accept and return decima values using the object
Simple Decimal_Receieve.spin. This code requires XBee Object.spin by Martin Hebel which is
available from the Propeller Object Exchange (http://obex.parallax.com) or in the distributed files for
this tutorial. XBee_Object.spin uses FullDuplexSerial.spin, but greatly extends it with functions,
many specific to XBee interfacing.
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®

XBee_Object & FullDuplexSerial: The XBee Object.spin uses FullDuplexSerial.spin for communications. The
XBee Object duplicates all the methods of FullDuplexSerial, but adds specialized methods for communications
with the XBee transceiver for configuration changes and data reception, The XBee Object will be used for the
XBee throughout the remainder of this tutorial.

{{
ok Kok o Kok ok Kok ok K ok ok Kok Kok o Kok K ok o Kok ok K ok ok K ok ok K K
* Simple Decimal Receive *
ok ok o ok o Kok ok ok ok ok ok sk ok Kk ok o K ok Kok o Kok o Kok ok K ok ok ok
* See end of file for terms of use. *
3k 3 >k 3k 3k 3k >k 3k 3k 5k %k 3k 3k %k %k >k 5k %k >k 3k 5k %k >k >k 5k %k %k 3k 5% %k %k 3%k % %k %k >k %k k %k
Demonstrates receiving and echoing decimal value
}}
CON
_clkmode = xtall + plllbx
_xinfreq = 5_000_000
" Set pins and Baud rate for XBee comms
XB_Rx =0 " XBee DOUT
XB_Tx =1 " XBee DIN
XB_Baud = 9600
0BJ
XB "XBee Object”

Pub Start | Value
XB.start (XB_Rx, XB Tx, @, XB_Baud) ' Initialize comms for XBee

XB.Delay (1000) " One second delay

XB.str (string ("Awaiting Data...’’)) ' Notify Base

XB.CR

Repeat
Value := XB.RxDec " Wait for and accept decimal value
XB.Dec (Value) " Send value back to Base
XB.CR ' Send carriage return

Analyzing the Code:

In this example, only one terminal window is needed—the Base node using an XBee USB
Adapter or Propeller running Serial_Pass Through.spin for PC communications.

XBee_Object.spin is used for XBee communications and interfacing, providing additional
functionality over FullDuplexSerial.spin.

In the Start method, the Remote node informs the Base node's user it is awaiting data and
waits for a decimal value to arrive using the XB.RxDec method. The decimal value needsto be
terminated with a carriage return (enter key) or by a commato separate values.

Once a decima vaue is received and stored in Value, it is sent back to the Base node as a
decimal value with XB.Dec (Value) along with a carriage return.

Note that XBee Object.spin has methods for both .Delay and .CR to minimize coding for
normal needs.

Testing:

v

Set up the Base node of an XBee connected to the PC using the XBee USB adapter (or
Propeller with Serial_Pass_Through.spin) and X-CTU terminal Window.
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v" Set up the Remote node with a Propeller running Simple_Decimal_Receive.spin.
v Test sending decimal value in the X-CTU terminal window of the Base node by entering
values and using the Enter key.

v" Use the Send Packet window using carriage returns between values as shown in Figure 4-13.
Note that no datais lost, due to the speed of the Propeller and the buffering of the drivers.

Figure 4-13: Receiving Simple Decimal Values

Receiving Multiple Decimal Values with Delimiter

In many instances you may need to send multiple values to the Propeller for various operations, such
as setting the speed of both motors on a robot. While the Propeller is great at buffering and receiving
the data, it may require some extra code to ensure the data is sent in the correct sequence, just as with
the BASIC Stamp.
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If we send 2 values for vall and val2, such as;

10& 20
10& 30
10& 50

...on reception, the Propeller gets out of sequence so that the datait receivesis:

20& 10
30& 10

Because it perhaps missed one, the sequence of how it is accepting data does not match the sequence
we intended. Through the use of a start-of-string identifier or delimiter we can help ensure the data is
collected starting at the correct value in the buffer. The same could be done for bytes but it can cause
issues since a byte value can be ANY value typically, 0 to 255. A unique value may not be able to be
identified for our communications. Using DEC values, only 0-9 are valid characters so anything
outside of that range would be unique from our data. The program Multiple_Decimal_Receive.spin
illustrates this as well as some other features.

{{

3k 3k >k 3k 3k 3k >k 3k 3k 5k >k 3k 3k %k %k 3k 5k %k >k 3k 3k 5%k >k >k 5k %k %k 3k 5% %k %k 3 %k %k %k >k k% k %k
* Mulitple Decimal_ Receive *
sk ok ok ok sk ok ok ok sk ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok

* See end of file for terms of use. *
sk sk sk sk sk sk sk sk sk ok sk o o o o ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk o o o o o

Demonstrates receiving multiple decimal
value with start delimiter

1}

CON
_clkmode

_xinfreq

xtall + plllbx
5 000 _000

" Set pins and Baud rate for XBee comms
XB_Rx 0 " XBee DOUT

XB_Tx 1 " XBee DIN

XB_Baud 9600

Carriage return value

CR = 13

0BJ
XB : "XBee Object”

Pub Start | Dataln, Vall,Val2
XB.start(XB_Rx, XB Tx, @, XB_Baud) ' Initialize comms for XBee

XB.Delay (1000) " One second delay
XB.str (string ("Awaiting Data...’’)) ' Notify Base
XB.CR
Repeat
Dataln := XB.RxTime (100) " Wait for byte with timeout
If Dataln == ""!" " Check if delimiter
Vall := XB.RxDecTime (3000) " Wait for 1st decimal value with timeout
Val2 := XB.RxDecTime (3000) " Wait for next decimal value with timeout
If Val2 <> -1 " If value not received value is -1
XB.CR
XB.Str (string (CR, 'Value 1 = ")) ' Display remotely with string
XB.Dec (Vall) " Decimal value
XB.Str (string (CR, 'Value 2 = ")) ' Display remotely
XB.Dec (Val?2) " Decimal value
XB.CR
Else
XB.Tx (".") " Send dot to show actively waiting
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Value Delimiter: The XBee_Object can use carriage returns or commas as delimiters between values, so
data may be sent as 30,40 instead of using the Enter key between each.

Analyzing the code:

XBee_Object.spin is used for communications and interfacing.

In this example, DataIn := XB.RxTime (100) reads a byte from the buffer, but only waits
100 ms for data arrive before continuing processing—a receive with timeout. If no data is
received, the value in DataIn will be-1.

Upon reception or timeout, the value of DataIn is checked to see if it is “!” (the string
delimiter). If it is, two decimal values, with 3 second timeouts each, are accepted into Vall
and Val2.

Identifying strings and decimal values are sent back to the Base unit for display.

Upon timeout with avalue of -1, adot is sent to the Remote terminal to indicate processing is
continuing.

Figure 4-14: Multiple Decimal Receive Testing
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Testing:
v Set up the Base node XBee connected to the PC via the XBee USB Adapter board (or
Propeller with Serial_Pass_Through.spin) and X-CTU terminal window.

v" Set up the Remote node with the Propeller running Multiple Decimal_Receive.spin.

v Test by sending decimal values in the terminal window by entering some values, using “!”
and then entering a few more values—DO NOT press Enter after “!”. Test using commas as
well.

v Use the Send Packet window to build a packet of values and using the “!” delimiter. Again,
test the use of carriage returns and commas between values as shown in Figure 4-14.

Notice that there was some lost data—the 1300, 400 was not displayed. The buffer of the object may
have been exceeded while processing. When dealing with serial communications, testing and work-
arounds are aways needed, but we have a high probability of getting simple packets through
successfully at normal update speeds.

Setting and Reading XBee Configurations

Just as we can configure the X Bee through the serial terminal, the Propeller can send and receive data
for configuration changes and reading values in the same fashion. Config_Getting_dB_Level.spin
demonstrates a simple configuration of the XBee, requesting and accepting dB level for RSSI. Since
we don’t need to set RTS with the Propeller and we are not ready for address changes yet, we will use
a configuration command to turn off the association indicator on the XBee to illustrate sending AT
commands.

{{

3ok ok ok o Kok ok K ok ok K ok ok K ok ok ok ok K ok K ok o K ok ok K ok ok K ok ok K ok
* Config_Getting_dB_Level *
3k 3 >k 3k 3k 3k >k 3k 3k 5k >k 3k 3k %k %k 3k 5k %k >k 3k 5k %k >k >k 3k %k >k 3k 5% %k %k 3k % %k %k >k k% k %k
* See end of file for terms of use. *
sk o o ok ok ok ok o ok sk ok ok ok ok sk ok ok ok ok sk ok ok ok o ok ok ok ok o K sk ok ok o K ok ok
Demonstrates receiving multiple decimal
value with start delimiter

}}

CON
_clkmode
_xinfreq

xtall + plll6x
5 000_000

" Set pins and Baud rate for XBee comms
XB_Rx 0 " XBee DOUT

XB_Tx 1 " XBee DIN

XB_Baud 9600

' Carriage return value
CR = 13

0BJ
XB : "XBee Object”

Pub Start | Dataln, Vall,Val2
XB.start (XB_Rx, XB Tx, @, XB_Baud) " Initialize comms for XBee
XB.Delay (1000) " One second delay

" Configure XBee module
XB.Str (String ("Configuring XBee...",13))
XB.AT_Init " Configure for fast AT Command Mode

XB.AT_Config(string ("ATD5 4')) " Send AT command turn off Association LED
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XB.str
XB.CR

Repeat
Data
If D

Va
Va

Else
XB

(string ("Awaiting Data...")) " Notify Base

In := XB.RxTime (100) " Wait for byte with timeout

ataln == "!" " Check if delimiter

11 := XB.RxDecTime (3000) " Wait for lst value with timeout
12 := XB.RxDecTime (3000) " Wait for next value with timeout
Val2 <> -1 " If value not received value is -1
XB.CR

XB.Str (string (CR, 'Value 1 = ")) ' Display remotely with string
XB.Dec (Vall) " Decimal value

XB.Str (string (CR, 'Value 2 = ")) ' Display remotely

XB.Dec (Val?2) " Decimal value

XB.RxFlush " Clear buffer

XB.AT Config(string ("ATDB™)) " Request dB Level

Dataln := XB.RxHexTime (200) " Accept returning hex value

XB.Str (string (13, 'dB level = ")) Display remotely

XB.Dec (-Dataln) " Value as negative decimal

XB.CR

Ix (L) " Send dot to show actively waiting

Code Analysis:

Just as when we manually configure the XBeg, it requires a 2-second delay since last data
sent, the “+++” sequence, and a 2-second delay. This delay may be reduced by setting the
guard time lower (ATGT). The XBee object has a method called AT_Init which will perform
this sequence while lowering guard time to allow fast command configurations. Looking at
the XBee_Object code, we can see the actions taken. The rxFlush method is used to clear
datafrom the object buffer along with the OK’ s that are returned.

Pub AT _Init
{{

Configure for low guard time for AT Mode.
Requires 5 seconds. Required if AT_Config used.

1}

delay (3000)
str(string("+++”))

delay (2000)

rxflush

str (string ("ATGT 3,CN™))
tx (13)

delay (500)

rxFlush

After AT_Config, the ASSOC indicator LED on the XBee Adapter (if connected) is set to no
longer indicate association using XB.AT_Config(string ("ATD5 4")). Using fast command
times, the configuration of the XBee is quickly updated for D5 to be 4, setting the DIO5
output low.

After receiving the delimiter and 2 decimal values, the code requests and shows the dB level.
XB.AT_Config(string ("ATDB")) is used to place the XBee into Configuration Mode and send
the ATDB command (it also sends the CN to exit Command Mode). The returned
hexadecimal value is returned and saved using :

Dataln := XB.RxHexTime (200)
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o ThedBmlevel isdisplayed by sending it back to the Base unit.
e Note that RxFlush is used to clear out the buffer when using the Command Mode to prevent
buffered data from interfering. This means that not all of our burst data will be processed.
Testing:
v’ Base node XBee connected to PC using USB adapter (or a Propeler with
Serial_Pass_Through.spin) and X-CTU terminal window.
v Remote node XBee with Propeller running Config_Getting_dB_L evel.spin.

v Test using the *!" delimiter and values. Note that the dBm level is returned after a good set of
data and remaining dataislost, as shown in Figure 4-15.

Figure 4-15: Configuring and Reading dBm Level Test

Config with Variables: Using AT_Config, a complete string is required. If a variable value is needed, use
AT_ConfigVal method where a string and value are passed:

XB.AT_ConfigVal (string ("ATDL"), DL_Val)

Monitor LEDs: When the code starts and goes through the configuration sequence, watching the Tx & Rx
LEDs blink back and forth is a great indicator that it the XBee is accepting your Command Mode functions.
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While configuring the XBee in code is nice, it can lead to issues. Let’'s say you add code to change
the baud rate and it begins to communicate at 1200 baud after the configuration code. When you
download new code, the XBee will still be at 1200 baud and your configuration information at 9600
will not be understood. Thisis especially an issue if you changed the configuration!. Either manually
cycling power on the board to reset or using the XBee Reset line (brought LOW to reset before
configuring) to return to default configurations may be needed. While the Propeller resets with a code
download, the X Bee does not!

Summary

The BASIC Stamp and Propeller can both be programmed to receive data, bytes or decimal values.
With the BASIC Stamp, the use of RTS can help ensure data is not missed. XBee configuration may
be performed by both controllers using the XBee's AT Command Mode to change settings or to
request data such as dBm level for RSSI. While an XBee and terminal window were used, in
upcoming chapters two controllers will be used to interact with one another using XBee modules.
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5: Network Topologies & Control Strategies

While the XBee does a great job of handling the data link layer communications—getting data
between the nodes—it is up to the microcontroller coding to handle the communicating meaningfully
across the network at the application layer. Determining what data is sent, what will be done with it,
what node it is addressed to, and ensuring devices are ready to accept and use the data, are al up to
the programmer. The programmer must employ some networking strategy to help ensure application
datais sent and received properly. Depending on the complexity of the network and the data, different
topologies and schemes may be employed to send the data and interact between nodes. Networking
topol ogies include point-to-point and point-to-multipoint.

In either topology, but especialy in point-to-multipoint, control of the network must be performed to
ensure receivers are ready to accept data, the returning node knows where data is to be sent and
multiple nodes may not be able to send at once to a common destination. The XBee handles moving
the data between nodes, but the application of the network may require some scheme on the
programming side to ensure a controlled flow of data for operation, such as polling or scheduling.

In this chapter we will explore some networking strategies and use code to pass data between nodes

for control and acquiring data. We will keep the code and hardware fairly simple, but as always, use
your knowledge and desires to adapt these to your own needs.

Network Topology Examples

Point-to-Point Network

In a point-to-point network, data is sent between two nodes as shown in Figure 5-1. This is the
simplest form of communications to implement and doesn’t require any configuration changes to the
XBee. Both devices may be left on address 0 (MY = 0 and DL = 0), their default configuration. Data
sent from one unit to address 0 is accepted by and, if datais to be returned, is sent back to address O.

Base < "~ | Remote

Figure 5-1: Point-to-Point Communication Between Two Nodes

Should another pair of XBee modules wish to communicate in the same area, the address of those
nodes may be changed, such as to 1 by setting their MY and DL addresses, to allow point-to-point
communications between them. They may aso be placed in different PANs by changing the ID, or
different frequency channels using CH. A good example of point-to-point communication with
multiple channels would be a set of radio-controlled cars, each operating on a different set of
frequencies.

Point-to-Multipoint Networks

In a point-to-multipoint network, a node can communicate with multiple nodes on the network. This
requires each node having a unique address on the network.
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Simple Point-to-Multipoint Network

In a simple network as shown in Figure 5-2, all traffic is managed by a central node (a Master, Base
or Coordinator) that addresses a Remote node, sends data to that node, and data is from the Remote
nodeis sent back to the Base node.

With the XBee, the software at the Base (master) can change the destination address (DL ) to send to
a particular Remote node. Data from a Remote is always sent to the Base's address. If needed, the
Base can manage control between nodes, such as a receiving a sensor reading from one Remote node
and using it to control an actuator on another Remote node. An example could be wirelessly

monitoring irrigation needs using one Remote node, and controlling irrigation pumps controlled by
another Remote node. The base would centrally monitor the need for irrigation and control the system

accordingly.
Figure 5-2: Point-to-Multipoint
Base I » (Remote Ba;e_Node Commu.nicating
~ Individually to Multiple Remote Nodes

Complex Point-to-Multipoint Network

\

/

In more complex networks, data from any node may send data to any other node, as shown in Figure
5-3. In order for our program to respond with data properly, the receiving node must know the
address to return data. The address data may be passed as part of the application data sent or extracted
from the frame when using APl Mode (Chapter 6).

/ A \\
/ Figure 5-3: Point-to-Multipoint
Base Remote All Nodes Able to Talk to Other Nodes

\,,

Remote
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Broadcast Point-to—Multipoint Network

Another form of point-to-multipoint is the network broadcast. Data is sent from one node to all nodes
on the network. With the XBee, a DL of FFFF is used to send data to al nodes. On the data link side,
XBee communications using the broadcast address are NOT acknowledged. Data is simply sent and
assumed to have reached all destinations. Control actions may work well with a broadcast, such as
energizing a remote LED. Requesting a value be returned, such as a remote sensor reading, is
problematic since all nodes will attempt to respond and the processor must be fast enough to process

al incoming data.
Figure 5-4; Point-to-Multipoint
Base » | Remote
‘ Broadcasting Data to All Nodes

In moving datain our network, some control of which node talks when may be required to ensure the
data from multiple sources does not cause confusion. In a polling strategy, a central Base,
Coordinator or Master is in charge of controlling communications by aways talking first. Remote
nodes, or slaves, are not allowed to send data until polled by the Base. The Base may send out
updates for the Remote nodes or request data from them ensuring a controlled use of the network and
data flow. The Base node goes through alist or range of Remote node addresses, communicating with
each in turn, thereby maintaining control of communications. Note that the Remote nodes must
remain alert and ready to receive data from the Base. The USB protocol uses a polling strategy—the
host PC continually polls the USB devices.

Polling Strategy

Scheduling Strategy

A scheduling strategy may be employed where instead of the Base node controlling communication
and remote nodes having to remain alert, the base may be the passive node waiting for scheduled
updates from the Remote nodes. The Remote node may perform some task, go into alow-power sleep
mode, and wake to send an update to the Base and receive updates. Scheduling allows Remote nodes
to sleep or spend time processing, then to periodically send an update to the Base and receive new
updates before going back to sleep or doing its business of controlling its system. It also alows a
Remote node with urgent data (intruder alert!) to be sent immediately without waiting for its turn to
be polled.

With this strategy, since the Base node does not initiate the Remote node’s transmission, it needs to
have some method of determining the source of the received message. In addition to the Remote
node's data, it also needs the Remote's address so that it may respond to send updates to the active
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Remote node. Thereis a problem in that if two or more nodes try to send data at once, the based may
not be robust enough to process data coming in from multiple nodes at once.

BASIC Stamp Examples

With the BASIC Stamp, we will explore a variety of strategies to move data between devices. Due to
the BASIC Stamp module’s serial communications abilities, careful control of data is required. We
will use basic, common hardware to illustrate principles that may aid you in development of your own
systems.

Hardware

(2) BASIC Stamp development boards (1) Phototransistor

(2) XBee SIP or 5V/3.3V Adapter boards (1) 0.01pF capacitor

(2) XBee modules with default settings (1) 10 kQ Resistor

(1) Pushbutton (1) 220 Q Resistor

(1) LED

(1) Buzzer (piezospeaker) Optional: XBee USB Adapter and
(1) Servo additional XBee module

Board and Power!
Use an appropriate BASIC Stamp XBee Adapter Board with supplied power per Chapter 2.

v Assemble the hardware as shown in Figure 5-5 for the Base node and at least one Remote
node (multiple Remote nodes may be constructed for testing multi-node communications).
The Base will use the Debug Terminal for control and notifications in most examples.

P15 {_}——— XBee DOUT
P14 [>——— XBee DIN
P11 [O——— XBeeRTS

P15 {J——— XBee DOUT P12 [
P14 [———— XBeeDIN P8

P11 [O————— XBeeRTS

3.3V
PO 575 Ps >
10 kQ
V_ss
PO
Vgs
Base node BASIC Stamp and XBee module Remote node BASIC Stamp and XBee module

Figure 5-5: BASIC Stamp Base Node and Remote Node Schematics
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Using Point-to-Point for Pushbutton Control

In this example a pushbutton on the Base node is used to control the Remote node' s buzzer and LED.
The default settings of the XBee are used to send data between only two nodes, both on address 0.

As the pushbutton on the Base node is pressed, the value of the variable Fr eq is incremented by 500
and sent as a decimal value to the Remote node, increasing the pitch of the buzzer. If the value of
Fr eq exceeds 5000, it is reset to 500.

u IR R S O S O R S S S S R S S S S R S S S S

' Sinple_Control _Base. bs2

Sends changi ng frequency when button pressed

' R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEESE]
' {$STAMP BS2}

' {$PBASI C 2.5}

#SELECT $STAWP
#CASE BS2, BS2E, BS2PE

T9600 CON 84
#CASE BS2SX, BS2P
T9600 CON 240
#CASE BS2PX
T9600 CON 396
#ENDSELECT

| FEFExEkkxkxkxxkx*E Variabl es, Constants and Pins

Baud CON T9600 ' Set baud rate
Rx PI N 15 ' XBee DOUT

Tx PI N 14 ' XBee DIN

PB Pl N 0 ' Pushbut ton
Freq VAR Vor d

u kkkhkkkkhkkkhkkhkkhkkkkkkx '\/aln Loop

DO

IF PB = 1 THEN " If button pressed...
Freq = Freq + 500 " Increment Frequency
IF Freq > 5000 THEN Freq = 500 ' Limt to 500 to 5000
SERQUT Tx, Baud, [ DEC Freq, CR] ' Send Frequency as deci nal
PAUSE 500 ' Short del ay

ENDI F

LOOP

On the Remote node, the code waits until a decimal value is received, accepts the value, lights the
LED, sounds the buzzer at the frequency received, and finally turns off the LED to wait for another
decimal value. Note that in this example no flow control (RTS) is used so the BASIC Stamp must be
ready to accept incoming data.

