
7. Appendix A: Results 

 

Figure 7-1: Arduino AnalogRead() test results 



 

Figure 7-2: MX7705 rev 0 - Maximum reading 

 

 



 

Figure 7-3: Data not ready issues 

 

Figure 7-4: SPI Readregister() test 

  



 

Figure 7-5: connect2Server test 

 

Figure 7-6: ADC configuration test 

 



 

Figure 7-7: SetArrayData without ASCII2Int 
 

Figure 7-8: SetArrayData with ASCII2Int 

  



 

Figure 7-9: Preparing excel sheet for 1 panel 

 

Figure 7-10:  Preparing excel sheet for 5 panels 

 

 



 

Figure 7-11: 2V single measurement 

 

Figure 7-12: 2V single measurement soft polling 

 

 



 

Figure 7-13: Multiple Measurement test 

 

Figure 7-14: 0.01V measurement test 

  



 

Figure 7-15: 1.135V measurement test 

 

Figure 7-16: 0V measurement test 

  



 

Figure 7-17: Open input PuTTY onboard parse test #3 
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 See additional file for previous test 



 

Figure 7-18: Parsed 31.02V test 

  



 

Figure 7-19: Simulated Server's OasisConnect function 

  



 

Figure 7-20: Oasis Connection test rev 0 



 

Figure 7-21: Simulated Server initialization 

 



8. Appendix B: PV System Design options 
 

Table 8-1: List of potential Solar panels 

 
 
 
 
 
 
 
 



Table 8-2: Dishwasher options 

Brand Item # Price 
Power 

(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 

Brand Item # Price 
Power 

(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 8-4: Refrigerator options 

Brand Item # Price 
Power 

(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 

Brand Item # Price 
Power 

(kWh/day) 

Frigidaire FGIC3067MB $1,449.00 6.12 

GE PHP900DMBB $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 

Brand Item # Price 
Power 

(kWh/day) 

LG WM3987HW $1,349.00 1.152 

Ariston $1,249.00 1.44 

Hair $849.00 1.44 

 

 

 



Table 8-7: TV options 

Brand Item # Price 
Power 

(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 KICU500XSS $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

1. Cloth washer & Dryer 1
all-in-one washer (front loader) and dryer 

(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

Water Heater 1
Centralized water Heater (tankless, instant, 1.5 gpm 

77 F rise) Bosch Tropic WH19 $480.00 80
HVAC 1

TOTAL $9,569.00 8.84 112.77



(calculated)
ELECTRICAL QTY Units power Total power Total Hours per day Wh/per day Total Energy kWh/Day

#REF! 9745 W 18.7
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

#REF! FALSE 1.1
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 33.22 W 66 W 2.89 191.9377778 0.2
GE bedroom 2 4 5.00 W 20 W 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 19 W 2.89 54.88888889 0.1
GE utility room 1 26.00 W 26 W 2.89 75.11111111 0.1

#REF! 1611 W 2.2
GE GDWF100VBB 16 place settings dishwasher 1 1092 W 1092 W 1.08 1183 1.2

GE GTH17JBDBB refrigerator 1 519 W 519 W 1.95 1013.69863 1.0
#REF! 8700 W 8.9

GE PHP900DMBB cook top 1 7700 W 7700 W 1.111111111 8555.555556 8.6
GE PVM1790DRBB microwave 1 1000 W 1000 W 0.37 370 0.4

GE oven 1 1000 W 1000 W 0 0 0.0
#REF! 2995 W 3.8

GE TV 1 67 W 67 W 0.222222222 14.97555556 0.3
GE GFWN1100DWW clothswasher 1 1440 W 1440 W 1.222222222 1760 1.2

DSKP333ECWW 1.5 hours dryer 1 1200 W 1200 W 1.888888889 2266.666667 2.3
#REF! PC 1 288 W 288 W 2.166666667 624 0.1

TOTAL 23051 W 34.6

kWp kWh/kWp Invertor PF losses Energy needed kWh
9.70 5.26 0.95 40% 34.638 <== Max power used

PV Modules kWp/module 0.225 min kWh
modules 43 48.49297727 <== Min power needed

Sanyo HIT 225 3.794918264 1.6 m²/module 6.071869222 kVAp
Wp/m² 37 9.219197199
$/Wp 3.0 kWp

cost PV system -$29,113 9.704418104



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 W

max power
1 (calculated)