Rk S R S S S R R R O o S S e S b S R R ko

Si npl e_Cont rol _Renot e. bs2

Recei ves deci mal value to control buzzer and LED

R R R S I I S S I R S I R S I I I S I I R I I I S I S I I I O I I I I
{$STAVP BS2}

{ $PBASI C 2. 5}
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#SELECT $STAWP
#CASE BS2, BS2E, BS2PE

T9600 CON 84
#CASE BS2SX, BS2P
T9600 CON 240
#CASE BS2PX
T9600 CON 396
#ENDSELECT

FrExxxAkxx*AEX*AE* \/ari abl es, Constants and Pi ns

Baud CON T9600 ' Set Baud rate
Rx Pl N 15 ' XBee DOUT

TX Pl N 14 ' XBee DIN

Led Pl N 0

Buzzer PI'N 8

Freq VAR Wor d

kkkkkkhkkkhkhkkhkkkkkk NHII'] Loop

DO

SERI N Rx, Baud, [DEC Freq] " Wait for decimal and accept
HI GH LED ' Turn on LED

FREQQUT Buzzer, 200, Freq ' Sound tone

LOW LED ' Turn off LED

LOOP

Testing:

v" Download Simple_Control_Base.bs2 to your Base node’s BASIC Stamp.
v Download Simple_Control_Remote.bs2 to your Remote node's BASIC Stamp.
v" Press and hold the Base node’ s pushbutton to test.

Optional Testing and Monitoring

V If you have an XBee at address 0 on an XBee USB Adapter Board and are using X-CTU, you can enter values
to be sent to the Remote node or simply monitor communications passing between nodes.

Point-to-Multipoint — Manual Polling of Remote Nodes

With manual polling, the user will interact with the Base node to control and monitor the Remote
nodes. The Base node prompts the user for information to control the Remote node’'s LED, buzzer,
servo or to request the reading of the phototransistor. The first step is to enter the address of the
Remote node to be controlled. It illustrates XBee configurations, flow control, node addressing and
application acknowledgements.

In the code, the XBee is configured for fast Command Mode by setting the guard time low (ATGT).
By setting guard time low, the XBee can be reconfigured in milliseconds instead of requiring several
seconds. The code requests from the user the address of the node to control. This is based on
constants in the Remote node’ s code for its address. In testing, only a single Remote may be used, but
you are free to set up as many as you desire.
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After accepting the Remote node' s address, the Base node' s program requests what action to perform:
whether to control the LED, the buzzer, the servo or to get the phototransistor reading. For control,
the value is requested from the user. The data is sent as an action identifier (L, B, S or R) plus a
decimal value for control items, such as for servo control:

SEROUT Tx, Baud, ["S", CR, CR] ' Send S

SERQUT Tx, Baud, [ DEC Dat aCut, CR, CR] ' Send Data

GOSUB CheckAck
The program waits briefly for an acknowledgement (“1") from the Remote or the Remote node's
value of the phototransistor circuit and repeats.

By setting the guard time low, the BASIC Stamp can configure the XBee within 20 milliseconds or so
instead of requiring 5 seconds to update the destination address (DL ). Note that this code does not use
RTS flow control — no data will be buffered. Since the Base is controlling the flow of data (Remote’s
do not send data without being contacted), the Base can be prepared to accept data. Also, the OK’s
sent from the XBee during configuration are not buffered—they are sent to the BASIC Stamp which
does not accept or use them because of how communications are timed.

Important Note for BS2e, BS2sx, BS2p, BS2pe, and BS2px Users

The following example programs use conditional compilation to ensure the correct baud rate for your BASIC

Stamp model, for communication proof-of-concept. However, other timing-sensitive commands within these
programs assume BS2 use; adjustments may be necessary for use with other BASIC Stamp models.
Specifically, you may need to make adjustments where (RCTI ME, PULSOUT, and FREQOUT are used.

For tips on how to modify BS2 code to work with other BASIC Stamp models, see the BASIC Stamp Editor’s
Help file (Editor version 2.5 or higher). Under the PBASIC Language Reference section, see the “Adapt BS2
Code to Other Models” article.

u Rk S S S O S I S S S O S S R O S S S O

' Manual _Pol | i ng_Base. bs2

Thi s program

' - Configures XBee for fast AT Command Mde

' - Usi ng DEBUG W ndow, User can control Renote

' L- LED, B-Buzzer, S-Servo or R-Read Renpte sensor
- Sets address and data to sel ected node address

- Accepts an acknow edgenent val ue

' - Requires 802.15.4 XBee (Series 1)

' LR E R R R EE R R EEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEREEEE]
' {$STAMP BS2}

' {$PBASI C 2.5}

#SELECT $STAWP
#CASE BS2, BS2E, BS2PE

T9600 CON 84
#CASE BS2SX, BS2P
T9600 CON 240
#CASE BS2PX
T9600 CON 396
#ENDSELECT

| REFExEkkxkxkxxkx*E Variables, Constants and Pins

Baud CON T9600 ' Set Baud rate
Rx PI N 15 ' XBee DOUT
Tx PI N 14 ' XBee DIN
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Dat aQut VAR Wor d ' Frequency to send

DL_Addr VAR Wor d ' Destination address for data
Dat al n VAR Byt e ' Ceneral variable for data

Li ght VAR Wor d ' Returned light |evel

!oxkkkxdkkxkkxxkkxxk Configure XBee in AT Conmand Mbde

PAUSE 500
DEBUG CLS, "Confi guri ng XBee..."

PAUSE 3000 ' Quard tine

SERQUT Tx, Baud, [ " +++" ' Command Mbde Sequence

PAUSE 2000 ' Quard tine

SERQUT Tx, Baud, ["ATGT 3, MW 0", CR] ' Set |low guard tine and Base address

SERQUT TX, Baud, [ " ATCN', CR] '

0 kkkkkkhkkhkhkkhkkkkkk NHII'] Loop
DO

Exit Command Mbde

' Request address and action in DEBUG W ndow

DEBUG CLS, "Ent er
DEBUG N HEX DL_Addr
GOSUB Confi g_XBee

DEBUG CR, " Choose Action:", CR

"S - Set Servo Position", CR
"L - Set LED State", CR,

"B - Set Buzzer Frequency", CR,
"R - Read Light Level", CR

we ow

DEBUG N Dat al n

" If Servo Control,
SELECT Dat al n
CASE "S' "s"

DEBUG CR, "Enter Servo Position (500-

DEBUG N DEC Dat aQut

DEBUG " Sendi ng Data!", CR

SERQUT Tx, Baud, ["S", CR CR]

SERQUT Tx, Baud, [ DEC Dat aCut, CR, CR]
GOsUB CheckAck

GOTO Done

' LED control,
CASE "L","I"

DEBUG CR, "Enter LED State (0/1):"
DEBUG N DEC Dat aQut
DEBUG " Sendi ng Data!", CR
SERQUT Tx, Baud, ["L", CR CR]
SERQUT Tx, Baud, [ DEC Dat aCut, CR, CR]
GOsSUB CheckAck
GOTO Done

get state and send

Buzzer control,
CASE "B", "b"
DEBUG CR, " Ent er

get val ue and send

Buzzer Frequency:"

get val ue and send

Node Address in Hex (1-FFFF):"

Accept address in Hex
' Set DL address of XBee

Accept choi ce

1000) : "
' Accept user data
' Send S
' Send Data
Get acknow edgenent

Accept user data

' Send L

' Send LED state

' Get Acknow edgenent
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DEBUG N DEC Dat aCut ' Accept user data
DEBUG " Sendi ng Data!", CR

SERQUT Tx, Baud, ["B", CR, CR] ' Send B

SERQUT Tx, Baud, [ DEC Dat aCut , CR, CR] ' Send Buzzer Frequency
GOSUB CheckAck ' Get Acknow edgenent
GOTO Done

Get reading from Renote sensor

CASE "R', "r"
DEBUG CR, "Requesting reading...",CR
SERQUT Tx, Baud, ["R", CR, CR] ' Send R
SERI N Rx, Baud, 1000, Ti neout, [DEC Light] ' Accept returning data
DEBUG "Light level =", DEC |ight, CR ' Display
GOTO Done
ENDSELECT
Ti meout :
DEBUG "No data recei ved", CR
Done:
PAUSE 2000
LOooP
Confi g_XBee:
Configure XBee for destination node address
PAUSE 10 ' Short guard tine
SERQUT Tx, Baud, [ " +++"] ' Command Mbde sequence
PAUSE 10 ' Short guard tine
SERQUT TX, Baud, ["ATDL ", HEX DL_Addr,CR] ' Set Destination Node Address
SERQUT Tx, Baud, [ " ATCN', CR] ' Exit Conmmand Mode
RETURN
CheckAck:
SERI N Rx, Baud, 1000, CheckTi meout, [ DEC dataln] ' Accept incom ng byte
|F dataln = 1 THEN " If 1, then ack'd
DEBUG BELL, "CK - Ack Received!", CR
ELSE " If received, but not "1", problem
DEBUG "Bad Ack!", CR
ENDI F
RETURN
CheckTi meout :
DEBUG "No ack received!", CR " |If nothing recieved
RETURN

The Remote node’s code uses RTS and a short timeout to keep the buzzer sounding and servo
positioned. It accepts a letter code and a decimal vaue for control (if L, S, or B) or sends the
phototransistor’'s reading (if R). For control actions, it sends back a decima value of 1 as
acknowledgment to the Base once data is received and processed.

If no data arrives within 10 ms, the execution branches to the Cont r ol subroutine to control the
LED, drive the servo, and sound the buzzer. By using a timeout, the output devices are continually
refreshed. RTS ensures that any data received during control action timing will be buffered for the
next SERI N operation.
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0 Rk S S S S S S S S S S O S S O O

" Pol |

i ng_Renot e. bs2

L &0 or 1to control
B & val ue to control
S & value to control
R to return val ue of

Thi s program accepts a character and val ues:

state of LED
buzzer frequency
servo position
i ght sensor

Ret urn acknow edgenents or val ue to Base
The address of node may be set by changi ng MY_Addr val ue

' Requires 802.15.4 XBee (Series 1)
v EE R R R R R I R R I R R I O R I
" {$STAWP BS2}

" {$PBASI C 2.5}

#SELECT $STAWP
#CASE BS2, BS2E, BS2PE

T9600 CON 84
#CASE BS2SX, BS2P
T9600 CON 240
#CASE BS2PX

T9600 CON 396
#ENDSELECT
L R R I I O Varlabl e’
Baud CON T9600
LED PI' N 0
Buzzer PI N 8
Phot oT PI' N 5
Servo PI N 12
Rx PI' N 15 !
Tx PI' N 14 !
RTS PI' N 11 !
Freq VAR Wrd '
State VAR Bit '
Dat al n VAR Byte '
Li ght VAR Word '
Posi ti on VAR Word '
My_Addr CON $2 !

Constants and Pins

XBee DOUT
XBee DI N
XBee RTS

Recei ved frequency for buzzer
Recei ved state of LED

General byte data
Measured |ight |evel

Recei ved servo position

Set address of node,

nodi fy as desired, $1-$FFFE

'oxkkkxkkxkdkkxkkxxk Configure XBee to use RTS and set Address

Position = 750

PAUSE 500

DEBUG CLS, "Confi guring XBee...",CR

PAUSE 3000 ' Quard tine

SERQUT Tx, Baud, [ " +++" ' Command Mbde Sequence
PAUSE 2000 ' Quard tine

SERQUT Tx, Baud, ["ATD6 1", CR] ' Enabl e RTS

SERCQUT Tx, Baud, [ " ATMY ",
SERQUT Tx, Baud, ["ATDL 0, CN', CR]

HEX My_Addr, CR]

Set node address
Set destination address of Base

' & Exit Conmand Mode
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' kkkkkkkkkkkkkkkkk \Qjn Loop
DO

GOSUB Accept Dat a

GOSUB Cont r ol

LOOP
Accept Dat a:
SERI N Rx\ RTS, Baud, 10, Ti neout , [ Dat al n] ' Accept byte
SELECT Dat al n
CASE "L" ' L to control LEF
SERI N Rx\ RTS, Baud, 1000, Ti meout, [ DEC State]' Accept LED state
PAUSE 200 ' Gve Base tinme to set up
SERQUT Tx, Baud, [ CR, DEC 1, CR] ' Return acknow edgment
CASE " B" ' B to set Buzzer
SERI N Rx\ RTS, Baud, 1000, Ti meout, [ DEC Freq] ' Accept buzzer frequency
PAUSE 200 ' Gve Base tinme to set up
SERQUT Tx, Baud, [ CR, DEC 1, CR] ' Return acknow edgment
CASE "S" ' Sto control Servo
SERI N Rx\ RTS, Baud, 1000, Ti meout, [ DEC Position]' Accept position
PAUSE 200
SERQUT Tx, Baud, [ CR, DEC 1, CR] ' Return acknow edgment
CASE "R' ' Rto read light sensor
Hl GH Phot oT ' Use RCTine to get val ue
PAUSE 5
RCTI ME Phot oT, 1, Li ght
PAUSE 100 ' Gve Base tinme to set up
SERQUT Tx, Baud, [ DEC Li ght, CR] ' Send val ue to Base
ENDSELECT
Ti meout :
RETURN
Control :
IF State = 1 THEN ' Control LED based on state
H GH LED
ELSE
LOW LED
ENDI F
IF Freq <> 0 THEN ' Control Buzzer based on Freq
FREQOUT Buzzer, 50, Freq
ELSE
PAUSE 100
ENDI F
FOR Dataln = 1 TO 20 ' Control Servo based on Position
PULSQUT Servo, Position
PAUSE 20
NEXT
RETURN
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Testing:
v Open Palling_Remote.bs2

v" Modify the MY_Addr constant to assign your Remote node's address, $1 to $FFFE
(code default is $2).

Download to your Remote node hardware.
Repeat steps above for any additional Remote nodes, giving each a unique address.
Open and download Manual _Polling_Base.bs? and download to your Base hardware.

Using the Debug Termina’s transmit pane (as shown in Figure 5-6), answer requested
information using both used and unused Remote node addresses and monitor the Remote’s
actions and responses.

v" Note that the Node Address is entered as a "2" in the Debug Termina without the
hexadecimal identifier of $.

D NN NN

Figure 5-6: Manual Polling Debug Terminal

Testing using Broadcast to Multiple Units

If you have multiple Remotes, perform a broadcast to all units using a node address of FFFF to
control an action and monitor Remotes. Y ou may test with a single Remote node to see that it works.

Optional: Using XBee & X-CTU for Monitoring and Control

Using an XBee on USB and Digi's X-CTU software is an effective way of testing data
communications, debugging, and monitoring data to or from the Base. It may be used to monitor data
being sent from the Base node to the Remote node by assigning the X Bee the Remote node' s address.
It may be used to monitor data from the Remote node by assigning it the Base node’s address. By
assigning the destination address to that of the Remote node, you may use the terminal to send the
control codes and values to the Remote.
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v" Place the USB-connected XBee on address 0 (ATMY 0) to monitor data from the Remote
node to the Base. Use the normal Base hardware to send data, and use the Debug Terminal
and the Base node to poll Remote nodes.

v" Place the USB-connected XBee on a Remote’s address (ATMY 2) to monitor data from the
Base node to the Remote node.

v" Place the USB-connected XBee to send to the Remote node's address (ATDL 2) with the
MY address of 0 (ATMY 0).

v" Send data to a Remote node by using the Assemble Packet window, such as:
o L (Enter),1 (Enter), or,
o S (Enter), 750 (Enter), or,
o B (Enter) 2500 (Enter), or,
o0 Rtoread

More on Acknowledgements

For acknowledgements, we have 3 cases. A “1" returned to the Base means data was accepted and
acknowledged (ACK). If no value is received, this is a no-acknowledgement (NACK) meaning the
data wasn't received. A vaue other than “1” would be a bad acknowledgement; this will normally
never happen unless there is a problem in our code and data is in the XBee buffer that isn't meant to
be there.

While our code doesn't take action on a NACK except to display it, you may program a DO
WH LE. .. LOOP to send the data several times (keeping track with a counter) until the retry valueis
exceeded or an ACK isreceived. Thisis very similar to what the XBee does to ensure data delivery
between modems, but ours would be for data delivery between the microcontroller applications.

Point-to-Multipoint - Automatic Polling of Remote Units with dBm

With automatic polling, the Base node cycles through the provided range of Remote unit addresses,
sending new parameters to each, reading each, and requesting and displaying the RSSI level of the
received packet using ATDB. For control actions, acknowledgements from Remote units are still
accepted and the statusis displayed.

In the code, setting Start _Addr and End_Addr establishes the range of addresses to poll. A
FOR- NEXT loop cycles through the addresses, setting the DL parameter for each using fast Command
Mode. Freguency, servo position and LED state are set and sent to the individual Remote unit using
the same format as in manual polling. The R command is sent to read the Remote unit and the dBm
level is obtained and displayed. After a complete cycle, one more set of updates is sent to the
broadcast address updating all Remote nodes with the same data.

Partial code listing for Automatic_Polling_Base.bs2; please see distributed files for full listing:

khkkhkkkkhkhkhkhkkkkhkkkk Mil n Loop
DO
FOR DL_Addr = Start_Addr TO End_Addr ' | oop through range of addresses
DEBUG CR, CR, "***** Starting Control of Address ",
I HEX DL_Addr " *%#*xxxr

GOSUB Confi g_XBee ' Set DL address
State = 1 :G0SUB LED State : PAUSE 200 ' Set Renote LED
Position = 500 :GOSUB Servo_Pos : PAUSE 200 ' Set Renpte servo
Freq = 5000 : GOSUB Buzzer_Freq : PAUSE 200 ' set Renote buzzer
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GOSUB Read_Li ght : PAUSE 200 ' Go read Renote
GOSUB Get _dB ' Go read & display dB
Freq = 0 : GOSUB Buzzer_Freq : PAUSE 200 ' Set Renote buzzer
Position = 1000 : GOSUB Servo_Pos : PAUSE 200 ' Set Renpte servo
State = 0 : GOSUB LED State . PAUSE 200 ' Set Renote LED
PAUSE 2000

NEXT

DEBUG CR, CR, "*******x* Control All Nodes! ****x*xxx«"

DL_Addr = $FFFF ' Set to control ALL nodes
GOSUB Confi g_XBee ' Set DL address
State = 1 :G0SUB LED State : PAUSE 200 ' Set all Renote LEDs
Position = 500 :GOSUB Servo_Pos : PAUSE 200 ' Set all servos
Freq = 5000 : GOSUB Buzzer_Freq : PAUSE 200 ' Set all buzzers
Freq = 0 : GO0SUB Buzzer_Freq : PAUSE 200
Position = 1000 : GOSUB Servo_Pos . PAUSE 200 ' Set all servos
State = 0 : GOSUB LED State . PAUSE 200 ' Set all LEDs
PAUSE 2000
LOOP
Cet _dB:
Request, accept, display dB | evel
PAUSE 10 ' Short guard tine
SERQUT Tx, Baud, [ " +++"] ' Command Mode sequence
PAUSE 10 ' Short guard tinme
SERQUT TX, Baud, [ " ATDB", CR] ' request dB | evel
SERI N Rx, Baud, 200, dB_Ti meout, [ HEX Dataln] ' Accept returning data
SERQUT Tx, Baud, [ " ATCN', CR] ' Exit Conmmand Mode
DEBUG CR, " RSSI dB = -", DEC Dataln
dB tinmeout:
RETURN

Testing:
v" Open Polling_Remote.bs2
v Modify the MY_Addr constant to assign your Remote's address, $1 to $FFFE (code default
is$2).
v" Download to your Remote node hardware.
v" Repeat steps above for any additional Remotes, giving each a unique address.

v Open Automatic_Polling_Base.bs2. Modify Start_Addr and End_Addr to encompass a
range of addresses included in your Remote nodes—include a range beyond your actual
Remotes' node addresses to test what happens when node is not present (by default, range is
addresses 1 to 3).

v Download to your Base hardware.

v" Using the Debug Terminal, monitor the polling as shown in Figure 5-7.
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Figure 5-7: Automatic Polling Debug Terminal

Optional: Using XBee & X-CTU for Monitoring and Control

Once again, an XBee on USB may be used to monitor data communications—if you did it with
manual polling, you can do it with automatic polling as well.

v" Using X-CTU, set the USB-connected XBee to a Remote node's address (ATDL 2) to
monitor polling data from the Base node.

Scheduled Updates from Remote Units

Allowing the Remote nodes to make initial contact with the Base allows them the ability to perform
other processes or to enter reduced power states (Chapter 6) without having to continually monitor for
incoming communications from the Base. A down side of thisis that with relatively slow processing
and limited serial communications handling of the BASIC Stamp, having multiple units attempting to
contact the Base simultaneously could affect operation. The use of RTS to allow the Base node's
XBee to buffer data (around 100 bytes worth), use of a start-delimiting character, and performing
operations quickly will aid in ensuring that the BASIC Stamp will get incoming current values and
send updates. Additionally, to limit the back-and-forth communications, application
acknowledgements will not be sent for this example.

To make the operation simpler, the communications back and forth will be limited to chunks of data
instead of sending control strings for LED, servo and buzzer independently.

e The Remote node will send ‘C’ and all its current values to the Base node including its
address (so the Base knows which address is contacting it) in asingle transmission.

e The Base node monitorsfor the‘C’ start delimiter and accepts incoming data.
e TheBase node will configure DL for the Remote’ s address using fast Command Mode.

e The Base node will calculate changes and send out “U” and all updated values to the Remote
node in asingle transmission.

e The Remote node waits for a short time for ‘U’ and updated data.
o Baseisready for an update from another unit.

Getting Started with XBee Modules - Page 85



5. Network Topologies & Control Strategies

Partial code listing for Scheduled_Base.bs2; please see distributed files for full listing:

R R O S o O o NE.' n Loop
DO
SERI N Rx\ RTS, Baud, 20, Updat eTQut,[Dataln] ' Wit for "C'" with tineout
IF Dataln = "C' THEN " If "C'" (Current), collect
DEBUG CR, "I ncom ng Data", CR
Accept incom ng values with tineout
SERI N Rx\ RTS, Baud, 1000, Updat eTQut , [ HEX DL_Addr]
SERI N Rx\ RTS, Baud, 1000, Updat eTQut , [ DEC Li ght ]
SERI N Rx\ RTS, Baud, 1000, Updat eTQut, [ DEC St at €]
SERI N Rx\ RTS, Baud, 1000, Updat eTCQut , [ DEC Fr eq]
SERI N Rx\ RTS, Baud, 1000, Updat eTCQut, [ DEC Posi ti on]

DEBUG CLS, " Unit ", IHEX DL_Addr," Reports", CR,
"Light Reading: ", DEC Light, CR, ' Display data
"LED State: ", DEC State, CR,
"Frequency: ", DEC Freq, CR,
"Posi tion: ", DEC Position, CR
GOSUB Confi g_XBee ' Configure XBee for DL address
GOSUB ChangeRenot e ' Change device val ues
SERQUT Tx, Baud, ["U', CR, CR, ' Send Update start character
DEC State, CR, CR ' Send new LED state
DEC Freq, CR, CR, ' Send new frequency
DEC Posi tion, CR] ' Send new position
ENDI F
Updat eTout :
DEBUG "."
LOOP

ChangeRenot e:

Freq = Freq + 500 ' Add 500 to received val ue
IF Freq > 5000 THEN Freq = 1000 " limt 1000-5000
DEBUG CR, "Setting buzzer to frequency of:", DEC Freq
IF State = 1 THEN ' Change LED state
State = 0
ELSE
State = 1
ENDI F
DEBUG CR, "Setting LED to state of: ", DEC State
Position = Position + 50 ' Add 50 to servo position
I F position > 1000 THEN Position = 500 " Limt 500 to 1000
DEBUG CR, "Setting Servo to position of: ", DEC Position
RETURN

On the Remote node, the code cycles through every 3 seconds to send current values and receive
updates. FI ushBuf f er is used to ensure the buffer is empty of data. In accepting data, just in case
the buffer held data that wasn't intended, the GOTO Accept Dat a ensures that erroneous characters
won't ruin accepting incoming dataif SERI N gets something other than a“U” delimiter.
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Choosing Start Delimiters

@ We've used “I”, “U”, “C” and other characters as delimiters to identify incoming strings and parameters.
Typically you want to choose characters that won't likely be transmitted for other reasons. Included in those
not to use are the letters “O” and “K” since OK’s are sent from XBee during configuration changes.

Partial code listing for Scheduled Remote.bs2; please see distributed files for full listing:

'okkkkkkkkkkkkkkk*% \NRjn Loop

PAUSE 1000
DO

GOSUB Fl ushBuf f er ' Ensure XBee buffer empty

GOSUB SendUpdat e ' Send current val ues

GOSUB Accept Dat a ' Receive returned data

GOsSUB Cont r ol ' Control Devices

PAUSE 3000 ' Three seconds before sending again
LOOP
Fl ushBuffer: ' Enpty XBee buffer

SERI N Rx\ RTS, Baud, 50, Fl ushTi ne, [ Dataln] ' Get data

GOTO Fl ushBuf f er " If data, get nore data
FI ushTi ne: " If timed out, done
RETURN

SendUpdat e:

GOSUB ReadLi ght ' Read light |evel
DEBUG CR, " Sendi ng Updat es", CR
SERQUT Tx, Baud, ["C', CR, CR, ' Send C and val ues
HEX My_Addr, CR, CR, ' Node's address
DEC Li ght, CR, CR, " Light Ievel
DEC St ate, CR, CR ' LED state
DEC Freq, CR, CR, ' Frequency
DEC Posi tion, CR] ' Servo position
RETURN
Accept Dat a:
SERI N Rx\ RTS, Baud, 1000, Updat eTout , [ Dat al n] ' Accept byte
IF Dataln = "U' THEN " If "U', then accept
SERI' N Rx\ RTS, Baud, 1000, Updat eTQut, [ DEC St at €] ' LED State
SERI N Rx\ RTS, Baud, 1000, Updat eTCut , [ DEC Fr eq] ' Buzzer freq
SERI N Rx\ RTS, Baud, 1000, Updat eTCut, [ DEC Position]' Servo Position
DEBUG " Updates: ", CR ' Display
DEBUG "LED St at e: ", DEC State, CR
DEBUG " Fr equency: ", DEC Freq, CR
DEBUG " Posi ti on: ", DEC Position, CR
ENDI F
GOTO Accept Dat a ' Ensure not nore data
Updat eTout :
RETURN
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<

Open Scheduled Remote.bs2.

Modify the MY_Addr constant to assign your Remote’s address, $1 to $FFFE (code default
is$2).

Download to your Remote hardware.

Repeat steps above for any additional Remotes, giving each a unique address.

Download Scheduled Base.bs2 to your Base hardware.

Using the Debug Terminal, monitor the updates as shown in Figure 5-8.

AN

D NN NN

Figure 5-8: Scheduled Update Monitoring in Debug Terminal

Separating Update Times on Remotes

In our code, we simply wait three seconds between updates. If you have multiple Remote nodes with
identical code and they are powered up at once, they will all be on the same schedule and may cause
issues with updates as they all send at once. By energizing at separate times, it will help ensure
updates are separated. In code you may change the PAUSE before the main DO- LOOP to be based on
something unique if all are powered up at once, such as:

PAUSE 1000 + (DL_Addr * 500)
Thiswill help offset the transmission of Remote nodes. The XBee itself has a setting, Random Delay

Slot (RN) to help randomize its “ back-off and retry” algorithm so that the modems themselves are not
locked in sync and having problems sending data with the exact same retry times.

Propeller Examples

The Propeller chip’s speed, buffering of the serial data, and use of multiple cogs makes duplex seria
communications easy to implement without the use of flow control. We will use basic, common
hardware to illustrate principles that may aid you in development of your own systems.
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Hardware

(2) Propeller development boards
(2) XBee adapter boards

(2) XBee with default settings

(1) Pushbutton

(1) LED

(1) Buzzer

(1) Phototransistor

(2) 0.01uF capacitor

(1) 10 kQ Resistor

(D) 220 Q Resistor

Optional: XBee USB Adapter board and XBee module

@ Board and Power!
Use an appropriate BASIC Stamp XBee Adapter Board with supplied power per Chapter 2.

Assemble the hardware as shown in Figure 5-9 for the Base node and at least one Remote node
(multiple Remote nodes may be built for testing multi-node communications). The Base will use the
X-CTU terminal for control and notifications in most examples (any terminal program may be used
such asthe Parallax Serial Terminal).

PO {JF—— XBee DOUT
P1 [O——— XBeeDIN

PO {_}—— XBee DOUT
P1 [O——— XBeeDIN

3.3V
1
P7

10 kQ

Vss 200 Vss

P7
V_ss
Base node: Propeller chip and XBee module Remote node: Propeller chip and XBee module

Figure 5-9: Propeller Base and Remote Schematics

Using Point-to-Point for Pushbutton Control

In this example, the Base node unit will send the data to set the state of an LED and the frequency for
the buzzer. To exploit the Propeller chip’s features, counters are used control the frequency and the
brightness of the LED using PWM. State isavalue from 0 to 1023 for 10-bit PWM control and Freq
is a value from 0 to 5000. Pressing the button on the Base node will increase State and Fregq, not
pressing the button will ramp down State and Freq. The Base node will continually send “!” and the
two decimal values to be received and used.
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Partial code listing for Simple_Control_Base.spin; please see distributed files for full code:

Pub Start | State, Freq
XB.start (XB_Rx, XB_Tx, @, XB_Baud) ' Initialize comms for XBee

State 1= 0 " Initial state and frequency
Freqg =0
repeat
if ina[PB] == " If button pressed,
Freq := Freq + 100 <# 5000 " increase Freq to 5000 max
State = State + 10 <# 1020 " increase State to 1020 max
else " If released,
Freq := Freq - 100 #> 0 " decrease freq to @ min
State = State - 10 #> 0 " decrease state to @ min
XB.Tx (""1") " Send start delimiter
XB.Dec (State) " Send decimal value of State + CR
XB.CR
XB.Dec (Freq) " Send decimal value of Freq + CR
XB.CR
XB.Delay (100) " Short delay before repeat

The Remote node's code waits for the start delimiter (“!”), then accepts two decimal values for
control of the LED PWM and the buzzer frequency, which are used to control the devices.

Partial code listing for Simple_Control_Remote.spin; please see distributed files for full code:

Pub Start | Dataln
XB.start (XB_Rx, XB_Tx, @, XB_Baud) ' Initialize comms for XBee

repeat
Dataln := XB.Rx " Accept incoming byte
If Dataln == """ " If start delimiter
Dataln := XB.RxDecTime (500) " Accept value for LED state
if Dataln <> -1 " If wasn't time out, set PWM

PWM_Set (LED, Dataln)

DataIn := XB.RxDecTime (500) " Accept value for Frequency
if Dataln <> -1 " If wasn t timeout, set FREQOUT
Freqout_Set (Buzzer,Dataln)
Testing:
v Download Simple_Control_Remote.spin to the Remote node, and Simple_Control_Base.spin
to the Base node.
v" Press and release the pushbutton on the Base node while monitoring the Remote node’s LED
and buzzer.

Optional: Using an USB XBee and X-CTU for Control and Monitoring

You may use X-CTU with a USB-connected XBee on address 0 to send data to the Remote node
through the Assemble Packet window such as, 1200 (Enter) 2000 (Enter). X-CTU may also be used to
monitor data from the Base node to the Remote node.

Point-to-Multipoint—Manual Polling of Remote Nodes

In this example the Propeller Base node requests and accepts input from the user via the PC and a
terminal window. The Base node requests from the user the Remote node' s address to control (or
read and control) devices connected to the Remote node: turn the LED on and off, play tones on the
buzzer, and initiate a phototransistor measurement and read the results). The Base node also accepts
an application acknowledgement from the Remote node to help ensure actions were accepted.
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The code uses the XBee_0bject for the PC communications driver; notably, it is more fully featured to
accept decimal input from the terminal. The Base node’s code calls XB.AT_INIT to switch to fast
Command Mode for updates allowing XBee configuration changes in milliseconds instead of
seconds. The Base node's address is set to 0. The code requests from the user the Remote node’s
address and uses XB.AT ConfigVal to set the DL to send data to the identified address. The user is
prompted for the control action (L,B or R) and a value in the case of LED and buzzer control. The
control action code is sent along with a vaue for the update. It then accepts the phototransistor
reading for an “R” action, or obtains an acknowledgement for control actions of the LED and buzzer
from the Remote unit.

Due to buffering of serial data (up to 15 characters) by the Propeller FullDuplexSerial.spin drivers,
used and extended by the XBee_Object, ,RxFlush is used to ensure the buffer is empty of “OK”s from
the XBee and other data. In the Acknowledgement method, a byte value returned of 1 indicates data
accepted, no data returned (a timeout) indicated no-acknowledgment (NACK). Any other value other
than 1 indicates a problem with erroneous data in the buffer.

While our code doesn't take action on aNACK except to display it, you may program aREPEAT-WHILE
loop to send the data several times (keeping track with a counter) until aretry value is exceeded or an
ACK is received. This is very similar to what the XBee does to ensure data delivery between
Modems, but ours would be for data delivery between the applications.

Partial code listing for Manual_Polling_Base.spin; please see distributed file for full source code:

0BJ
XB : "XBee Object”
PC : "XBee_Object” ' Using XBee object on PC side for more versatility

Pub Start | Light, Dataln, DL_Addr, State, Freq

XB.Delay (2000)
PC.start(PC_Rx, PC_Tx, @, PC_Baud) ' Initialize comms for PC

PC.str (string ("Configuring XBee...",CR))
XB.start (XB_Rx, XB_Tx, @, XB Baud) ' Initialize comms for XBee
XB.AT_Init " Set up for fast Command Mode
XB.AT _Config(string ("ATMY 0)) " Set address of Base
repeat

PC.CR " User defines Remote node address

PC.str (string ("*** Enter address of node **x'' CR))

PC.str (string(" (1 to FFFE or FFFF for all):"))

DL_Addr := PC.RxHex " Accept address in hex and sets XBee DL
XB.AT_ConfigVal (string ("ATDL ") ,DL_Addr)

" User chooses action to take

PC.str (string (CR, "***** Choose Action: #**x*x"" CR))
PC.str (string ("L - Control LED",CR))

PC.str (string ("B - Contol Buzzer', CR))

PC.str (string ("R - Read Sensor',CR))

DatalIn := PC.Rx " Accept action

XB.RxFlush

case Dataln
"L","1": PC.str(string (CR, "Enter LED state (0-1023): "))

State := PC.RxDec " Accept value for state

XB.tx (L") " Transmit L followed by State
XB.Dec (State)

XB.CR

GetAck " Check for acknowledgement
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"B","b": PC.str (string(CR, 'Enter buzzer Frequency (0-5000): "))
Freq := PC.RxDec " Accept value for frequency
XB.tx ("'B"") " Transmit F followed by State
XB.Dec (Freq)
XB.CR
GetAck " Check for acknowledgement
"R","r": XB.Tx ("R™) " Transmit R to Remote
Light := XB.RxDecTime (500) ' Accept response
if Light == -1 " If no data returned,

PC.str (string (CR, 'No Response’,CR))
else " Else, good data
PC.str (string (CR, 'Light Level = "))
PC.dec (1ight)
PC.CR
PC.Delay (2000)

Pub GetAck | Ack

Ack := XB.RxTime (500) " wait for response

If Ack == -1 " -1, no ack received
PC.Str (string ("-No Ack!",CR))

elseif Ack == "1, good ack
PC.str (string ("-Good Ack! ™,CR))

else ' any other value - problem

PC.str (string("-Bad Ack!",CR))

In the Remote node’s code, the program configures for fast Command Mode and configures the MY
address of the Remote node based on the value in the CON section of the code for MY_Rddr. The code
waits for a byte and checks the action identifier to determine the action, such as accepting and
controlling the LED brightness based on the value, accepting and setting the buzzer’s frequency, or
reading and sending the value of the phototransistor. With control actions, the acknowledgement byte

of 1isreturned.

Partial code listing for Polling_Remote.spin; please see distributed file for full source code:

Start | DataIn, Light

.start (XB_Rx, XB_Tx, @, XB_Baud)

AT _Init

.AT_ConfigVal (string ("ATMY ") ,MY_Addr)
.AT_Config(string ("ATDL 0"))

XB.RxFlush
repeat
Dataln := XB.Rx
case Dataln
"L": DataIn := XB.RxDecTime (500)
if Dataln <> -1
XB.Tx (1)
PWM_Set (LED,Dataln)

" Dataln := XB.RxDecTime (500)

if Dataln <> -1
XB. Tx (1)
Freqout_Set(Buzzer,DataIn)

"R": Light := RCTime (PhotoT)
XB.DEC (Light)
XB.CR

" Initialize comms for XBee

" Set up XBee for fast Command Mode
" Configure node’'s address

" Configure address of Base

" Ensure XBee buffer empty

" Wait for byte

" If byte L, accept data from LED PWM

" Ensure wasn't timeout
" Send ack byte of 1
" Set PWM

" If byte B, accept data for buzzer
" frequency

" Ensure wasn't timeout

" Send ack byte of 1

" Set buzzer frequency

" If R, read RCTime of sensor

" Send value
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Testing:
v Open Polling_Remote.spin and modify the MY_Addr value as desired, choosing different
values for multiple Remote nodes (default is 2).
v" Download the code to the Remote node.
v" Repeat above if multiple Remotes are used.

v Download Manual_Polling_Base.spin to the Base node (Use F11 in the event the terminal
resets the Propeller).

v Open a termina program (X-CTU or other) on the PC for communications with the Base
node and respond to prompts as shown in Figure 5-10. If you used F11 to download your
code, you may reset the Propeller to catch initial messages.

v" Test both good and unused Remote node addresses.
v" Use an address of FFFF to test a broadcast to all nodes for a control action.

Figure 5-10: Manual Polling Base Terminal
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Using a USB XBee for Monitoring and Control

Using an XBee connected to the PC using a XBee USB Adapter Board and a terminal window is
good way to test Remote node code and monitor data passed. By setting the USB XBeeto aDL of a
Remote node' s address, you can use the Assemble Packet Window of X-CTU to send control actions
such as setting the LED (L 200 + Enter), buzzer (B3000 + Enter) or reading the phototransistor (R). It
may also be used on a MY address of 0 to monitor data from the Remote node, or a MY of the
Remote node’ s address to monitor data from the Base.

Point-to-Multipoint—Automatic Polling of Remote Units with dBm

With automatic polling, the Base node cycles through the provided range of Remote node addresses
sending new parameters to each, reading each, and requesting and displaying the RSSI leve of the
received packet using ATDB. For control actions, acknowledgements from Remote nodes are
accepted and the statusis displayed. Polling_Remote.spin is used on the Remote nodes.

The Base node’ s code uses a repeat l0op to cycle through the defined range of addresses defined in
the CON section, from DL_Start to DL_end and setting the XBee's DL parameter. It uses methods to
increment (but limit) the Remote's state value of the LED and the buzzer’'s frequency, accepting
acknowledgements, and reading the Remote’s phototransistor. It also uses fast Command Mode to
request, receive and display the RSSI dBm level using the ATDB command. After control of each
node individualy, it uses the broadcast address ($FFFF) to control the LED and buzzer of all Remote
nodes at once.

Partial code listing for Automatic_Polling_Base.spin; please see distributed files for full code listing.

Pub Start
XB.Delay (2000)
PC.start(PC_Rx, PC_Tx, @, PC_Baud) ' Initialize comms for PC

PC.str (string ("Configuring XBee... ',CR))

XB.start(XB_Rx, XB_Tx, @, XB_Baud) ' Initialize comms for XBee
XB.AT_Init " Set up XBee for fast Command Mode
XB.AT_Config(string ("ATMY 0)) " Set Base node's address

repeat

PC.str (string (CR,CR, "*** Individual Polling of Remotes **x'’))
" Poll nodes from start to end address
repeat DL_Addr from DL_Start to DL_End
PC.str (string (CR,CR, "*** Controlling Node: "))
PC.DEC (DL_Addr)
XB.AT_ConfigVal (string ("ATDL ") ,DL_Addr) ' Set Remote address

XB.Delay (100) " Allow OK's buffer

XB.RxF1lush " Empty buffer

Set_LED " Send LED settings

Set_Buzzer " Send buzzer settings
GetReading " Request Light value

GetdB " Read RSSI from Remote's data
XB.Delay (2000) " 2 second delay

" Control all Remotes using broadcast
PC.str (string (CR,CR, "#** Controlling ALL Nodes **x'"))

DL_Addr := SFFFF Set broadcast address
XB.HT_ConfigVal(string(”HTDL ”),DL_Hddr)

XB.Delay (100) " Allow OK's to buffer

XB.RxFlush " Flush buffer

Set_LED " Control LEDs

Set_Buzzer " Control Buzzers

XB.Delay (4000) " 4 second delay before repeating

Page 94 - Getting Started with XBee Modules



5. Network Topologies & Control Strategies

Testing:

v
v

Pub Set_LED
State += 100 " Increase PWM state by 100
if State > 1000 " limit 0 to 1000
State = 0
PC.str (string (CR, "Setting LED to: "))
PC.Dec (State)
XB.Tx (L") " Send L + value
XB.Dec (State)
XB.CR
GetAck " Accept acknowledgement

Pub Set_Buzzer

Freq += 500 " Increase buzzer freq by 500
if Freq > 5000 " limit freq 0 to 5000
Freq := 0
PC.str (string ("'Setting Frequency to: "))
PC.Dec (Freq)
XB.Tx ("'B") " Send B + value
XB.Dec (Freq)
XB.CR

GetAck " Accept acknowledgement

Pub GetReading

PC.str (string ("Getting Light Level: "))
XB.Tx ("'R"™) " Send R for light level
Light := XB.RxDecTime (500) " Accept returned data
If Light == - " -1 means timeout
PC.str (string ("No Response’))
else
PC.Dec (Light) " Display value
Pub GetdB
PC.str (string (CR, "Getting RSSI dBm: "))
XB.RxF1lush " Empty buffer
XB.HT_Config(string("HTDB")) " Request RSSI dB
Dataln := XB.RxHexTime (500) " Accept returning data in HEX
If Dataln == -1 " -1 means timeout
PC.str (string ("No Response’’,CR))
else
PC.Dec (-Dataln) " Display value in hex

Open Polling_Remote.spin

Modify the MY_Addr constant to assign your Remote node’s address, $1 to $FFFE (code
default is $2).

Download to your Remote node.
Repeat steps above for any additional Remote nodes, giving each a unique address.

Open Automatic_Polling_Base.spin. Modify DL_Start and DL_End to encompass the range of
addresses included in your Remote nodes—expand the range beyond your actual Remote
node addresses to test what happens when node is not present (By default, range is addresses
1to 3.

Download to your Base node.
Using aterminal window, monitor the polling as shown in Figure 5-11.
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Figure 5-11: Automatic Polling Base Terminal

Scheduled Updates from Remote Units

Allowing the Remote nodes to make initial contact with the Base node allows them the ability
perform other processes or enter reduced power states (Chapter 6) while not having to be continually
monitoring for incoming communications from the Base node. It also alows a Remote node with an
urgent update to send data without waiting to be polled. To limit the back-and-forth, all datais sent to
both the Base node and to the Remote nodes in one burst instead of separate commands being sent.
Acknowledgements are also not used to limit data flow and to ensure the Base is ready as quickly as
possible for an update from another unit.

To make the operation simple, the communications back and forth will be limited by sending chunks
of datainstead of sending control strings for LED and buzzer independently.

e The Remote node will send “C” and all its current values to the Base node including its
address (so the Base knows which addressis contacting it) in asingle transmission.
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¢ TheBase monitorsfor the “C” start delimiter and accepts all incoming data.

e The Base will configure DL for the Remote node's address using fast Command Mode used
by XB.AT_Config.

e The Base node will calculate and send out “U” and all updated values to the Remote node in
asingle transmission.

e The Remote node waits for a short time for “U” and updated data.
e Baseisready for an update from another unit.

Choosing Start Delimiters

We've used “!", “U”, “C” and other characters as delimiters and to identify incoming strings and parameters.
Typically you want to choose characters that won't typically be transmitted for other reasons. Included in those
not to use are the letters “O” and “K” since OK'’s are sent from XBee during configuration changes.

Partial code listing for Scheduled Base.spin; please see distributed files for complete code listing:

Pub Start
XB.Delay (2000)
PC.start(PC_Rx, PC_Tx, @, PC_Baud) ' Initialize comms for PC

PC.str (string ("'Configuring XBee...",CR))

XB.start (XB_Rx, XB_Tx, @, XB Baud) ' Initialize comms for XBee
XB.AT_Init " Configure for fast Command Mode
XB.AT_Config(string ("ATMY 0")) ' Set address of Base (MY)

PC.str (string (CR,CR, "*** Waiting for Data’))

repeat

Dataln := XB.rx " Wait for incoming byte character

If Dataln == "C” " If C, current update
DL_Addr := XB.RxDecTime (500) ' Accept Remote address
PC.str (string (CR," Update from Remote address :'))
PC.HEX (DL_Addr, 2)
State := XB.RxDecTime (500) " Accept LED state
PC.str (string (CR," LED State: "))
PC.DEC (state)
Freq := XB.RxDecTime (500) " Accept frequency
PC.str (string (CR," Frequency: "
PC.DEC (Freq)
Light := XB.RxDecTime (500) " Accept light level
PC.str (string (CR," Light Level: ")

PC.DEC (Light)
PC.str (string (CR, "** Updating Remote *x''))
XB.AT ConfigVal (string ("ATDL™) ,DL_Addr) ' Configure DL for Remote

Set_LED " Go send LED update
Set_Buzzer " Go send Buzzer update
PC.str (string (CR,CR, "*** Waiting for Data'’))
else
PC.tx(".") " Non-C data
Pub Set LED
State += 100 " Increase PWM state by 100
if State > 1000 " limit 0 to 1000
State = 0
PC.str (string (CR," Setting LED to: "))
PC.Dec (State)
XB.Tx (L") " Send L + value
XB.Dec (State)
XB.CR
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Pub Set_Buzzer

Freq += 500 " Increase buzzer freq by 500
if Freq > 5000 " limit freq 0 to 5000
Freq := 0
PC.str (string(CR," Setting Frequency to: "))
PC.Dec (Freq)
XB.Tx ("B") " Send B + value
XB.Dec (Freq)
XB.CR

The Remote node's code uses two cogs. one to send the current data (Start method) and one to
accept updates (AcceptData method). A delay of 5 seconds is used between sending updates (and
expecting updates). Due to the Propeller chip’s parallel processing abilities, the Remote node's code
can still accept updates at anytime should data be sent from the Base node or via an XBee using a
USB connection, such as B2000.

Partial code listing for Scheduled_Remote.spin; please see distributed files for complete code listing:

Pub Start | Dataln
XB.start (XB_Rx, XB_Tx, @, XB_Baud) ' Initialize comms for XBee
XB.AT_Init " Set for fast Command Mode
XB.AT_ConfigVal (string ("ATMY ") ,MY_Addr) ' Set Remote’'s address
XB.AT_Config(string ("ATDL 0"))
" Set Base address (destination)
cognew (AcceptData, @stack)

XB.Delay (2000)

repeat
XB.tx ("'C") " Send C for current data
XB.Dec (MY_Addr) " Send Remote's address
XB.CR
XB.Dec (State) " Send state of LED PWM
XB.CR
XB.Dec (FreqIn) " Send Frequency of buzzer
XB.CR
Light := RCTime (PhotoT) " Send Light level
XB.Dec (Light)
XB.CR
XB.Delay (5000) " Wait 5 seconds before next update

Pub AcceptDatal| Dataln
" Accept incoming settings

XB.RxFlush " Ensure buffer empty
repeat
Dataln := XB.Rx " Accept incoming byte character

case Dataln

"L": Dataln := XB.RxDecTime (500) ' If L, accept data for LED

if Dataln <> -1 Ensure not timeout value, -1
State := Dataln " Accept state
PWM_Set (LED, Dataln) " Set LED State

"B": Dataln := XB.RxDecTime (500) ' If B, buzzer data
if Dataln <> -1 " Ensure not timeout value, -1
FreqIn := Dataln " Accept data for Frequency
Freqout_Set (Buzzer,Dataln) ' Set buzzer Frequency

v" Open Scheduled_Remote.spin

v" Modify the MY_Addr constant to assign your Remote node’s address, $1 to $FFFE (code
default is $2).
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Download to your Remote node.

Repeat steps above for any additional Remote nodes, giving each a unique address.
Download Scheduled Base.spin to your Base nodes.

Using aterminal window, monitor the updates as shown in Figure 5-12.

RN NI

Figure 5-12: Scheduled Base Monitoring in Terminal

Separating Update Times on Remotes

In our code, we simply wait five seconds between updates. If you have multiple Remotes with
identical code and they are powered up at once, they will al be on the exact same schedule and may
cause issues with updates as they all send at once. By energizing at separate times, it will help ensure
updates are separated. In the code you may change the delay before the main loop to be based on
something unique if al are powered up at once, such as:

XB.Delay (1000 + (DL_Addr * 500))
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Thiswill help offset the transmission by Remote nodes. The XBee itself has a setting, Random Delay
Slot (RN) to help randomize its “back-off and retry” algorithm so that the modems themselves are not
locked in sync and having problems sending data with the exact same retry times. Of course, updates
may not be based on time but on some event taking place.

Summary

The XBee, using the IEEE 802.15.4 protocol, ensures data is passed between XBee modules
efficiently and correctly at the datalink layer. It is up to the programmer to initiate a scheme to ensure
that data communications between the applications are also efficient and as robust as possible.
Whether performing point-to-point or point-to-multipoint communications, the transmitter and
receiver need to have their code coordinated for the application at hand. Some possible schemes
include polling and scheduling of communications.
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6: Sleep, Reset & APl Mode

In this chapter we will explore using Sleep and Reset with the XBee, and aso dig into AP
(Application Programming Interface) mode, where data is sent as frames between the controller and
the XBee modem. While allowing greater data handling abilities, APl Mode can be difficult due to
the requirements of data framing.

Interfacing 5 V Input to the XBee Module

With the XBee being a 3.3 V device, it isimportant to limit the voltage input to that level or damage
may occur to the device. As discussed in Chapter 2, many of the communications and control linesto
the XBee are buffered on the XBee 5V/3.3V Adapter and the XBee SIP Adapter. However, the
general 1/0 lines are not. Whether working with the BASIC Stamp or 5V devices with the Propeller
chip, it may be necessary to reduce the input voltage to around the 3.3 V level. With digital 1/O, as
long as the voltage is near or lower than 3.3 V but high enough to be seen as a digital high, a precise
voltage is not important.

The voltage divider in Figure 6-1 may be used to reduce a 5 V digital output to a safe level for an
XBee input based on the formula of Vout = Vin x (R2)/(R1+R2). While this provides a voltage
output of 3.4V, it iswithin the tolerance of the XBee. The reason for choosing these values is that the
10 kQ (R2) and 4.7 kQ (R1) resistors are fairly popular sizes. To lower the voltage more, the size of
R1 may beincreased slightly or R2 decreased.

Vin
(from device output)

Vout
(to XBee input)

Figure 6-1: Voltage Divider for Digital 5 V to 3.3 V interfacing

The XBee has analog inputs as well, which we will explore. With the analog-to-digital converters
(ADC) on the XBeg, a reference voltage is used to set the upper limit of the analog resolution. This
reference voltage should not exceed the supply voltage of the XBee and is typically set to the supply
voltage of 3.3 V. Analog devices that have an output which exceeds 3.3 V should be used with a
voltage-limiting circuit, to prevent potential damage to the XBee.

Limiting or dividing analog voltages can be alittle tricky, and sensors within the operating limits are
preferable. When a suitable sensor is not available, a simple method is to employ the voltage divider
as shown in Figure 6-1. However, this may lead to issues of loading down the sensor’ s output, which
is based on the output capability of the device and its output impedance (similar to resistance); the
voltage measured at the ADC may be lower than the sensor’ s actual output. Larger resistors can aid in
limiting the effect of loading, such as using 47 kQ for R1 and 100 kQ for R2 instead, but a point can
be reached where the interface between the voltage divider and the ADC's input can cause loading
effects.

A simple test to determine if loading is causing issuesis to connect the sensor through the voltage divider,
and then measure the sensor’s output voltage and the voltage into the XBee's analog input. Using the
voltage divider formula, calculate and compare the expected voltage to the actud. With devices that have
variable resistance, such as a potentiometer, this should be checked at low and high values.
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Using Sleep Modes

With a current draw of around 50 mA while idle, the XBee is a major draw of current, reducing
battery life in a battery-powered system. The XBee has available two major sleep modes to reduce the
current consumption, but the XBee cannot receive RF or serial data while sleeping. Planning an
appropriate network scheme is important, such as using scheduled events controlled by battery
powered Remote nodes with a continually powered Base node.

There are two types of sleep modes: the first consists of using the SLEEP_RQ input pin to control the
sleep status, and the second are the cyclic sleep modes where the XBee automatically cycles between
being awake and asleep. Table 6-1 is from the XBee manual providing an overview of the sleep
modes (SM command). By default, the XBee SM parameter is O for “No Sleep” and the XBee is
always awake and ready to receive data. By changing the SM parameter, the sleep mode can be

changed.

Table 6-1: XBee Sleep Modes from XBee Manual

Mode Transition into Transition Out of Characteristics Related Power
Setting Sleep Mode Sleep Mode (Wake) Commands | Consumption
Pin Assert (high) De-assert (low) Pin/Host-controlled / <10 uA
Hibernate | Sleep_RQ (pin 9) Sleep_RQ NonBeacon systems (SM) (@3.0 5CC)

(SM =1) only / Lowest Power ’
Assert (High) De-assert (low) Pin/Host-controlled /
Pin Doze | Sleep_RQ (pin 9) Sleep_RQ NonBeacon systems
(SM =2) only / Fastest wake- (SM) <50 pA
up
Automatic transition | Transition occurs RF module wakes in
to Sleep Mode as after the cyclic sleep |pre-determined time
Cyclic |defined by the SM time interval elapses. |intervals to detect if
Sleep |(Sleep Mode) and ST | The time interval is RF data is present / (SMs)il_SP' < 536%Ai‘évhen
(SM = 4) | (Time before Sleep) |defined by the SP When SM =5 pIng
Parameters (Cyclic Sleep Period)
parameter.
Automatic transition | Transition occurs RF module wakes in
to Sleep Mode as after the cyclic sleep |pre-determined time
Cvelic defined by the SM time elapses. The intervals to detect if
Slyee (Sleep Mode) and ST |time interval is RF data is present. (SM), SP, | <50 pA when
_p (Time before Sleep) |defined by the SP Module also wakes ST sleeping
(SM =5) ; . ;
parameters or on a (Cyclic Sleep Period) |on a falling edge of
falling edge transition | parameter. SLEEP_RQ.
of the SLEEP_RQ pin

Typicaly, Pin Hibernate Mode is used to reduce power consumption. This allows the controller to
control the sleep status of the XBee, waking it when needs to communicate and leaving it asleep
when not. Once in mode 1 or 2 (SM = 1 or SM = 2), a high on the SLEEP_RQ pin will cause the
XBee to enter sleep once all data has been processed by the XBee. Thisisimportant in that the XBee
will not enter any sleep mode unlessits buffers are empty.

Sleep modes and RTS

An XBee will not enter any sleep mode unless the serial buffer is empty. If using RTS this could require extra
steps, but in testing it appears that using sleep and RTS are not compatible—once having slept and awoken,
RTS appears to be disabled. We don’t recommend using sleep while requiring RTS for flow control at this
time.

®
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On the BASIC Stamp, use Command Mode to enable aPin Sleep Mode (SM =1 or SM = 2):
SEROQUT Tx, Baud, ["ATSM 1", CR]

If you are using a Propeller chip, hereis a Spin example using XBee Object.spin that does the same
thing:

XB.AT_Config ("ATSM 17)

Use a controller output to bring the SLEEP_RQ pin high for placing the XBee into a sleep mode, and
set the pin low to wake the XBee module. Allow a short pause of around 10 ms after awaking the
XBee before sending any data. It isagood ideato bring this pin LOW early in your code. Otherwise,
when the controller resets, the XBee module will still be in sleep mode and may miss critical
configuration changes early in your code. Placing the pin low will ensure the module is awakened
early in your code and will catch any configuration changes.

Adapter Pin Labeling & Signal Conditioning

The SLEEP_RQ pin is multifunction as DTR/SLEEP_RQ/DI8. On the XBee USB Adapter, XBee Adapter and
@ XBee 5V/3.3V Adapter it is labeled as DTR. On the XBee SIP Adapter, it is labeled as SLP on the 5-pin female
header. For use with the BASIC Stamp, it is conditioned to 5 volts on the XBee SIP Adapter and the XBee
5V/3.3V Adapter Rev B.

Using Reset

Since the XBee module does not reset when the controller does, the XBee may not be in the correct
state to receive configuration changes in your code. For example, you may perform configuration
settings before changing baud rate or switching to APl Mode. When your controller resets manually
(not due to power cycling) or from a PC due to a program download, the XBee would still be in the
last configuration. By using the reset pin, you can perform a reset of the XBee so that it is in the
default configuration or the last saved change to the configuration.

The XBee resets with a LOW on the Reset pin. Bringing this pin LOW momentarily at the start of
your code ensures the XBee is in the configuration expected. Ancther option is to tie this pin to the
reset pin of your controller so that both reset at the same time.

Adapter Signal Conditioning

@ The XBee SIP Adapter and XBee 5V/3.3V Adapter Rev B use a diode to the reset pin, cathode to controller
1/0, to allow this pin to be brought low while still allowing the XBee to bring the pin low itself.
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APl Programming and Uses

In APl Mode (Application Programming Interface), the data between the XBee and the controller is
framed with essential information to allow communications, configuration changes, and special XBee
functions. Once in APl Mode, data is no longer simply sent and received transparently, but must be
framed for reception by the XBee and parsed from a frame sent from the XBee. Header fields
containing information needed for delivery and use of the data are added to the message sent. The
controller data is encompassed, or packaged, with these headers. The entire package is a single frame
of data. On transmission the headers are added to the data sent to form the frame. On reception, the
headers are read and used by the controller.

Benefits and features of using APl Mode include:
e Ensuring data sent from the controller to the XBee isfree of errors.

e Allowing controller code to verify data from the XBee to the controller is error free (error
checking not currently implemented in XBee_Object.spin).

e Building a frame for transmission with necessary information such as destination node
address.
e Ability to configure the XBee without flipping into Command Mode.

e Reception of data from another node in a frame containing the source node's address and
RSS! level of received data.

e Acknowledgement frames to ensure destiantion nodes received data and configuration
information.

e Specia XBee functions such as receiving analog and digital data from another node, remotely
configuring a node, and line-passing (inputs to one XBee control outputs on another XBeg).

The XBee manual illustrates how frames are constructed for transmission to and from the XBee. Each
frame type has a unique identifier called the API Identifier. For example, to transmit data to another
XBee by its 16-bit address (the DL address we normally use), the APl identifier is. 0x01
(hexadecimal) or 1. The frame format is shown in Figure 6-2.

Start Delimiter Length Frame Data Checksum
| Ox7E | | MSB | LSB | | API-specific Structure | | 1 Byte
API Identifier Identifier-specific Data
| 0x01 | | cmdData

Frame ID (Byte 5) Destination Address (Bytes 6-7) Options (Byte 8) RF Data (byte(s) 9-n)
Identifies the UART data frame for the 0x01 = Disable ACK
host to correlate with a subsequent ACK MSB first, LSB last. 0x04 = Send Packet with Up to 100 Bytes
(acknowledgment). Setting Frame Broadcast = OxFFFF Broadcast Pan ID per packet
ID to ‘0’ will disable response frame. All other bits must be set to 0

Figure 6-2: APl Frame Format for Data Transmission to 16-bit Address

Page 104 - Getting Started with XBee Modules



6. Sleep, Reset & API Mode

Breaking down the frame:

o Start Delimiter: All frames start with OX7E ($7E) to mark the start of the frame.

o Length (2 bytes) is the number of bytes from the next byte up to but not including the
checksum. It is broken up over 2 bytes (MSB and L SB) for lengths over 255 bytes.

e Frame Dataincludes:
0 AP Identifier: The unique value identifying the function of the frame.
o cmdData Datato be transmitted made up of:

= Frame ID: Numbers the frame to allow acknowledgements to be correctly
identified as belonging to a specific transmission. A value of 0 will return no
acknowledgement.

= Dedtination Address (2 bytes): The 16-bit address to which to send data. Set
to $FFFF for broadcast address.

= Options: Allows special functions and indications on reception such as to not
send an acknowledgement.

= RF Data(up to 100 bytes): The actual datato be transmitted.

o Checksum: All byte values summed together from after the length byte up to the checksum
byte, and subtracted from $FF.

Let's say we wanted to transmit the decimal value of 100 as ASCII vaues, that is a string of
“1"*0"and “0", followed by a carriage return to be sent to a node at address 2. The bytes for the
frame would be as shown in Table 6-2.

Table 6-2: APl Frame Values to Transmit Decimal 100

Frame Element Value Function
Start Delimiter $7E
Length MSB $00 Number of bytes from API Identifier up to Checksum
Length LSB $09
API Identifier $01
Frame ID: $01
Dest. Addr. MSB $00 Destination node address ($0002)
Dest. Addr. LSB $02
Options $00 Send an acknowledgement
Data $31 ASCII character “1”
Data $30 ASCII character “0”
Data $30 ASCII character “0”
Data $0D ASCII Carriage Return (decimal 13)
Checksum $5D ($FF — ($01+$01+$00+$02+$00+$31+$30+$30+$0D))
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If any byte in the frame sent to the XBee is incorrect (the checksum doesn’t pass verification), it will
not be accepted. If correct, the XBee will repackage the data for the 802.15.4 protocol and transmit to
node $02. Figure 6-3 shows manually framing the packet for transmission using the Assemble Packet
window of the X-CTU terminal.

Figure 6-3: Manually Constructing an APl Frame

Notice that after the last byte, more data was returned by the XBee. This is a transmit delivery
acknowledgement frame (API Identifier $89). The last 01 indicates that delivery failed—we had no
node listening at address $2. If you wish to test this yourself, try to send some data manually in API
Mode:

v With an XBee connected to USB, place the XBee in APl Mode (ATAP 1) using the Modem
Configuration tab or using Command Mode.

v On the PC Settings tab, select Enable API to ensure you can change configurations when you
need to.

In the Terminal tab, select Show Hex and open the Assemble Packet window.
Select the HEX button.
Enter the hexadecimal values and press Send Data.

You should get an acknowledgement—if you do have another XBee at address 2, it should
receive the data of 100.

Modify the values to send data to node O instead.

Try bad values—you should get no acknowledgement frame back because the packet was not
accepted and therefore the acknowledgement not transmitted.

v Return the XBee to AT Mode by setting ATAP to 0 and deselecting Enable API on PC
Settings.

NN NN

AN
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AT & API Communications

Note the XBee modules DO NOT need to be in the same mode to communicate. An XBee at address $2 in AT
@ Mode will simply show the text of 100 was received. APl Mode is for communications between the controller
and the XBee, not between two XBee modules. XBee to XBee communications are also framed, using the
IEEE-802.15.4 protocol, but we never see it or work directly in it.

When in APl Mode, data received is similarly framed for reception by the controller to error check
(if desired), parse the fields, and pull out data. Figure 6-4 is the API frame for Receive Packet frame
showing the source’ s address, RSSI level and other fields that may be used by the receiving unit.

Start Delimiter Length Frame Data Checksum
| Ox7E | | MSB | LSB | | API-specific Structure | | 1 Byte
AP Identifier Identifier—specifi@|
0x81 | | cmdData

Source Address (Bytes 5-6) RSSI (Byte 7) Options (Byte 8) RF Data (Byte(s) 9-n)

Received Signal Strength bit 0 [reserved]

MSB (most significant byte) first, Indicator - Hexadscimal equivalent bit 1 = Address broadcast Up to 100 Bytes

LSB (least significant byte) last of (—dB_m) value. (For_example: bit 2 = PAN broadcast per packet
If RX signal strength = -40 dBm, bits 3-7 [reserved]

“0x28” (40 decimal) is returned)

Figure 6-4: APl Frame Format for Data Reception by 16-bit Address

Please see the XBee manual for other frame types discussed in this chapter.

Programming for APl Mode

For the Propeller, the XBee Object.spin file provides the ability to send framed data of various types
and to accept and parse framed data of various types. The following code demonstrates the method to
send a string such as “100” from the Propeller using APl Mode. The array of dataset[] is constructed
of the required bytes and data, the checksum calculated, and the entire frame is transmitted.

Pub API_Str (addyl6,stringptr)| Length, chars, csum,ptr

{«
Transmit a string to a unit using API Mode - 16 bit addressing
XB.HF’I_Str(2,str*ing("Hello number 2"")) ' Send data to address 2
TX response of acknowledgement will be returned if FrameID not 0
XB.API_RX
If XB.Status == @ '0 = Acc, 1 = No Ack

3
ptr =0

dataSet[ptr++] := $7E
Length := strsize(stringptr) + 5 ' API Ident + FrameID + API TX cmd +
" AddrHigh + AddrlLow + Options

dataSet[ptr++] := Length >> 8 " Length MSB

dataSet[ptr++] := Length " Length LSB

dataSet[ptr++] := $01 " API Ident for 16-bit TX
dataSet[ptr++] := FramelD " Frame ID

dataSet[ptr++] := addyl6 >>8 " Dest Address MSB
dataSet[ptr++] := addyl6 " Dest Address LSB
dataSet[ptr++] := $00 " Options '$0@1 = disable ack,

" $@4 = Broadcast PAN ID
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Repeat strsize (stringptr) " Add string to packet
dataSet[ptr++] := byte[stringptr++]
csum = SFF " Calculate checksum
Repeat chars from 3 to ptr-1
csum = csum - dataSet[chars]
dataSet[ptr] := csum

Repeat chars from 0 to ptr
tx (dataSet[chars]) " Send bytes to XBee

On reception of data for the Propeller, the API Identification number of the received data is checked
and based on it the fields and data for the received frame are parsed.

Pri RxPacketNow | char, ptr, chan

8
Process incoming frame based on Identifier
See individual cases for data returned.
Check ident with :
IF XB.rxIdent == value

and process data accordingly as shouwn belouw

1}

ptr 1= 0

Repeat
Char := rxTime (1) " accept remainder of data
dataSet[ptr++] := Char

while Char <> -1

ptr := 0

_RxFlag :=1

_RxLen := dataSet[ptr++] << 8 + dataSet[ptr++]
_RxIdent := dataSet[ptr++]
case _RxIdent

$81: "' sxxkxkxkk Bx data from another unit packet
"' Returns:
"' XB.scrAddr 16bit addr of sender
"' XB.RxRSSI RSSI level of reception
" XB.RXopt See XB manual
"' XB.RxData Pointer to data string
"' XB.RXLen Length of actual data
_srcAddrl6 := dataSet[ptr++] << 8 + dataSet[ptr++]
_RSST := dataSet[ptr++]
_RXopt := dataSet[ptr++]

bytemove (_RxData, @dataSet+ptr, RxLen-5)
_RxLen := _RxlLen - 5

bgtefillE@_RxData,@,l@S)
The BASIC Stamp doesn’t have the large amount of RAM or processing power of the Propeller chip.
We will show some sample code that can be used for some API testing, but it requires manually doing
much of the work and filling in some values for use. In general though, for basic transmission and
reception of data, AT Mode where the destination address is set and the RSS| level polled using
ATDB, as prior examples have used, is perfectly fine for use.

Propeller XBee Object API Interfacing

In this section we will explore API interfacing using XBee _Object.spin (version 1.6 or higher). The
top abject, API_Base.spin, will be used to communicate to alocal XBee using APl Mode for avariety
of tasks. The initial configuration shown in Figure 6-5 has a Propeller-interfaced XBee as the Base
node, and a USB-connected XBee as the Remote node assigned to address 2. USB is used to both
configure and monitor the Remote node’s XBee and to power the unit. The program API_Base.spin
will illustrate how the Base node’s XBee Object code is sending, receiving and using data from the
Remote node’s XBee.
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PC
3.3V
PO {J—— XBee DOUT [ S XBee VREF
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Propeller Base XBee USB Adapter Remote

Figure 6-5: Propeller APl Testing Configuration

v" Connect the hardware as shown (the 1/0 devices will be used later).

v" Using an open instance of X-CTU, set Remote node, the USB-Adapter connected XBeg, to a
MY of 2.

v" Have an instance of the X-CTU interface open for monitoring data communications with the
Base node, the Propeller connected XBee.

v Using F11, download API_Base.spin to your Propeller Base node, then open its terminal for
display.
v" A menu should be shown in the terminal. If not shown, reset your Propeller.

Transmitting a Byte

The first task we want to explore is simply sending and receiving characters that could represent
individual byte values sent from the Base node to the Remote node. Keep in mind that when
transmitting individual bytes, each byte is sent as an individual packet for reception. Sending a
collection of bytesin asingle transmission takes alittle more work that we will explore later.

v Choice 1inthe APl_Base.spin menu isto Send Character. Press 1 to select.
v Set the number of the destination node for the character—Enter 2.
v" Type acharacter to be transmitted.

If all goes well, the results should look similar to Figure 6-6. In the Remote nodes terminal window
(right), we can see the character displayed. In the Base node' s terminal, we have received notification
that the transmission was successful. A transmission acknowledgement frame was received,
indicating that our data was accepted with a status of “acknowledged.”
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Figure 6-6: Using API_Base.spin to Transmit a Character

v" Send another character to a node that is not present and see that you receive notification that
it was not acknowledged.

The code to accept and send your menu choice and data for transmission is as follows:

Case choice
"y

PC.str (string (13,13, "Enter address of Remote node (Hex): "))
Addr := PC.RxHex
PC.str (string ("Enter character to send: "))
Value := PC.Rx
XB.API_Tx (Addr, Value)
PC.str (string (13, "Character sent!’))
XB.Delay (2000)

The method call XB.API_Tx (addr,value) sends the address and byte value to the XBee Object, so it
can create a transmit packet properly framed for reception and use by the Base XBee, which will then
repackage and send the data to the Remote XBee.

In a separate cog, the Propeller using the XBee object monitors for incoming data frames. Based on
any incoming frames, the API Identification value (XB.RxIdent) defines what type of frame was
received.

repeat
XB.API_Rx
PC.Str (string (13,13, "*****x Rx Data Ident: $'))
PC.Hex (XB.RxIdent,2)
case XB.RxIdent

When the Remote node's XBee acknowledges reception to the Base node’'s XBeeg, the Base XBee
sends a transmit status frame to the Propeller. XBee Object accepts the frame and parses it, and then
API_Base.spin displays the information.
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$89: " Tx Status
PC.str (string (13, 'Transmit Status'’))
PC.str(string(13,” Status: "))

PC.Dec (XB. Status)
Case XB.Status
@: PC.str(string (- ACK™))
1: PC.str(string (- NO ACK"))
2: PC.str(string (- CCA Failure"))
@: PC.str(string ('~ Purged’))

The status of a transmission can be: an acknowledgement; no acknowledgement; CCA failure when
the RF levels are too high to transmit; or it could be purged in certain cases.

v Use Set Frame ID (choice 9) to change the frame to 0 and send another character. Note that
using a frame of O disables acknowledgement frames from being used, which can minimize
the data we need to process.

v Enter aFrame value of a higher value to turn acknowledgements back on.

Transmitting a Decimal Value

In order to send adecimal value such as“1234” it must be converted to a string using the number.spin
object. This allows the XBee to accept the string using the XB. API_Str method.

v Use choice 2 of the menu to Send Vaue.

Enter the address of the Remote node: 2.

Enter adecimal value and press Enter.

Verify the value is shown on the Remote’ s terminal and an “Ack” was received.

DN

In the code, the address and address are accepted. The value is converted to a string (using the object
“numbers.spin”) and XB. API_Str is used to send the values for framing and transmission.

o,
PC.str (string (13,13, "Enter address of Remote node (Hex): "))
Addr := PC.RxHex
PC.str (string ("Enter Value to send (Decimal): "))
Value := PC.RxDec
XB.API_str (Addr, num.toStr (Value, num#dec))
PC.str (string ("Value sent!”))
XB.Delay (2000)

Sending String Data

To send a string of text (choice 3), the code builds an array to transmit, consisting of up to 100
characters, or terminating with a carriage return (Enter) and sent by calling the XB.API_S+r method as
well.

PC.str (string (13,13, "Enter address of Remote node (Hex): ™))
Addr := PC.RxHex
PC.str (string ("Enter string to send: "))
ptr 1= 0
repeat
strIn[ptr++] := PC.Rx
while (strIn[ptr-1] <> 13) and (ptr < 100)
strIn[ptr-1] (= 0
XB.API_str (Addr, @strln)
PC.str (string ("String Sent!"))
XB.Delay (2000)
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Of course, a constant string can be sent using the Remote address and string function:

XB.API_Str (2, string("Hello World!"™,13))

Transmitting Multiple Data

Choice 4 allows us to combine text and decimal values. You may test by entering the necessary
information. Remember, if we want this data to be sent in a single transmission, the individual data
must be assembled before the packet is ready to be framed and transmitted. This requires adding
individual data that will be used to construct an array to eventually be transmitted. The code for
choice 4 demonstrates assembling multiple data for one transmission.

s
PC.str (string (13,13, "Enter address of Remote node (Hex): ™))
Addr := PC.RxHex
PC.str (string ("Enter string to send: "))
ptr 1= 0
repeat

strIn[ptr++] := PC.Rx
while (strIn[ptr-1] <> 13) and (ptr < 100)
strIn[ptr-1] (= 0
PC.RxFlush
PC.str (string ("Enter Value to Send (Decimal): ™))
Value := PC.RxDec
XB.API_NewPacket
XB.API_AddStr (estrIn)
XB.API_AddStr (num.toStr (Value, num#dec))
XB.API_AddByte (13)
XB.HPI_str(Hddr,XB.HPI_Packet)
PC.str (string ("String & Value Sent!"))
XB.Delay (2000)

After the datais accepted, XB.API_NewPacket is called to create a new packet of data. An array of data
is assembled using both. XBAPI_AddStr and.XBAPI_AddByte. Once the packet is constructed.
XB.API_Str iscalled to transmit the data, using XB.API_Packet asa pointer to the data.

Note that API_Str expects valid string data ending with a terminating O (done by filling the
API_Packet with al O's before use when XB.NeuwPacket is called). If data containing a O needs to be
sent, the XB. API_txPacket method must be used instead providing the number of bytesto send (size):

XB.API_TxPacket (addr, pointer, size)

Receiving Data

As data is received by the Base node's XBeg, it is placed into a frame for delivery to the Propeller.
APl _Base.spin will demonstrate ways of pulling out the incoming data for use, as well as use of
other information in the received frame.

v In the Remote node's terminal, select Assemble Packet to open the Send Packet window,
enter “Hello World!” and send the data. The Send Packet window is used to ensure the entire
string is sent in one transmission instead of a transmission for each character.

v"Your results should look similar to Figure 6-7.
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Figure 6-7: Receiving String of Data by API_Base.spin

On receiving a data packet, the frame is broken down by code in XBee Object. The API_Base object
shows pertinent data received, including the API identification, the source address, the RSS! level of
the received packet, the length of the actual data, the data itself, and any values sent (shown in the
next example). In this example, the most important piece of data is XB.RxData which points to an
array holding the incoming data.

$81: " 16-Bit Rx Data
PC.str (string(13,"16-Bit Addr Rx data’))
PC.str (string(13,” From Address: "))
PC.hex (XB.srcAddr, 4)
PC.str (string (13,"” RSSI Level: "))
PC.Dec (-XB.RxRSSI)
PC.str (string(13,"” Data Length: "))
PC.dec (XB.RxLen)
PC.str (string(13,"” Data Contents: "))
PC.Str (XB.RxData)
PC.Str (string(13,” 1st Value: "))

Value := XB.ParseDec (XB.RxData,1)
PC.Dec (Value)

PC.Str (string(13,"” 2nd Value: "))
Value := XB.ParseDec (Xb.RxData,?2)
PC.Dec (Value)

XB.API_str (XB.srcAddr,string ("0K"))

Also note that an “OK” is shown on the Remote node’ s terminal and the Base node's termina shows
the status of transmission of the “OK.” The address parsed from the received data is used to reply
back to the Remote node. Now let’s send some numeric values as data:

v' Clear the old data and enter 100,200 in the Remote node's Send Packet window and send
data.

v" On the Base node, you should see 100 and 200 for 1% value and 2™ value respectively, along
with the other data.

v The XBee object can take a string, and using commas and carriage returns as delimiters, parse
decimal values from strings. For example, this line pulls the 2 decimal value from a string
of text held in XB.RxData:

XB.ParseDec (XB.RxData, 2)
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Local Configuration

Whilein APl Mode, configuration information is also sent for use by the XBee and it will be rejected
if not properly framed. While AT Mode may still be used, using APl Mode eliminates the need of
popping in and out of Command Mode. Choice 5, Configure Local, allows entering the parameter
name and value for configuring the local XBee.

v Select choice 5.

v" Enter D5 for configuration parameter (association indication output).

v" Enter O for value (disable indicator).

v"If you have the LED connected to 104, use D4 and values of 5 and 4 to turn on and off.

If available, the association LED should stop blinking on the Base node’ s XBee adapter. The code of
XB.API_Config(str, value) is used to have XBee Object package a frame for delivery to the local
XBee.

g
PC.str (string (13,13, "Enter 2-letter Command Code: "))
strIn[@] := PC.rx
strIn[1] := PC.rx
strIn[2] = 0

PC.str (string (13, "Enter Value (Hex): ™))
Value := PC.RxHex

XB.API_Config(€StrIn, value)

PC.str (string ("Configuration Sent!"))
XB.Delay (2000)

Notice in the terminal window an acknowledgement is received from the XBee configuration. The
API Identification code of $88 shows the frame was received with data of the command sent (D5).
The value returned is valid on a query only, not a configuration change. In norma code
(non-interactive), the following code may be used to send configuration information:

XB.API_Config(string("D5"),0)

Local Query of Configuration Value

Y ou may also have the XBee Object query a setting on the local XBee by using choice 6 and entering
a parameter to query, such as ID for PAN ID. The API_Base object will send the query and display
the returned data parsed by XBee Object using the API frame identification of $88 once again. Code
to send data:

g
PC.str (string (13,13, "Enter 2-letter Command Code: "))
strIn[@] := PC.rx
strIn[1] := PC.rx
strIn[2] = 0

XB.API_Query (eStrlIn)
PC.str (string (13, "Query Sent!"))
XB.Delay (2000)

Returned frame data from XBee Object:

$88: " Command Response
PC.str (string (13, 'Local Config/Query Response’))
PC.str (string(13," Status: "))
PC.Dec (XB.Status)
Case XB.Status
@: PC.str(string(” - 0K"))
1: PC.str(string (" - Error’))
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2: PC.str(string(” - Invalid Command’))
3: PC.Str(string(” - Invalid Parameter’))
(

PC.str (string(13,” Command Response’’))

PC.str (string(13,” Command Sent: "))
PC.str (XB.RxCmd)

PC.str(string(13,” Data (valid on Query):"))
PC.hex (XB.RxValue, &)

Remote XBee Configuration

If you have firmware 10CD or higher installed on the XBee modules, you can aso configure the
parameters on a Remote node! This can be used to change normal parameters, or to control an output
on a Remote node—such as D5, the association LED, or any other digital output you desire along
with the PWM outputs.

v Monitor the Association LED on the Remote node.
Enter choice 7.

Enter 2 for the Remote’ s address.

Enter D5 for the association LED.

Enter 4 to turn it off and verify.

Repeat, using avalue of 5to turnit on.

NN NENEN

s
PC.str (string (13,13, "Enter address of Remote node (Hex): "))
Addr := PC.RxHex
PC.str (string (13, "Enter 2-letter Command Code: "))
strIn[@] := PC.rx
strIn[1] := PC.rx
PC.str (string (13, "Enter Value (Hex): ™))

Value := PC.RxHex

XB.API_RemConfig (Addr,eStrIn, value)

PC.str (string (13, 'Remote Configuration Sent!’))
XB.Delay (2000)

Notice that confirmation of configuration information is returned and parsed including the address,
status of configuration change, and parameter set.

Remote XBee Query

Using choice 8, the Remote node's XBee may be queried for current settings and values. Note that
you cannot read the value of a digital or analog input, only its configuration setting. Use choice 8 to
enter a Remote address (2) and avalue to query.

Codeto send query:

g
PC.str (string (13,13, "Enter address of Remote node (Hex): "))
Addr := PC.RxHex
PC.str (string (13, "Enter 2-letter Command Code: "))
strIn[@] := PC.rx
strIn[1] := PC.rx
XB.API_RemQuery (Addr, @StrIn)
PC.str (string (13, "Remote Query Sent!"))
XB.Delay (2000)
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Code to show parsed data:

$97:
PC.str (string(13,’ Remote Query/Configuration’))
PC.str (string(13,"” From Address: "))
(XB. srcAddr, 4)
PC.str (string(13," Status: "))
PC.Dec (XB.Status)
Case XB.Status
0: PC.str(strlng(" 0K'))
1: PC.str(string (" Error’))
("
("

(
2: PC.str(string Invalid Command’’))
3: PC.Str(string - Invalid Parameter'))
4 PC.str(strlng( - No Response’))

(13

PC.str (string Command Response’’))
PC.str(string(13 Command Sent: "))
PC.str (XB.RxCmd)

PC.str(string(13,” Data (valid on Query): "))
PC.hex (XB.RxValue, &)

Analog and Digital Data

Analog and digital data may be sent as framed data from a one XBee to another reading the API
frames if you are using firmware version 10A1 or higher. On the Remote node, the destination
address (DL) is set, the various I/O’s are configured for digital inputs or ADC, and IR is set for the
sample rate. The Remote node will send data of the configured /O at the set interval as a framed
packet with bits and data identifying the transmitted data. The number of samples per transmission
may be set using the I T setting (samples before transmit). XBee_Object.spin only accepts one sample
per transmission at thistime.

The XBee needs to be configured with appropriate 1/0 devices connected. Figure 6-5 on page 109
shows the XBee USB Adapter being used on a breadboard, and powered for convenience of
configuration changes from USB. It is using the phototransistor as an analog input and a pushbutton
as digital input. Note that the inputs on the XBee have internal pull-up resistors eliminating the need
for pull-up or pull-down resistorsin the configuration.

v" Through the X-CTU Modem Configuration tab, configure the Remote node’'s USB XBee for
the following:

0 MY tol(Remote XBeeto address 1)
1/0O Setting DO to ADC (2) (to read analog input)
1/0 Setting D1 to ADC (2) (to read analog input)
I/0 Setting D3 to DI (3) (to read digital input)
1/0 Setting D4 to DI (3) (to read digital input)
0 IR Setting to $7D0 (2000 decimal to sample once every two seconds)
v" Monitor the Propeller-connected Base node in X-CTU.
v" Information similar to Figure 6-8 should be displayed.

o O O O

Using Remote Configuration for non-USB connected XBee

® The Base XBee may also be used for configuration using menu Choice 7, Remote configuration to address 1.
Use WR to store data in non-volatile memory of the Remote unit.

Page 116 - Getting Started with XBee Modules



6. Sleep, Reset & API Mode

Figure 6-8: Analog and Digital Testing Results

Figure 6-8 shows the data sent from the Remote X Bee module. The frame identification indicates it is
analog and digital frame type ($83) from address 0001. The RSSI level is displayed as well as the raw
data contents in hexadecimal. Any active channel data is shown: the analog inputs on DO and D1 as
both decimal and converted to millivolts based on the 3.3 V reference. The full digital datais shown
and the active digital inputs on D3 and D4. Note that per our hardware, we only have an anaog input
on D1 and a digital input on D4. The other data is sent simply for testing reading the data. From the
XBee manual, the data sent for the frame is constructed as shown asin Figure 6-9.
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Header
f———_———_;;;::_——-_———_——-_——-_———_— Bytes 2-3 (channel indicator)

| Total number of samples | |n|a|A5|A4|A3|A2|A1|A0|D8|D7|D6|D5|D4|D3|D2| D1|DIO|

bit 15 . . . . bit 0
Bit set to ‘1’ if channel is active

Sample Data
DIO Line Data is first (if enabled) ADC Line Data

|X|X|X|X|X|X|X|8|7|6|5|4|3|2|1|0|| ADCn MSB | ADCn LSB |

Figure 6-9: ADC and Digital Data Format

The Header defines the number of samplesin the transmission and sets any bit high for which analog
or digital datais sent. The Sample Data contains the actual digital data as two bytes, and the MSB and
L SB bytes (for 10-bit data, maximum value 1023) of each analog channel sent.

Looking at our actual data contents received for the last transmission:
e 01 = Number of samples: 1
e 06 =Anaog channels Al and A2 are active (Binary 0000_0110)
e 18 =Digital channels D4 and D3 are active (Binary 0001_1000)
e 00=DIOlinedataisal 0'sfor upper byte (Only D8 and rest unused)
e 08=DIOlinedatafor D7 to DO, only D3 is high (Binary 0000_1000)
e 00& 35=Anaog channel 0 data (0035 converted to decimal = 53)
o 02 & 89=Anadog channel 1 data (0289 converted to decimal = 649)

The analog channels are converted to a voltage with the following equation to multiply received value
by 3300 mV (3.3V = reference) and divide by 1023 (the maximum analog value):

Data value x 3300/ 1023.
The XBee object reads this fairly complex data, analyzes it, and allows the top object to access the

data in a manageable format for use. Should any channel read not contain enabled data, a value of -1
isreturned.

$83: " ADC / Digital I/0 Data

PC.str (string(13,’ HDC/Dlgltlal data )

PC.str (string(13,"” From Address: "))

PC.hex (XB. srcAddr, 4)

PC.str (string(13," RSSI Level: "))

PC.Dec (-XB.RxRSSI)

PC.str (string(13,"” Data Length: "))

PC.dec (XB.RxLen)

PC.str (string(13,"” Data Contents: "))

repeat ch from @ to XB.RxLen - 1 " Loop thru each data byte
PC. He?(bgte[XB RxData][ch], 2) " Show hex of data byte
PC. Tx
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repeat ch from 0 to 5 " loop thru ADC Channels
If XB.rxADC (ch) <> -1 " If not -1,
" data on channel
PC.str (string(13," ADC CH ™))
PC.Dec (ch) " display channel
PC.str (string(": "))

PC.str (string (" = "))
PC.Dec (XB. rxHDC(Ch) * 3300 / 1023) ' display in millivolts

(
©
PC.Dec (XB. rxHDC(Ch)) " display channel data
(
(
PC.str (string (" mV"))

Transmit LED?

The Tx LED on the USB Remote will not light when sending the analog/digital data. This LED is actually
indicating data sent to the XBee for transmission (DIN), not that it is transmitting.

Line-Passing

In line passing, the analog and digital inputs of one XBee are passed to another XBee to be directly
used to control devices (or have the outputs read by controller) instead of the controller reading the
packet. The same Analog/Digital packet is sent from the Remote node, but the values are used to
control the Base node's 1/0O instead. DO to D7 on the Remote will control DO to D7 on the Base
respectively. If analog values are read instead, an analog value on DO or D1 can control PWM outputs
on PWMO (normally used for RSSI) and PWM 1 respectively.

To configure the Base node for accepting Line Passing, use menu choice 5 for the following setting
where specified on the Base node.

v" Ensure the Remote node is configured for sampling analog and digital data from the previous
section.

v" Unplug the Remote from USB to stop data from being sent.

v Set |A to 1: Sets the address from which data will be used, for our example, the Remote node
isat an address of 1 (FFFF may be used to accept data from any device).

v' Set D4 to 4: Setsthe direction of the 1/0 to be controlled to be an output low.
v Set P1to 2: Sets PWM1 to output PWM.

v Set IU to 0: Disables the received analog/digital data frame from being sent to the Propeller
chip (datais used for 1/O control only). Thisvalueis normally 1.

v Connect the Remote node XBee to USB. Every 2 seconds, data should be sent from the
remote node updating the hardware on the Base node. The button on the remote node should
control the state of one LED on the Base node, and the light level at the Remote node's
phototransistor should control the brightness of the other LED on the Base node using PWM.

All 1/O controlled can use timeout values. If data is not received in a set amount of time, the output
will turn off. This value is in 100 ms increments. TO to T7 (timeout for DO to D1 outputs) is by
default $FF, 255 or 25.5 seconds. PT controls the PWM timeout. Setting these to 0 will disable
timeouts.

For more rapid updates, set the samplerate, IR, of the Remote node XBee to alower value. Also, IC
may be set to send data should digital data change. The binary value describes which 1/0 to use; FF
means any, DO-D7. A value of $10 (0001_0000) would send data only if D4 changes. Only digital
datais sent for a state change.
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v" Set the Remote node XBee's IR value using menu choice 7 and address 1 to configure IR to
50.

The digital output may be read directly by the Propeller to determine Remote node I/O states. The
PWM may be read directly by measuring pulse width. It is very fast, from around 3 to 61 ps (high to
low PWM), and read by a cog counter (such as using PulsIn_us Or using PULSIN_Clk for direct
counter value from BS2_Functions.Spin). Note that a constant high or low value will cause the cog to
lock up while waiting for a pin state change.

v The PULSIN_C1lk method has been included in your code for menu choice 0. Monitor the clock
counts on P7 as you adjust light levels at the Remote node. Note that maximum or minimum
values may cause the cog to lock up waiting for pin change.

v" Press any key while reading data to exit.

The PWM output may also be filtered to create an analog voltage using a low-pass filter shown in
Figure 6-10.

100 Q )
PWM Filtered

A o
Output W _L 0-3.3V
V_ss

0.01pF

Figure 6-10: PWM Filtering for Analog Voltage

BASIC Stamp and API Mode

While using APl Maode has clear advantages, the amount of RAM memory (26 bytes) on the BASIC
Stamp can make working with frames cumbersome and memory intensive. We'll demonstrate
sending and receiving frames, but if you simply need to send and receive data, we don’t recommend
APl Mode. Each unique use would require work to make it function for that use. Remember, both
sides of atransmission DO NOT need to be in APl Mode. It is simply a means of packaging datato
and from the controller and using higher-level functions.
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PC

P15 {———— XBee DOUT 3—|:-3V
P14 XBee DIN XBee VREF
[CO——— XBee
3.3V XBee 101
P11 [O——— XBeeRTS
XBee 104
‘:\ \}4 ee
XBee PWM1
XBee 104
220 0 220 0 10 kQ
i
V;,s V-ss V_ss
BASIC Stamp Base XBee USB Adapter Remote

Figure 6-11: BASIC Stamp Testing Hardware Configuration

The Base node consists of a BASIC Stamp connected to an XBee, and LED and resistors directly
connected to the XBee that it will control. The Remote node consists of a XBee on a USB Adapter,
powered from USB, and having input devices of a pushbutton and phototransistor directly connected
to XBeeinputs.

The code, API_Base.BS2, will be used to send and receive framed data in APl Mode to highlight
some of the nice features of APl Mode and the XBee module in this mode. The code is very long and
memory intensive. Further on we will discuss some tricks to use less memory, but generaly these
tricks reduce the amount of data received and nearly eliminate the need to use APl Mode in the first
place. The configuration in Figure 6-11 is used to test API_Base.bs2. The Base node is controlled and
monitored via the BASIC Stamp Debug Terminal and the Remote node is on USB for power and is
using X-CTU for aterminal. An array of 18 bytes called Dat aSet is used to hold the incoming and
outgoing frame.

Sending a Decimal Value

v" Configure the hardware as shown in Figure 6-11.

v" Configure the Remote node’'s XBee on USB for an address of 2 (MY=2) and monitor the
terminal window.

Download API_Base.bs2 to the Base.

Use menu option 1.

Enter a Remote address of 2 and avalue.

Note the value should be shown in the Remote node’ s terminal window.

On the Base, you should see the framed data that was sent, and a reply frame similar to
Figure 6-12.

D NN N NN
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Figure 6-12: API_Base.bs2 Sending Value with Response

Y ou can compare the data sent to the API frame format shown in Figure 6-2 on page 104 and identify
individual bytes of the frame. The Rx Frame data is a response from the XBee on the status of the

transmission. The option field identifies the result of the transmission.

v Send avaueto anode that is NOT present and view the status results.

Looking at the code to send our value, each field is assigned, the value is converted to decimal, the
checksum is calculated by subtracting all bytes from $FF, the data is transmitted, and the response

frameis checked.

SELECT Dat aSet (0)

CASE " 1"
Dat aSet (0) = $7E
DataSet (1) = 0
Dat aSet (2) = 11
Dat aSet (3) = $01
Dat aSet (4) = Franel D

DEBUG CR, "Hex Addr? "

DEBUG N HEX Val ue

Dat aSet (5) = Val ue. H GHBYTE
Dat aSet (6) = Val ue. LOMBYTE
DataSet(7) = 0

DEBUG CR, "Val ue? ", CR
DEBUG N DEC Val ue

Send val ue to address
Start Delimter

Lengt h MSB

Length LSB

APl | dent

Franel D

Ent er address

Parse address into frane

Options - request Ack
Enter value to send
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FOR Idx = 0 TO 4 ' Save value in frame as ASCl |
Dat aSet (8+l dx) = Value DI G (4-1dx) + $30

NEXT

Dat aSet (13) = CR ' End with CR

Dat aSet (14) = $FF ' Checksum start val ue

FOR idx = 3 TO 13 ' Cal cul ate checksum
Dat aSet (14) = Dat aSet (14) - DataSet (i dx)

NEXT

DEBUG CR

DEBUG " Sendi ng: ", CR

FOR idx = 0 TO 14 ' Show data frame
DEBUG HEX2 Dat aSet (I dx),

NEXT

FOR idx = 0 TO 14 ' Send data frame
SERQUT Tx, Baud, [ Dat aSet (1 dx)]

NEXT

GOSUB Get Fr ane ' accept returning frame

Upon calling Get Fr ane, incoming data is checked for and, based on the API Identifier, pertinent data
is displayed. (More could be shown for data, but memory limitations of the BS2 required a tightening
of the code.) Once data is received, the first byte is checked for the value of $7E (Start Delimiter),
and then based on the value of API Identifier, the datais parsed, pulling out appropriate data.

CGet Fr ane:
GOSUB d ear Dat aSet ' dear franme
accept frame data with RTS
SERI N Rx\ RTS, Baud, 50, Ti neout , [ STR Dat aSet\ 18]

Ti neout :
| F DataSet (0) = $7E THEN ' Check for start delinmter
DEBUG CR, CR, "RX Frane! ", REP "*"\40, CR
FOR IDX = 0 TO 17 ' Show frame
DEBUG HEX2 Dat aSet (| DX),
NEXT
GOSUB Par seDat a ' Break down frane
ENDI F
RETURN
Par seDat a:
DEBUG CR, ' Display length & APl |dent
"Len: ", DEC Dat aSet (1) <<8 + DataSet(2), CR
"Ident: ", HEX2 DataSet (3)

SELECT Dat aSet ( 3)

Based upon an API Identifier value of $89, it is identified as a Transmit Status Frame, and the field
values are used as needed:

CASE $89 ' Transmit status frane

DEBUG " Tx Status", CR
" Opt: ", DEC DataSet(5)

| F Dat aSet (5) 0 THEN DEBUG " K!"
| F DataSet (5) = 1 THEN DEBUG " No Ack"
| F Dat aSet (5) 2 THEN DEBUG " CCA Fail"
| F DataSet (5) = 3 THEN DEBUG " Purged"
DEBUG CR
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Setting Frame ID

If the frame ID is set to 0, a status frame will not be sent to the controller. This may be useful at times
to limit the amount of data coming in. Use menu option 3 to set the frame ID to 0, test sending a
value, and then returning frame 1D to a higher value.

Receiving a Decimal Value

APl_Basebs? can receive a decima value as well, and from the data packet pull additional
information—this is the true power of using APl Mode.

v" Select menu option 0 to continually monitor for incoming frames.

v" On the Remote node, use X-CTU’s Assemble Packet to send a value, such as 123, to the
Base.

v Monitor the Debug Terminal.
v Press any key to return to the menu (which may take several presses).

As shown in Figure 6-13, a frame with an API Identifier of $81 is accepted and parsed showing the
sender’ s address, the RSSI level of the received data, and the content of the data.

Figure 6-13: APl Base Parsing Received Frame of Data

In the code, the frame bytes are parsed, displayed, and the data bytes are converted to decimal values
for use.

CASE $81 ' Received data frane
DEBUG " Rx Data", CR,
" Addr: ", 1HEX4 DataSet(4)<<8 + DataSet(5), CR,
' RSSI: -",DEC DataSet(6), CR,
' Opt: ", IHEX DataSet(7),CR
' Data: "
Value = 0 ' show val ue & convert to decinal
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FOR IDX = 8 TO (8 + DataSet(2)-6)
DEBUG Dat aSet (| DX)
| F (DataSet (1dx) > $29) AND (DataSet (Idx) < $40) THEN
Value = Value * 10 + (DataSet(ldx)- $30)
ENDI F
NEXT
DEBUG " Val ue:", DEC Value,CR ' Display data

Receiving ADC and Digital Data

One of the great features of APl Mode is the ability to receive a frame of data from a Remote node’s
XBee containing digital and ADC data from signals applied to the Remote XBee. Inputs DO to D8
may be configured for ADC input (not al inputs alow ADC data) or for digital inputs. Based upon
the sampling rate, a frame of data with the values is sent for use in APl Mode. Please see the
Propeller section for afuller discussion of this operation.

v" On the Remote node’'s USB XBee, ensure DL is set to 0 (address of Base).
v In /O Settings, set:
o DOtoADC
o D1ltoADC
o D3toDlI (Digital Input)
o DA4toDlI (Digita Input)
v' Set sampling rate (IR) to 7D0 (2000 decimal, every 2 seconds).
v On the Base' s Debug Terminal, monitor frames using option 0.

Y ou should see framed data arrive as shown in Figure 6-14.

Figure 6-14: APl Base Receiving Analog and Digital Data
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Pressing the button on the Remote should change the value of DIO Ch4, and changing the light level
to the phototransistor should change the ADC Chl value. Ch0O and Ch3 are not used in our hardware,
but shown as additional data. The ADC is 10-bit, having a value of 0 to 1023. Please see the Propeller
section for afull discussion on how the data is arranged and what analysisis required.

v Set IR to 0 on the Remote node to stop transmissions.
On the Remote, you may have it send only digital data when there is a state change on the digital

inputs by setting |1 C to FF (monitor all 8 bits, DI0 to DI7). Note that the Base code can only accept up
to 2 channels of ADC Data.

Remote Configuration

Another great use of APl Mode is configuring a Remote node’s XBee (firmware version 10CD or
higher required). In this mode, the 2-letter command configuration and a value are sent to a Remote
XBee providing the address. This alows one XBee to manually control digital or PWM outputs on
another XBee or to change its configuration.

v" Using Base node option 2, enter the address for the Remote node (2).

Control the Association LED on the Remote by entering D5 for the command code.
Enter 4 to turn off the Association LED.

Repeat using 5 to turn the Association LED on.

Connect an LED and resistor to 102 and contral it using command D2.

D NN NN

Line Passing

In Line Passing, the outputs on one XBee are controlled by the digital and analog inputs on another
XBee. Please see the Propeller section on this topic for controlling the LEDs on the Base XBee. Base
configuration needs to be done in code locally, such as:

SEROUT Tx, Baud, [ " ATAP1, D61, | A1, D44, P12, U 0, CN',CR

v" Set the Remote node USB X Bee to send data every 50 ms (IR to 32).

v Press the Remote node’'s pushbutton and cover the phototransistor while monitoring the
LEDs on the Base.

Shortcuts for APl Mode

There are several good examples on the Parallax Forums for APl Mode on the BASIC Stamp. These
generally demonstrate very specific use while not gobbling up the majority of the free memory. The
basic method is to do much of the frame assembly manually, parse in the needed data and calculate
the final checksum value. If, for example, you wanted to send 2 bytes manually, the length and other
fields can be manually configured and the last few bytes calculated to be transmitted. For our
illustration, the following code is a shortcut method for remotely configuring an XBee using very
little RAM and ROM:

DO
DEBUG CR, "Hex Address of Renote? " ' Enter address
DEBUA N HEX Addr
DEBUG "2-1etter Conmand? " " Enter config code

DEBUG N Code( 0)
DEBUG N Code( 1)
DEBUG CR, "Hex Val ue? " " Enter value for config
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DEBUG N HEX Val ue
Checksum = $FF- $17- 2- Addr - code(0) - code(1)-val ue ' Cal ¢ checksum
DEBUG " Sendi ng: ", CR

SERQUT Tx, Baud, [ $7E, 0, 17, $17, " start, length, ident
0, REP 0\ 8, " Frane 1D 0O, O 64-bit
Addr . H GHBYTE, Addr.LOWBYTE, ' address
2, ' option - apply now
code(0), code(1), ' Config code
Val ue. H GHBYTE, val ue. LOMBYTE,' Val ue to send
checksuni ' Checksum val ue

LOOP

On receiving data, you may take advantage of special formatters within the SERI N Inputdata
argument. WAI T can be used to wait for the start delimiter, and SKI P can be used to skip over data to
the pertinent data:

SERI N Rx, Baud, [\WAI T($7E), SKIP 7, DEC Val ue]

Summary

When working with the XBee individual 1/0O, it's important to ensure that proper voltages are applied
to the 3.3 V device to prevent damage. Sleep mode alows placing the XBee module into a low-
current state. Using API, data can be framed for transmission to a particular node and received data
provides additional information and uses. The sending node’ s address and the RSSI level can often be
pulled from the frame, and options such as remote configuration and transmitting ADC and digital
data are available. While the coding for frames can be complex, the XBee object can assist when
working in APl Mode for the Propeller. Use of APl Mode on the BASIC Stamp should be weighed
against the need for the additional featuresit provides.
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7. Monitoring and Control Projects

In this chapter we will explore projects for monitoring and control of devices viathe XBee Modules.

With the BASIC Stamp, we will use StampPlot Pro, by Martin Hebel, for a monitoring and control
project then use it in a joystick-controlled wireless Boe-Bot project for monitoring the bot
graphically. As both projects rely heavily on using StampPlot Pro, we will begin with a short
discussion of its use.

For the Parallax Propeller, the project from Programming and Customizing the Multicore Propeller
Microcontroller (McGraw-Hill, 2010) will be used. When this chapter was written, Parallax was not
carrying the XBee with adapter boards, so aboard similar to the XBee SIP Adapter was used, but the
purpose is the same. The video capabilities of the Propeller chip are used to visually monitor a
remotely controlled bot.

About StampPlot Pro

StampPlot Pro is a graphical data acquisition and control software tool that accepts and sends data in
a way very similar to a terminal program. Using DEBUG statements in PBASIC or serid
communications objects with the Propeller chip, datais sent to StampPlot in order to plot data, update
interface objects, or to read interface objects. It also supports full configuration through text sent to it
and provides a means of drawing on the plot area. We will look at some key features of StampPlot
Pro related to the projects in this section. More information may be found in the package's help files
and in primer tutorials at www.selmaware.com/stampplot/download.htm, including how to develop
your own drag-and drop-interfaces. For questions on StampPlot, please use the Y ahoo forum listed on
the StampPlot web pages.

v Download and install StampPlot Pro: www.sel maware.com/stamppl ot/download.htm. .

Connecting a Device to StampPlot

StampPlot Pro may be used by directly connecting the controller to the PC running StampPlot. Or,
using Tranparent AT mode, the data for StampPlot can be sent from a remote node to an XBee USB
connected base on the PC.

The first step in connecting a BASIC Stamp or XBee module on an XBee USB Adapter board to
StampPlot is to ensure the correct COM port is selected (either actua or virtual using the USB
interface). You will take these steps later when you complete the two BASIC Stamp projects that
follow the StampPlot Configuration and Data Exchange Overview.

v" From the menu bar, select View — Configuration.

v" Select the correct COM port for your device. If you have Version 3.8.4 or higher, use the“?’
button to see only active COM ports.

v" Select Set as Default to ensure it is active the next time you open StampPlot.

v From the menu bar, select Plot — Connected (F6) and Plot Data (F7). You will notice
corresponding button bar options shown in down state.

Only one application at a time! As always, only one application on your computer can have access to a
COM port at a time. Programming and use of Debug Terminals will require StampPlot be disconnected (F6).

Valid COM Port Range: 1-15: StampPlot, using legacy code, can only connect to COM ports 1-15. If your
USB board is assigned a higher value, use your Windows Device Manager to select the COM port, go to
advanced settings, and select a valid COM port number.
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StampPlot comes with several pre-defined graphical interface options. Interfaces can also be custom-
built with text-based macro files (.spm files) created by StampPlot, like the one provided for this text:
Open Base Interface.spm. An interface can also be defined through information sent from a
microcontroller, as we will do later with the BASIC Stamp. Data for StampPlot may come from a
directly connected controller, such as the BASIC Stamp using the DEBUG instruction, or via a USB-
connected XBee using data sent from a controller using the SEROUT instruction.

StampPlot Configuration and Data Exchange Overview

This section gives an overview of StampPlot instructions for various types of tasks, as well as
example code snippets for both the BASIC Stamp 2 and Propller PBX32A. It is not meant to be a
hands-on tutorial, but an summary of some of the software’ s features.

Plotting Analog Data

Once connected, seria data may be sent to StampPlot for plotting up to 10 analog values. The general
syntax for plotting either sending single value or multiple comma-separated values (each plotted in a
different color) is:

10,50,90

End with Carriage Return!
All strings sent to StampPlot must end with a carriage return in order to be processed.

For the BASIC Stamp, single or multiple values may be sent from the BASIC Stamp, such as:

DEBUG DEC Val, CR
DEBUG DEC Val 1, ",", DEC Val2, ",", DEC Val3, CR ' multiple val ues
' with text-comms.

Using a Base node using the XBee USB Adapter, values may be sent to the computer from a Remote
node using SEROUT, which will then send the serial datato StampPlot:

SEROUT Tx, Baud, [DEC Val, CR]
SEROUT Tx, Baud, [ DEC Vall, ",", DEC Val2, ",", DEC Val3, CR]

With the Propeller chip, the XBee object or similar serial objects may be used for communicating
with either adirectly connected Propeller or through a USB Base XBee:

XB.Dec (val)
XB.Tx (13)

...or:

XB.Dec (Vall)
XB.Tx(",")
XB.Dec (Val?2)
XB.Tx (13)
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Plotting Analog Values Manually

When comma-separated values are sent, each value is assighed a separate channel, from 0 to 9, for
plotting and a color. The Analog Channdl (!AcHN) command instruction may also be used to manually
define the channel and color:

IACHN Channel, Value, Color
IACHN 1,310,(RED)

If you have multiple units sending data to one PC for plotting, these different units may send data for
different channels, allowing data from multiple units to be plotted on the same graph.

BASIC Stamp:

DEBUG "! ACHN 1,", DEC val, ",(RED)", CR

SEROUT Tx, Baud,[ "!ACHN 1,", DEC val, ",(RED)", CR]
Propeller:

XB.Str (string ("!'ACHN 1,"))
XB.Dec (val)
XB.str (string ("', (RED) ", 13))

View your data for format: A good check is to view your data with a serial terminal to ensure that your data is
formatted properly. The Immediate/DEBUG window in StampPlot can also be used to monitor data and errors.
It can also be used for directly entering text for testing or configuration of StampPlot.

@ Multiple Units Sending Data: If you have multiple units sending data to a single application, it may be
necessary to increase the XBee Packetization timeout (RO) value. This will help ensure strings are not sent a
portion at a time, possibly mixing together data from multiple transmitters. Ideally, a string should only be sent
if it contains a full set of data.

StampPlot Instructions

Instructions to control StampPlot, such as |ACHN above, may aso be sent. These commands can
configure nearly all aspects of StampPlot as well as creating interfaces directly from the controller.
Most of the instructions being with an exclamation point “!” (drawing instructions can use others) and
use a 4-letter instruction followed by data. Some examples:

ISPAN 0,2000 — Setsthe span of Y-axis

ITMAX 360 — Set maximum time on X-axis in seconds
IPLOT ON — Enables plotting

IRSET — Reset the plot (clear plot)

INEWP — Start anew plot, resetting all values to default

These commands can be sent from the microcontroller, entered into the Immediate/DEBUG Window
of StampPlot, or be used in the code of StampPlot objects such as a button on the interface when
clicked. Asadways, al strings must end with a carriage return.

BASIC Stamp:

DEBUG " ! RSET", CR
SEROUT Tx, Baud, ["!RSET", CR]

Propeller:

XB.Str (string ("'RSET",13))
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Creating and Using StampPlot Objects

In StampPlot, “objects’ are buttons, gauges, meters and the like, that a user normally interacts with
for viewing or control. This allows an interface to be developed for unique monitoring and control
applications.

Objects may be created in StampPlot via drag-and-drop using the Object Editor to develop the
interface, and the Macro Editor to generate the interface macro file. Objects may also be created in
code to be sent from the controller. The plotting area is reduced using the pper (Plot Percentage)
instruction to provide room on the background. Then, objects are created, defining object names and
the parameters. Thisinformation may be sent as strings from the controller.

IPPER 70, 100 — Plotting areais 70% wide and 100% high of StampPlot

For example, here is code to create a meter object called meter1 at position 75, 90, width and height of
20, range of 0 to 2000 with alarms at 0, 1500. When reading in the alarm area, the code for the meter
would be processed (not shown).

IPOBJ oMeter.Meter1=75.,90.,20.,20.,0,2000,0,1500

Once created, objects may be updated by using the 1poBI instruction (10 for short) and the object’s
name:

10 Meter1=500
BASIC Stamp:

DEBUG "! O Meter1=", Dec val, CR
SERQUT Tx, Baud, ["!O Meter1=", DEC val, CR]

Propeller:

XB.str (string ("'0 Meterl="))
XB.Dec (vall)
XB.Tx (13)

StampPlot interface objects may be referenced by placing the name in parentheses. One example of
thisis requesting the value be returned to the controller via a IReAD instruction, then accepting the data
by the controller:

DEBUG "! READ (Sliderl)", CR ' request object val ue

DEBUG N DEC val ' accept object value
...or:

SERQUT Tx, Baud, ["!READ (Sliderl)", CR] ' request object val ue

SERIN Rx\ RTS, Baud, 100, Tineout, [DEC Val] ' accept value with tinmeout
Propeller:

XB.Str (string ("'READ (Sliderl) ™, 13)) " request object value

Val := XB.RxDecTime (100) " accept value with timeout

Objects on the StampPlot interface may be edited by holding the Shift key and right-clicking an
object.
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Drawing Instructions

Drawing instructions allow drawing to occur within the plot area (or background). Using drawing
instructions allows lines, circles, arcs, points, text, and images to be placed on the plot. Coordinates
may be given to either reference the X (time) and Y (analog value) axis values, or as absolute
coordinates of 0,0 (lower-1eft) to 100,100 (upper-right) regardless of axis values by appending an “a’
to the value.

Hereisan example for drawing aline from 20,20 to 80,80, in red, using absol ute coordinates:

ILINE 20a,204a,80a,80a,(RED)

Using current data, the controller may send properly-formatted strings to draw in real time. Angles of
the arcs may be defined using the parc (draw arc) and prie (draw pi€) instructions, . The width of the
drawing may also be defined using the pwTH instruction.

Drawing instructions may also begin with @ for constant or ~ for temporary drawing commands.
Normally, when a drawing command such as ICIRC is executed, the command is performed again
when the plot redraws or is refreshed. A reset (1RseT) clears al drawings. Temporary commands are
not saved or redrawn during a refresh. Constant drawing commands persist through resets. Using
constant drawings, drawings may be performed once and will be redrawn through resets until a new
plot is started or the IcLRC (Clear constant) instruction isissued.

Actually, two plot areas, called pages, exist for drawing: page 0 and page 1. This allows a drawing to
be performed on a hidden page and then copied over to the viewed page, providing “instant” updates
instead of seeing each component drawn individually. Either page may be configured to be the
drawing and viewed page. The command pbrG1 (draw on page 1) can be used to draw to the hidden
page, and cpy1 to copy the image to the viewed page 0. Drawing (and plotting) to non-viewed pages
can dramatically increase the speed of drawing operations as well.

Math Operations

While not used in our examples, StampPlot may also perform floating point, trigonometric and many
more operations on data before use. For example, to convert a digital value from a 10-bit ADC
(analog to digital converter) with a span of 5 V back into an equivalent voltage before plotting,
inform StampPlot to perform math using brackets on the value and formatted for 2 decimal places:

[val * 5 /1023 FORMAT 0.00]
In PBASIC:

DEBUG "[", DEC val, " * 5/ 1023 FORMVAT 0.00]", CR

Note that all operations require spaces between values and operations. For equations, the order of
operationsis left to right unless nested brackets are used.

XBee Interfacing

Typically, the XBee is used simply as a transparent device for receiving and sending data between
StampPlot and the Remote units. However, recent changes to StampPlot make it more XBee friendly
for control and configuration purposes though APl Mode is not yet supported. For example, placing
the XBee into Command Mode and changing the destination address, such as to a DL of 2, can be
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performed. The general sequence of events for configuring the DL setting with guard times while
grabbing the returned OK (or values) is asfollows:

IWAIT 2
ISRAW +++
IGRAB 3
ISTAT (GRAB)
ISEND ATDL 2
IGRAB

ISTAT (GRAB)
ISEND ATCN
IGRAB

ISTAT (GRAB)

BASIC Stamp Project: Monitoring and Controlling a Remote Unit Project

In this project, we will use many of the features of StampPlot across an XBee network in order to
monitor data from a Remote unit and update parameters on the Remote unit. Figure 7-1 is the
hardware configuration of the project.

Hardware
(1) BASIC Stamp development board (1) Buzzer (piezospeaker)
(1) XBee SIP or 5V/3.3V Adapter board (2) Servo
(1) XBee USB Adapter Board (1) Phototransistor
(2) XBee modules with default settings (1) 0.01pF capacitor
(1) Pushbutton (1) 10 kQ resistor
(1) LED (2) 220 Q resistor
P15 {_J—— XBee DOUT
P14 [————— XBeeDIN
P11 [O———— XBeeRTS
P12 [
Vdd | white 4 ooo o
P8 ;f;(ik O e
PC — — 000
StampPlot Vss  Vss
P5s <& c?
® T
‘ 0.01 yF
E
XBee
USB 200 4 Vss
PO
Base Node on XBee USB Adapter Board Remote Node on BASIC Stamp Board

Figure 7-1: Base and Remote Plotting and Control Hardware
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In this example, the Remote BASIC Stamp reads the phototransistor and sends the data to the Base
node to be plotted in StampPlot (Figure 7-2). The Remote node then uses StampPlot’s IREAD
instruction to read the value of the interface switch and sliders. The switch controls the LED and the
dlider controls the pitch of the buzzer and the servo position. The StampPlot interface objects are
accessed by their names; Meter1, swLED, sldTone and sldservo.

v
v

v

Ensure your XBee modules are restored to their default configuration.

Open the interface macro provided in the distributed files by double-clicking
Base Interface.spm.

Connect StampPlot to the COM port defined for the XBee USB Adapter Board by using
View — Configuration in StampPlot and selecting the correct COM port. Use the “?” to view
current available COM ports.

Download Remote _Monitor_Control.bs2 to the Remote node.
Monitor StampPlot while changing the light level at the Remote node’ s phototransistor.
Change the virtual button and sliders on StampPlot and monitor the Remote node.

Figure 7-2: StampPlot Interface for Base
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The following code demonstrates sending data to the USB Adapter for plotting by StampPlot.

St ampPl ot _Updat e:
Hl GH Phot oT ' Use RCTinme to get val ue
PAUSE 5
RCTI ME Phot oT, 1, Li ght
Send value to be plotted on plot channel
I' ACHN Channel (0-9), value, color (0-15 or col or nane)
SERQUT Tx, Baud, ["! ACHN 0, ", DEC Li ght,", (BLACK)", CR]
Updat e neter
10 Meterl = val ue
SEROUT TX, Baud, ["! O Meter1","=", DEC Li ght, CR]
RETURN

When reading the interface, the Remote unit requests the values of swLED, sldTone and sldServo to control
the Remote node’ s hardware by requesting their values and accepting the returned data.

St ampPl ot _Read:
GOSUB Enpt yBuf f er ' ensure buffer enpty
request swtch value for LED state
I READ (sWwLED) for LED data
SEROUT TX, Baud, ["! READ (sSwWLED)", CR]
' Accept returned data
SERI N Rx\ RTS, Baud, 100, Ti neout , [ DEC St at e]
Request slider for buzzer
' READ (sl dTone) for buzzer frequency
SERQUT TX, Baud, [ "! READ (sl dTone)", CR|
' Accept returned value (0 to 5000)
SERI N Rx\ RTS, Baud, 100, Ti neout , [ DEC Fr eq]
I READ (sl dServo) to control servo position
SERQUT TX, Baud, ["! READ (sl dServo)", CR|
' Accept returned value (500 to 1000)
SERI N Rx\ RTS, Baud, 100, Ti neout , [ DEC Posi ti on]
Ti nmeout :
RETURN

BASIC Stamp Project: Wireless Joystick Control and Monitoring of a Boe-Bot

For this project we will develop a wirelessly controlled Boe-Bot (our Remote node) using the 2-Axis
Joystick module on a second BASIC Stamp board (our Base node), and will monitor the robot using
StampPlot. The Base node is connected to the PC for control and sends data to the PC for StampPl ot
updates.

Hardware Required

For Boe-Bot (Remote node) For Joystick (Base node)
(1) Boe-Bot Robot, assembled and tested* (1) Board of Education and

(#28132 or #28832) BASIC Stamp 2
(2) Ping))) Ultrasonic Distance Sensor (#28015) (1) 2-Axis Joystick (#27800)
(1) Ping))) Mounting Bracket Kit (#570-28015) (1) XBee SIP Adapter
(1) HM55B Compass Modul e (#29123) (1) XBee 802.15.4 module
(1) ServoPal (#28824) (1) Piezospeaker
(1) XBee SIP Adapter (3) 220 Q resistors
(1) XBee 802.15.4 Module (D) 1 kQ resistor

(2) 0.01 pF capacitors
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Note: you may wish to construct your Boe-Bot so that that the servos are positioned with the access
@ port facing away from the battery pack. This will allow easy access to the servos’ adjustment screws
from the back of the chassis for re-centering the servos later in the activity, if needed.

Building the Robot (Remote Node)

Figure 7-3 shows the Boe-Bot hardware configuration used in this project. The Boe-Bot drive is
controlled from wirelessly received data, using the ServoPal to allow smooth driving while sending or
receiving data. A Ping))) sensor on the servo mount is used to look directly ahead or at an angle to the
Boe-Bot. The HM55B Compass Module monitors the direction of the Boe-Bot. The Ping))) sensor
distance in inches and the mount servo direction are sent back to the Base for monitoring with
StampPlot. Figure 7-4 is an image of our assembled Boe-Bot.

v Construct the Boe-Bot and download Wireless Joystick_BotBot.bs2. Be sure your board's
servo voltage jumper is set to Vdd to prevent damage to the ServoPal.

ServoPAL .
XBee SIP Left Wheel (Bottom) Right Wheel
Adapter i
XBee-
oa/cc ADU/D\zoooo
oo e
B it HMS58
o Compass Vdd
R T ServoPAL
(Top)
N vdd | vdd
Z30ZE
POOOG P12 P13
Standard Servo
for PING))) PING))) = =
Vdd P9 26075 ‘Www.parallax.com Vss
P10 L
P11
V;s

Figure 7-3: Boe-Bot Hardware
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Figure 7-4: Assembled Boe-
Bot

Building the Joystick (Base Node)

The Base hardware, shown in Figure 7-5, uses the joystick to control the direction of the Boe-Bot.
The button, when pressed, will cause the Base node to send data to control the Boe-Bot's Ping)))
servo direction. The buzzer uses the returned Ping))) distance to sound a tone. The closer the object,
the higher the pitch of the buzzer will be, providing audible feedback for remote driving. Figure 7-6
shows the completed unit. Figure 7-7 shows the placement of components under the joystick. Note
that the button is hanging off the board; you may use a heavy gauge wire to help hold it in place.

v" Construct the Base and download BoeBot_Control.bs2. Be sure to close the BASIC Stamp

Editor’'s Debug Terminal to free up the COM port for StampPlot.
XBee SIP

P15 [ . Adapter
220 Q L /)Ee-\

P6 UJ/CC ADU/D\ZO?)D
Ves  flor oo
Vdd gﬂﬂg ADS!D:M:
0.01 IJF ORESET RTS/ADBIDI0GO|
e = OlR 25 UDr® olesoned e
4 E + o(Reserve NSLEEPo
2200 Vss OLR LR® i
P5
TkQ
<<
_ S= % z g
Vss 220Q FE YT
P4 -OUD UD®
L ©GND PRALAXZGND®
0.01 pF
H I_ ni Vdd P9
Vss Vss P10
P11
V_ss

Figure 7-5: Base Control Hardware
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Figure 7-6: Base Controller with
Joystick

Figure 7-7: Base
Controller without
JoyStick

On connecting the Base unit to StampPlot, the BASIC Stamp will configure the graphical interface
and send drawing instructions to StampPlot for monitoring the Remote Boe-Bot, as shown in Figure
7-8. When driving normally, the direction of the Boe-Bot will be displayed by the pie-shaped wedge
in the center, along with ared dot to indicate direction and distance value returned from the Ping)))
sensor. When the pushbutton on the BOE breadboard is pressed, the display will not clear, allowing
an area to be mapped.
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Figure 7-8: StampPIlot Interface for Boe-Bot Monitoring

Joystick (Base Node) Code Discussion

Upon connecting with StampPlot the BASIC Stamp will be reset, which restarts the code and allows
initial configuration for StampPlot to be sent to the PC. This starts a new plot, clears any objects,
configures the plot, and uses constant drawing instructions to lay down the persistent background
with concentric circles at 1-foot, 3-foot and 6-foot distances.

PAUSE 500
DEBUG "! NEWP", CR " New pl ot
DEBUG "! POBJ O ear", CR ' dear object
DEBUG "! TI TL Boe-Bot Navigation",CR' Title plot
DEBUG "! PLOT ON', CR ' Enable plotting
DEBUG "! TMAX 120", CR ' set up max tinme (X axis)
DEBUG "! TM N - 120", CR ' Set mintinme
DEBUG "! XLBL I nches", CR ' Label Y Axis
DEBUG " @/PGL", CR " View page 1

' **** Constant Draw ngs ****
DEBUG " @WIH 5", CR ' Draw wi dth
DEBUG " @l RC 50a, 50a, 12, (Green)",CR ' Draw circles - 1 foot
DEBUG " @l RC 50a, 50a, 36, (Green)",CR ' 3 foot
DEBUG " @l RC 50a, 50a, 72, (Green)",CR ' 6 foot
DEBUG " @-REC - 140, -1, -121, 252, (white)", CR ' Cover Y AXis
PAUSE 2000 ' Quard Tinme
SERQUT Tx, Baud, [ " +++" ' Command node sequence
PAUSE 2000 ' Quard Tinme
SERQUT Tx, Baud, ["ATD6 1, CN', CR| ' RTS enable (D6 1)

' Exit Command Mode (CN)
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The directional values of the joystick are read based on the initial center position, the drive values for
right and left servos are calculated, combining the directions, and limited to valuesin the range of 300
to 1200. The first timethe routine is called, the center position of the joystick is saved.

Read_Sti ck:

H GH UD_Pin ' Charge cap

PAUSE 2

RCTIME UD Pin, 1, UD ' Read stick

H GH LR Pin ' Charge Cap

PAUSE 2

RCTIME LR Pin, 1, LR ' Read stick

IF First_Read = 0 THEN " If first read of joystick
Uub C = UD ' store center positions
LR C = LR
First Read = 1 ' mark as centers read

ENDI F
M x Up-down and Left-right to determine drive values, linmt ranges

RDrive = 750 - ((UD- UDCQ * 3)+ (LR- LRC MN 300 MAX 1200
L Drive = 750 + ((UD - UDC * 3)+ (LR- LRC MN 300 MAX 1200
Ping_New = 750 - ((LR - LR_C)*10) M N 300 MAX 1200 ' Cal cul ate position

The drive data is sent to the Remote unit with a start delimiter of “D” (drive). If the button is pressed,
the left-right joystick value is sent with a start delimiter of “P” (pan).

IF PB = 1 THEN " If pressed, send PING position
SERQUT Tx, Baud, ["P", CR, CR, DEC Pi ng_New, CR, CR]
ELSE ' Not pressed, send drive
SERQUT Tx, Baud, ["D',CR, CR DEC R Drive,CR CR DEC L_Drive, CR CR|
ENDI F

After sending data, the BASIC Stamp waits for 10 ms for returned data from the Boe-Bot with
distance in inches, direction angle and the position of the Ping))) servo. A counter is used to attempt
to read data 50 times, ensuring sufficient time and checking to see if the start delimiter is in the
buffer. You may elect to comment out the code to update StampPlot and un-comment out the line
GOSUB Show_Debug to simply show datain the BASIC Stamp Editor’s Debug Terminal.

Counter =0
ReadAgai n:
SERI N Rx\ RTS, Baud, 10, Ti neout, [ Dat al n] ' Get returned data
IF Dataln = "!I" THEN ' I F good start, accept rest
SERI N Rx\ RTS, Baud, 20, Ti neout, [ DEC I nches] ' Get inches
SERI N Rx\ RTS, Baud, 20, Ti neout , [ DEC Angl e] ' CGet Angle
SERI N Rx\ RTS, Baud, 20, Ti neout , [ DEC Pi ng_Pos]' Get Ping Position
FREQQUT Buzzer, 50, (146-1nches) * 35 ' Sound buzzer
GOSUB Updat e_St anpPl ot ' Update StanpPl ot
GOSUB Show_Debug " If no StanmpPlot, update
DEBUG
GOTO ReadDone
ENDI F
Ti meout : " In case not delimter,
Counter = Counter + 1 ' read 50 characters to find
I F Counter < 50 THEN GOTO ReadAgai n " if delimter in buffer
ReadDone:
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In the Updat e_St anpPl ot subroutine, if the button is not pressed, the plot will be reset, clearing the
plot of current data (constant drawings will be kept). The direction of the bot is calculated for
plotting and drawn as a pie shape along with text information. If the button is not pressed, the plot
will not be cleared; this allows distance measurements to accumulate on the plot, effectively mapping
the area while panning the Ping))) sensor.

In either case, button pressed or not, the direction of the bot and the Ping))) position are added
together and asmall arc is drawn at that angle with a distance of the Ping))) datain inches. Once the
image is fully assembled, the unviewed page 0 is copied to page 1 for viewing.

IF PB = 0 THEN " If PB not pressed, clear
DEBUG "! RSET", CR " reset plot
Pl ace text
DEBUG " ~TEXT 40a, 100a, 2a, (Bl ue), Bot Angle: ", DEC Angl e, CR
DEBUG " ~TEXT 40a, 5a, 2a, (Bl ue), Di stance: ", DEC Inches, CR

D Angle = 360 - Angle -90 ' Cal cul ate bot draw ng angle
draw pi e based on angle
DEBUG "~DPI E 50a, 50a, 5a,", SDEC D_Angl e- 10,
",",SDEC D_Angl e+10, ", (Bl ack) ", CR

ENDI F

| F Ping_Pos > 750 THEN " Cal culate angle of bot + ping
D Angle = 360- Angle + 90 + (Ping_Pos - 750 / 5)

ELSE
D Angle = 360- Angle + 90 - (750 - Ping_Pos / 5)

ENDI F

Draw arc for ping point
DEBUG " ~DARC 50a, 50a,", DEC Inches,",",

SDEC D Angle-1,",", SDEC D _Angl e+1,", (Red)", CR
DEBUG " ~CPY0", CR ' copy image to page 1 for view ng
RETURN

Boe-Bot (Remote Node) Code Discussion

On the bot, the code receives drive and Ping)) position data from the Remote node. When data is
received starting with a“D” (for driving) delimiter, the drive values are accepted and used to set the
ServoPal. Code not shown uses the variable Count er to turn off the drive if 50 loops are performed
without receiving new data.

SERI N Rx\ RTS, Baud, 10, Ti neQut, [ Dat al n] " Briefly wait for delimter
IF Dataln = "D' THEN " If I delinmter, get data
DEBUG " Here", CR
SERI N Rx\ RTS, Baud, 10, Ti neQut, [DEC UD] ' Accept Up-Down val ue
SERI N Rx\ RTS, Baud, 10, Ti neQut, [DEC LR] ' Accept Left-Right val ue

" mx UD and LR channels for drives.
" Normal range for UDJLRis 1 to 70. Maybe need to adjust based
' on your val ues.
R Drive = 750 - ((UD- UDC * 2) + (LR- LR C ' Calc right drive
L_ Drive = 750 + ((UD - UD C * 2) + (LR- LR C ' calc Left drive

PULSQUT nlnp, R Drive ' Set ServoPals
PULSQUT nlnp, L_Drive
counter = 0 ' Clear counter for no-data tineout
GOSUB SendDat a ' Send data to control
ENDI F
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If data is sent with a P (button pressed on Base control), the data is accepted for the Ping))) servo
position and the bot is stopped by sending 2000 to the ServoPal. Free to modify the code to be able to
span while driving by commenting out the PULSOUT commands. Keep in mind that once set, the
Ping))) servo will keep its position even while driving.

IF Dataln = "P" THEN " If pdelimter, get data
SERI N Rx\ RTS, Baud, 10, Ti neQut, [ DEC Pi ng_Pos] ' Accept Ping servo val ue
PULSQUT nl np, 2000 ' Stop bot
PULSQUT nl np, 2000
GOSUB SendDat a ' Send data to base

ENDI F

The data of | nches, Angl e and Pi ng_Pos (Ping))) position) position are sent back to the Base
controller.

SendDat a:
GOSUB Get _Sonar ' get sensor val ue
GOSUB Get _Conpass ' Get conpass Angle
Send data to control
SERQUT Tx, Baud, ["!", CR, CR, DEC | nches, CR, CR,

DEC Angl e, CR, CR, DEC Pi ng_Pos, CR, CR]
RETURN

Testing the Code
Let’'stry the project:

v Open StampPlot, select the correct COM port and connect.

Allow time for the XBee modulesto initialize.

Y ou should hear the buzzer sounding and StampPlot updating once ready.
Drive the bot with the joystick.

Use the button to pan the Ping))) sensor left-right.

Try following awall by panning the Ping))) sensor to the side, and then driving while trying
to maintain a set distance from the wall while monitoring StampPlot or listening to the tone.

Note: If your bot moves when the joystick is centered, you may need to adjust the ‘center” position on
the servos by turning the servo’s adjustment screw slightly.

NN NN

Things to Think About

Ready for a chalenge? Consider using the analog and digital inputs of the XBee for direct control.
The joystick can supply two analog values to the XBee, and the button a digital input. The XBee
would transmit the analog and digital data directly to the XBee on the bot. The bot would read the
API analog/digital frame for direct control for drive. Getting data back to the base in APl Mode is a
little problematic, but code could switch the XBee back to AT Mode (AP 0), and send data directly
back for plotting by StampPlot or use in a terminal window. Once sent, the bot's XBee could be
flipped back into APl Mode (AP 1) to receive more analog/digital data.

Another neat idea would be to have the remote bot read diders on StampPlot which would be
configured for 0-360 degrees and servo speed. The bot would read these values via the wireless link.
The bot would then use the speed dslider value for drive speed and would adjust position to match the
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bearing defined by the StampPlot slider. As you update diders on the StampPlot interface, the bot
would read them and respond accordingly to drive at the speed and direction defined by the interface
dliders.

Propeller Project: A Three-Node Tilt—-Controlled Robot with Graphical Display

A 3-node network for controlling and monitoring a robot will be explored for the last project in this
chapter. The system as shown in Figure 7-9 has:

e A Propeller Demo Board network node (address 0) with an accel erometer to measure angle of
inclination on two axes for the tilt controller

e A robot on the network (address 1) using a Propeller Proto Board on a Boe-Bot robot chassis
with HM55B compass, Ping))) range finder on a servo bracket, and LEDs

e A Propeller Demo Board on the network (address 2) driving a TV for video display of the
graphical display

Programming and Customizing the Multicore Propeller Microcontroller: The Official Guide

The Propeller project in this chapter is an excerpt from the book named above, in “Chapter 5: Wirelessly
Networking Propeller Chips” by Martin Hebel. Many thanks to McGraw-Hill for generously allowing the reprint
of this material. The complete example code for this section can be found in the Chapter_05 subdirectory of:

ftp://ftp.propeller-chip.com/PCMProp.

This Official Guide is available for purchase from Parallax.com, Amazon.com, and other book retailers.
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Figure 7-9: 3-Node Bot Network Diagram

Figure 7-10 shows the wiring connection diagram for each of the nodes. Note that in switching to the
Proto Board we will change the 1/0 pins used for the XBee.
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Figure 7-10: Hardware Wiring Diagram for Bot System
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Figure 7-10: Hardware Wiring Diagram for Bot System (continued)

Hardware construction tips for bot:

v

If you are not familiar with the Boe-Bot robot, you may want to look through Rabotics with
the Boe-Bot by Andy Lindsay, available for download at www.parallax.com/education, to
familiarize yourself with the basic hardware and servo operation.

For the bot, two 4-AA packs were used with the spare tied under the normal battery pack. The
second battery pack is used only for servo power. Attempts at using a single supply caused
voltage and current spikes affecting the Propeller chip's operation. The connector of the
battery pack was cut off and soldered to the servo header power and Vss (See Figure). Other
sources may be used, but supply voltage should not exceed 7.5 V or the servos can be
damaged. Use coated wire to strap the batteries under the bot.

Figure 7-11: Supplying Separate Power for Bot’s Servo Drive
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v" Ensure the MH55B compass is mounted facing forward and that it is away from large current

loads such as batteries and servos. The magnetic fields will cause problems with proper
compass bearing.

The Ping))) sensor is mounted using the Ping))) Mounting Bracket Kit. Manually rotate the
servo to find the center prior to mounting the bracket. Mount the cable header so that servo
rotation does not hit it(the servo turns further manually than with the code—about 45 degrees
each way.

v" A battery supply was used on the tilt controller as well for unfettered operation.

Overview of System Operation
Tilt Controller: Thisisused to read the Memsic 2125 Accelerometer Module, calculate right and | eft

motor drives based on inclination, and then send drive values to the bot. The tilt controller, shown in
Figure 7-12, also receives data for the bot and uses the PING))) range measurements to light the eight
Demo Board LEDs, showing distances of 100 mm for local range indication. Pressing the pushbutton
will send a panning map instruction to the bot to map the area in front of it for display by the TV
graphics node. Thisnode hasaMY address of 0 and a DL address of 1 (the bot).

Bot: This controls all functions of the networked bot shone in figure, including:

Accepting drive values for motor drive. Should no data be received for 1.5 s, the bot will stop
and blink thered LED.

Accepting panning map instruction (p) to perform mapping operation. When this instruction
is received, the bot will stop and pan the PING))) sensor from right to left, measuring
distances and sending map data (m) to the TV graphics node and the tilt controller. When
mapping is complete, the bot will remain steady and blink the green LED until the tilt
controller releases it from mapping mode (user presses button again). The bot will send a
clear (c) code to the video to clear the display when map mode exits.

While driving, the bot will transmit updates (u) of right and left drive values, PING))) range,
and direction of travel from the HM55B compass (0-8191).

This node has a MY address of 1 and sends data to $FFFF—all nodes on the network for a
broadcast.

Figure 7-12: Tilt-controller Board with Memsic 2125 Accelerometer
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Figure 7-13: Networked Bot with Range Finder, Compass, and XBee

Figure 7-14: Bot TV Graphics Controller
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Bot Graphics: shown in Figure 7-14, drives the graphics TV display showing:
e The bot bearing as arotating triangle and text
o Distanceto object asared point in front of the bot and text
o Yellow range marker circlesat 0.25m, 0.5m,and 1 m
e Left and right drives as bar indicators
e Signal strength for RSSI (dBm) as bar and text

Figure 7-15: TV Displays for Normal and Panning Map Data

The update packets contain information for much of the display, and the RSS! is pulled from the
received frame through APl Mode. When the bot is in mapping mode, mapping packets contain data
to plot the range map. It also accepts clear codes from the bot to clear the mapped display. The node
hasa MY address of 2 and sends out no data. The output display of the graphics controller is shown
in Figure 7-15 in both normal driving and with the bot performing a panning map operation.

Note: The Ping))) range finder has a wide angle of emission and reception . Do not expect pinpoint accuracy
when mapping.

Bot Network Code

Bot Tilt Controller

For the tilt controller, in the SendControl method, if the button is pressed, a series of p's is
transmitted. With the amount of data flying, some missed bytes on reception are normal, and this
helps ensure the bot gets a p-instruction for a panning map operation. If not pressed, the
accelerometer isread for the X- and Y-axis (-90 to 90 degrees, 0 level) and the drive for each servo is
calculated by mixing the two axes of tilt for a final servo value of 1000 to 2000 (the range of servo
control) for each. The datais sent asa“d” packet for drive.

Forward := (accel.x*90-offset) /scale * -1

" Read and calculate -90 to 90 degree for turn
Turn := (accel.y*90-offset) /scale

" scale and mix channels for drive, 1500 = stopped
Left_ Dr := 1500 + Forward * 3 + Turn * 3
Right_Dr := 1500 - Forward * 3 + Turn * 3
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In the AcceptData method (which is running in a separate cog), incoming packets are analyzed if
update data (u) or map data (m) and the local LEDs are updated. Based on the range, eight 1s are
shifted to the left eight positions, then shifted right again based on the range/100. This alows one
LED to light for every 100 mm or 0.1 m, out to 800 mm or 0.8 m.

outa[16..23] := %11111111 << 8 >> (8 - range/100)

Bot Code

For the bot controller, in Start, received bytes are analyzed with atimeout. If any datais not received
for 1500 ms, the red LED will begin to blink. Received data is analyzed for either “d” for drive data
or “p” to begin a mapping scan.

case Dataln " test accepted data
"d " if drive data
Right_dr = XB.RxDEC " get right and left drive
Left_dr = XB.RxDEC

SERVO.Set (Right, Right_dr) ' drive servos based on data
SERVO.Set(Left, Left Dr)

"o " p = pan and map command
mapping = true " set flag for mapping
outalgrnLED]~~ " turn on green LED
Map " go map

The SendUpdate method is run in a separate cog to continually send out the status of the range,
direction, and drive values led by “u.” The value of theta is subtracted from 8191 to alow the
direction of rotation to be correct in the graphics display. If a panning map isin progress, updates are
suspended due to mapping being true.

Repeat

if mapping == false " if not mapping
XB.Delay (250)
Range := Ping.Millimeters (PING_Pin) ' read range

theta := HM55B. theta " Read Compass
XB.TX("u"™) " send "update’ command
XB.DEC (Range) " Send range as decimal string
XB.CR

XB.DEC (8191-theta) " Send theta of bearing (0-8191)
XB.CR

xb.DEC (Right_Dr) " send right drive

XB.CR

XB.DEC(Left_Dr) " send left drive

XB.CR

When mapping, the value of pan is looped from 1000 to 2000, the range of allowable servo values.
The range is measured, and the Pan0ffset is calculated. The value of the “ pan” has 1500 subtracted
(recall that 1500 is a centered servo). The result is multiplied by 2047 (90 degrees, with 8191 being a
full 360 degrees) and divided by the full range of pan. Finally, an “m” is sent followed by range and
angle of the servo plus the pan offset. This repeats for each value of pan, from 1000 to 2000, in
increments of 15 steps or 1.35 degrees (15 ¢ 90 degrees/ 1000 steps = 1.35 degrees). Once mapping is
complete, the system will wait until another “p” is received to exit pan mapping mode while sending
a“c” to clear the video display. The variable “mapping” is used as a flag to prevent the SendUpdates
code running in a separate cog from sending updates while mapping.

Pub Map | panValue
turns servo from -45 to + 45 degrees from center in increments
" gets ping range and returns m value at each
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SERVO.Set (Right, 1500) " stop servos
SERVO.Set (Left, 1500)

SERVO. Set (Pan, 1000) " pan full right
XB.Delay (1000)
" pan right to left
repeat pan from 1000 to 2000 step 15
SERVO.Set (Pan, panValue)

Range := Ping.Millimeters (PING_Pin) " get range calculate

" based on compass

" and pan
PanOffset := ((panValue-1500) * 2047/1000)
XB.TX("m"") " send map data command
XB.DEC (Range) " Send range as decimal
XB.CR
XB.DEC ((8191-Theta) + PanOffset) " Send theta of bearing
XB.CR

XB. delay (50)
XB.delay (1000)

SERVO. SET (Pan, 1500) " re-center pan servo
Try it!

V Add another device, such as speaker, to your bot. Add a button on the tilt controller and modify code to
control the device from the tilt controller.

Bot Graphics

The bot graphics code is responsible for accepting the data and displaying it graphicaly on a TV
screen. Note that this XBee isin APl Mode so that the RSSI level may be pulled out of the received
frame. The code looks for one of three incoming byte instructions: “u,” “m,” and “c.” Updates, “u,”
are messages with update data as the data moves, with range, bearing, and drive values (limited
between 1000 and 2000), and it retrieves RSSI level for display creation.

Repeat
XB.API_rx " Accept data
If XB.RxIdent == s$81 " If msg packet...
if byte[XB.RxData] == "u" " If updates, pull out data
" get DEC data skipping 1st byte (u)

range = XB.ParseDEC (XB.RxData+1,1)
bearing := XB.ParseDEC (XB.RxData+1,?2)
rDrive = XB.ParseDEC (XB.RxData+1,3) <#2000 #>1000
1Drive = XB.ParseDEC (XB.RxData+1,4) <#2000 #>1000
RSSI = XB.RxRSSI
Update

Mapping (m) strings are used to map what the bot “sees’ without clearing off old data while a
mapping pan is in progress. Clear, “c,” is received once the bot switches back into drive mode after

mapping.

We aren’t going to delve too deeply into the graphics creation here, asit’s not amajor subject for this
chapter. One point of interest isin that many graphic programs the video data is written into one part
of memory (such as bitmap_base), and when the complete display change is ready, it is copied into
the section of memory that the graphics driver uses to display the actual display. It is effectively
double-buffered to prevent flicker on the screen. We do not have the luxury of the memory needed for
that operation. Instead, to reduce flicker, values of the old data are saved. When updating, the
graphics are redrawn in the background color to “erase” them, then the new data is used to draw the
graphicsin the correct color, such asin this code:
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" Draw bot vector image

gr.width (2)

gr.color (0) " white

gr.vec (120,120, 100, (bearing_l), @bot) " erase last image
gr.color (1) " black

gr.vec (120,120, 100, (bearing), @bot) " Draw new image

Many features of graphics.spin are used, including text, lines, arcs, and vector-based graphics. The
codeisfairly well commented for adaptation.

Try it!
V Add another sensor to your bot. Modify both the bot and graphics code to send and display the value.
Conclusion

In this chapter, and throughout the tutorial, we explored interfacing with the XBee modules. From
Base control to multiple controllers communicating, the use of the XBee with the BASIC Stamp and
Propeller chip open many doors in the area of monitoring and control. We provided information and
examples; therest is up to you and your needs!
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8: XBee ZB Module Quick Start

by Daniel Harris

Digi International’s XBee ZB modules (series 2) offer a significant set of features that enable point-
to-point or point-to-multi-point communications in your project. If you have not previously used
XBee modules and are simply looking for basic wireless communication, then | would recommend
sticking with the regular XBee 802.15.4 (Series 1) modules—XBee ZB modules require much more
initial configuration before they can be used for communication.

Mesh Network Topology

For those who are looking to take advantage of the mesh network topology that an XBee ZB network
provides, these quick start instructions will get you started. Figure 8-1 is an example of apossible ZB

Personal Area Network map.
/

€)
© coordinator \ 7 — G/
N
€

Figure 8-1: XBee ZB Personal Area Network Map Example

In the example above, End-point 1 can communicate directly with End-point 4 by communicating
through other Routers and the Coordinator. This communication is made possible by the mesh
network infrastructure that an XBee Series 2 network provides. These instructions, outline how to set
up point-to-point communication between two Series 2 modules in the simplest possible network
configuration, a Coordinator and a single Router.

XBee Series 2 Initial Configuration Instructions

Hardware Required

(2) XBee ZB Modules
(2) Parallax XBee USB Adapters
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Hardware and Connections
v" Download and install Digi's X-CTU software so that you can configure the XBee ZB
module: http://www.digi.com/support/kbase/kbaseresultdetl .jsp?kb=125

v Connect your XBee ZB module to the computer, using an XBee USB Adapter board
(Parallax stock #32400).

v" Once your XBee is connected to the computer, start the X-CTU software. You should see
available COM ports enumerated in the “Com Port Setup” pane. Select the COM port your
XBee is connected to and click the Test/Query button at the right to test communications
between the computer and XBee ZB module.

v If thetest fails, try another COM port. If all portsfail, check your connections.

Figure 8-2: X-CTU PC Settings Options

Configuring an XBee ZB module as the Coordinator—Part 1 of 2

Y ou are going to need to configure BOTH XBee ZB modules separately. One module is going to be
configured as a “Coordinator” and the other as a “Router”. We will start by configuring the
Coordinator.

v" Once your computer is able to tak to the XBee Series 2 module, click the Modem

Configuration tab.
v" Press the Read button to read the modules current configuration.

The X-CTU software should display a great deal of configuration information about the XBee ZB
module. Your screen will look something like the image in Figure 8-3. Some important
configuration options are denoted with ared arrow.
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v

< |

Figure 8-3: X-CTU Modem Configuration Read Pane

It is desirable to set a specific Personal Area Network (PAN) ID number to differentiate your
XBee network from others. You can find this option under the Networking section of the
configuration pane. Chose a PAN ID number for your network and enter it into the PAN ID
field. Make sure that you write this PAN ID number down—Iater we will need to set the
Router with this number so that it joins our Coordinator’s network. | set my Coordinator’s
PAN ID arbitrarily to “3.”

Under the Addressing option, write down the values for Serial Number High and Serial
Number Low—we will need them later when configuring the Router. The value that these
options are set to is located within the parentheses preceding the option name. For example,
my module’'s Serial Number Low (in the picture above) is 404951FB. An XBee module’'s
serial number isNOT user configurable.
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v" It is recommended, but not required, that you set the Node Identifier option. The Node
Identifier is a user configurable text name that a user can set to easily identify amodule. To
keep things simple, | named my coordinator XBee module “COORDINATOR”.

v Now we will write these changes to the module. Check the Always update firmware check
box and click the Write button. Checking that box ensures that the X-CTU utility will write

the new firmware to the XBee.

Figure 8-4: X-CTU Modem Configuration Read Pane

v" Once the write process has successfully completed, click the Read button to get the module’s
current settings. Double check that everything was written correctly. Look at the PAN ID
and Node Identifier and verify them with the information you recorded.

v"If everything checks out, then remove the newly programmed Coordinator from the XBee
Adapter Board and set the XBee ZB module aside—we will need to write some additional
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information to it a bit later. Make sure that you properly disconnect power to the module
before you remove it from the adapter.

Configuring an XBee ZB module as the Router

v" Insert the second XBee ZB module into the adapter board for configuration. Power your
XBee on (plug in the USB and/or apply power).

v"Using the X-CTU utility, click on the Read button to read the modul€'s current configuration.
Some important configuration options are denoted with ared arrow.

Figure 8-5: X-CTU Modem Configuration Read Pane

v" Set the Function Set option to ZIGBEE ROUTER AT. XBee ZB modules purchased from
Parallax are distributed with the ZIGBEE ROUTER AT firmware pre-installed by default so

setting this may not be necessary.
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v' Set the PAN ID of this Router module to match the value that you entered into the

Coordinator.

v" Write down both the Serial Number High and Serial Number Low values. These values are

represented as hex numbers within the parentheses preceding the option name. Y ou might
make a note indicating that the address is for the Router. Later, we will need these values in
order to program the Coordinator to only talk with this Router.

Change both the Router’s Destination High and Low Address values to the Coordinator’s
High and Low addresses respectively. The Coordinator's Serial Number High should be
entered into the Router’s Destination Address High setting. Next, the Coordinator’s Serial
Number Low should be entered into the Router’s Destination Address Low setting. This
ensures that the Router only talks to the Coordinator.

< |

Figure 8-6: X-CTU Modem Configuration Read Pane

v" It is recommended that you give the Router a text name so that you can easily identify the
node. Do this by changing the Node Identifier field. In my example, | nhamed my Router
“ROUTER?”".

v" Check the Always update firmware check box to force X-CTU to update the XBee modul€'s
firmware.
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v
v

Click the Write button on the X-CTU utility to write our changes to the module.

Once the write process has successfully completed, click the “Read” button to verify the
programmed settings. Double check that the PAN 1D, Node Identifier, and Destination High
and Destination Low addresses al have been written. Verify that the Router’s Destination
High and Destination Low addresses match the Serial Number High and Low values of the
Coordinator.

Disconnect power to and remove the newly programmed Router from the XBee Adapter
Board and set the XBee ZB module aside—we will need to write some additional information
to Coordinator.

Configuring an XBee ZB module as the Coordinator—Part 2 of 2

v

v
v

Insert the Coordinator into the adapter board for configuration. Power your XBee on (plug in
the USB and/or apply power).

Click the Read button to get the configuration of the Coordinator.

Set the Coordinator’ s Destination Address High and Destination Address Low to the recorded
values for the Router's Serial Number High and Serial Number Low respectively. This
ensures that the Coordinator only talks with the Router.

Figure 8-7: Update Coordinator’s Destination Addresses with Router’s Serial Numbers
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v" Click the Write button on the X-CTU tool to write the changes to the Coordinator.

v" Finally, click the Read button again and verify that your settings have been properly written.
Double check that the PAN ID, Node Identifier, and Destination High and Destination Low
addresses all are correct. Verify that the Coordinator’s Destination High and Destination
Low addresses match the Serial Number High and Low values of the Router.

Figure 8-8: Update Coordinator’s Destination Addresses with Router’s Serial Numbers

That'sit! You are done configuring your XBee ZB modules. By this point, you should have done
the following:

e Configured an XBee ZB module as a Coordinator

e Configured an XBee ZB module as a Router

e Configured the Coordinator to only send data to the Router
e Configured the Router to only send data to the Coordinator
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Testing Your XBee ZB Network

To test your new XBee ZB wireless network follow these instructions:

v" Using the second USB XBee Adapter board, insert both XBee modules, plug in both USB
cables, and open up two instances of the X-CTU utility software.

v In one X-CTU window, select one COM port for one module and in the other X-CTU
window, select the COM port for the other module. To verify your connection, click
Test/Query in both windows to test communication with both modules.

Figure 8-9: Update Coordinator’s Destination Addresses with Router’s Serial Numbers

v Once you have communication with both XBee ZB modules, click on the Terminal tab in
both X-CTU windows as shown in Figure 8-10.

v"If you have oriented your X-CTU windows side-by-side like | have, type in the blank spacein
the left window. Y ou should see your text in blue on the left, indicating that it was sent to the
COM port for transmission. On the right, you should see your text echoed in red, indicating
that it was received by the XBee and sent back to the computer.
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Figure 8-10: Entering and Viewing Text in Terminal Tabs

If your test was successful, then congratulations! You have completely configured your XBee
modules! They are ready for use in whatever project you have that requires wireless serial
communication. Remember, these two modules are configured to communicate only with each other.
If you expand your network, you will need to configure your modules differently to allow for addition
communication within the network. | would highly recommend reading the datasheet for Digi
International’s XBee ZB module. Have fun making things wireless!
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Revision History

Version 1.0.1

Global: Series 1 references changed to 802.15.4; Series 2 references changed to ZB.
Page 31 corrected text of Fixed text of Figure 3-8.

Page 34 replaced Figure 3-9.

Page 109: replaced image Figure 6-5.

Page 134: Deleted last paragraph under figure..

Page 161: deleted information box..
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Appendix D-2: Drawings and Circuit Diagrams
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Figure 12-1: Solatrium Preliminary One-Line Diagram




Remark: NEC 220,12, every dwelling unit should hawe 3 minimum load of 33

Remark: NEC 220.14 (I). receptacle outlets shall be calculated at no

Demand Factors for General Lighting and Small

Aren [square meter)

Light Current (4}

Light (Total)

132 7300

A050.0900

Apptonces | 1026 A
Dishwasher 1300
Washer/Dryer 1420
Coockiop 600
Fricge 470
Microwave 2400
Kitchen Vent 300
Total 15510

Remark: 1 small appliance circuit (Juice blender and coffes
machine) are intended to be used in the kitchen. The NEC 220.52 (4]
states that the load shall be calculated at 1500 VA for each 2-wire
small-appliance branch circuit.

Volt-Amperes per square mater ‘esz than 180 valt-amperes for each single or for each multiple Appliances
Light [Ciruit 1] receptacie on one yoke.
[ Loads [VA
Rooms Ares [zquars meter) Light Current [VA) Outlets RE e il
Rooms Number of Receptaches | Current (A] Lighting 4050.0000
Living Room 154300 603.1900 Pr——— 20000 Small Appliances 15510.0000
Dining Room 202500 668.2500 0000 Total 19560.0000
Entrance 166 5500 5510.3400
Total B.0000 |12 0000
Garzze 13.4500 4438500
Totl 57.1900 1687.2700 Femark: NEC 220-11 states that the first 3000 VA
Outlets RM shall be rated at 100% and that the remaining
Light | Circuit 2} Rooms Number of Receptaches | Current (A] load (16560 WA in this case] may be rated at 35%.
i Master
Rooms Ares [squars meter) Light Current [VA) £.0000
Bedroom Items= Loads [VA)
- Dining Room 1.0000 First 3000 VA at 100% 3000.0000
Kitehan 95300 3243000 Total 5.0000|7 5000 Femaining 16360 VA 5796.0000
Atrium 240100 792.3300 =t 35% -
Total 33.6400 1116.7200 Total E756.0000
Outlets RW
Light | Circuit 3) Rooms Number of Receptacles | Current Large Appliances
Bathroom 3.0000 GE Heater: 4500 VA
Rooms Aren [square meter) Light Current (&) Techmiel
= 1.0000
Room
Bathroom 5.0600 166.9500 Kitchen 50000 Total Lead [VA) 13296.0000
Becroom 11.3600 374.6800 Ertrance 1.0000
Clazet 97400 3214200 [o— Looo0 Current () 110.8000
Technical Room 5.5400 152.6200 Total 11,0000 23 0000
Tatal 31.7000 10461000

Electrical
calculations

E-610

Authorship: Ali Magzari

Figure 12-2: Preliminary Load calculation according to NEC 2008
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Comment Description Designator Footprint LibRef Quantity
PoE Ag9000 PoE PoE 1
Capacior
(Semiconductor SIM
10 uF Model) Cc1 C1206 Cap Semi 1
Capacior
(Semiconductor SIM C2,C3,C4,C5,C7, C8,
Cap Semi Model) CPoE C1206 Cap Semi 7
LED3 Typical BLUE SICLED |DRX, DTX 3.5X2.8X1.9 LED3 2
ARDUINO_ANALOG _IN |6-pin socket J21 HDR1X6 ARDUINO_ANALOG _IN 1
ARDUINO_DIGITAL_HI ARDUINO_DIGITAL_HI
GH_BYTE 8-pin socket J22 HDR1X8 GH_BYTE 1
ARDUINO_DIGITAL_LO ARDUINO_DIGITAL_LO
W_BYTE 8-pin socket J23 HDR1X8 W_BYTE 1
ARDUINO_SHIELD_PO ARDUINO_SHIELD_PO
WER 6-pin socket J24 HDR1X6 WER 1
Inductor Inductor L1, L2 INDP3023X23N Inductor 2
Header, Z-Pn, DUal Tow,
Header 2X2H Right Angle Pch HDR2X2H Header 2X2H 1
Header 7 Header, 7-Pin PE1, PE2 HDR1X7 Header 7 2
MHDR2X2 Header, 2-Pin, Dual row |Ptest MHDR2X2 MHDR2X2 1
Res3 Resistor R1 RESC2012L Res3 1
RZ, R3, RZ, RY, Ro, R7,
Res3 Resistor R8, R9, R10, Rset 127-2010 Res3 10
Resl Resistor RB AXIAL-0.3 Resl 1
Smgle-Pole, smngle-1nrow
SW-SPST Switch SP SPST-2 SW-SPST 1
XBee TS1 XBee XBee 1
MCP16323 Ul MCP16323 MCP16323 1
VOLT REG Voltage regulator U2 DPAK-3 VOLT REG 1
TPS63002 U3 TPS63002CDR TPS63002 1
LiPo charger MCP73833 u7 LiPo charger MCP73833 1
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