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

Thermal 585 W 10.52
#REF! HVAC 3 145 W 23.28 10126.53 10.13

Secusol hot water 1 440 W 440 W 0.89 391.11 0.39
Lights 366 W 1.05

ceiling mounted OLED decorative fixture diningroom 3 7.30 W 22 W 2.89 63.27 0.06
torchere livingroom 2 15.00 W 30 W 2.89 86.67 0.09

closet rod - LED bedroom 1 2 33.22 W 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 14 W 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 19 W 2.89 54.89 0.05

surface mounted LED utility room 1 26.00 W 26 W 2.89 75.11 0.08
Apliances 684 W 1.28

Asko D5898XXLFI dishwasher 1 214.286 W 214 W 1.67 357.14 0.36
Sunfrost RF12 refrigerator 1 470 W 470 W 1.95 918.53 0.92

Cooking 8400 W 8.59
Kitchen Aid KICU500XSS cook top 1 7400 W 7400 W 1.11 8222.22 8.22

Maytag MMV6180WB microwave 1 1000 W 1000 W 0.37 370.00 0.37
convection setting included in microwave oven 1 1000 W 1000 W 0 0.00 0

Entertainment 3235 W 5.12
Samsung SMART 6000 TV 1 67 W 67 W 0.22 14.98 0.01

 LG WM3987HW clothswasher 1 1440 W 1440 W 1.22 1760.00 1.76
0 dryer 1 1440 W 1440 W 1.89 2720.00 2.72

Dell Precision M6600 PC 1 288 W 288 W 2.17 624.00 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 <== Max aveg. power used

PV Modules kWp/module 0.435 min kVAh
modules 17 system installed 7.395 37.17633678 <== Min power needed

Sunpower E20 9.250342956 m²/module 2.162082 kVA
Wp/m² 201 7.067744634
$/Wp 3.0

cost PV system $22,319



(calculated)
kWh per year ELECTRICAL QTY Units power Total power Total Hours per day Wh/per day Total Energy kWh/Day

Thermal 417 W 5.0
HVAC 4 52 W 208 W 23.28 4841.777778 4.8

1830 GE GEH50DEEDSR hot water 1 209 W 209 W 0.89 185.6925419 0.2
Lights 366 W 1.1

ceiling mounted OLED decorative fixture diningroom 3 7.30 W 22 W 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 33.22 W 66 W 2.89 191.9377778 0.2
wall mounted bed reading light bedroom 2 4 5.00 W 20 W 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 19 W 2.89 54.88888889 0.1

surface mounted LED utility room 1 26.00 W 26 W 2.89 75.11111111 0.1
Apliances 2892 W 2.8

GE GDWT280V05SS 14 place settings dishwasher 1 1092 W 1092 W 1.67 1820 1.8
GE CFCPINIZ refrigerator 1 1800 W 1800 W 1.95 1013.69863 1.0

Cooking 9260 W 9.1
GE PHP900DMBB cook top 1 7700 W 7700 W 1.11 8555.555556 8.6
GE CEB1590SSSS microwave 1 1560 W 1560 W 0.37 577.2 0.6

oven 1 2800 W 2800 W 0 0 0.0
Entertainment 5917 W 12.1

TV 1 250 W 250 W 0.22 55.55555556 0.3
122 GE WCVH4800 clothswasher 1 14 W 14 W 1.22 17.02181634 1.2

DCCH480EK0WW dryer 1 5600 W 5600 W 1.89 10577.77778 10.6
PC 1 53 W 53 W 2.17 114.8333333 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 <== Max power used

PV Modules kWp/module 0.29 min kWh
modules 28 sytem installed 8.12 42.22506027 <== Min power needed

tp672p-290 efficiency 17.7 m²/module 0.001771197 kVAp
Wp/m² 164 8.027577998
$/Wp 3.0

cost PV system $24,584



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/m²/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 Annual Estimate

Thermal 585.01 W 3640.00 Wh 5096.45 Wh 5200.90 Wh 5200.90 Wh 5305.36 Wh 5200.90 Wh 5200.90 Wh 5200.90 Wh 5200.90 Wh 45247.23 Wh 45.25 kWh <-Mech Loads 1836.28 kWh
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 1768.46 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 67.82 kWh
Lights 365.62 W 1096.86 Wh 1096.86 Wh 1096.86 Wh 1096.86 Wh 1068.86 Wh 1082.86 Wh 717.24 Wh 1096.86 Wh 1096.86 Wh 9450.12 Wh 9.45 kWh 383.52 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 23.11 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 31.66 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 70.11 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 21.10 kWh

F+P Wall LED entrance 14.00 W 3.00 hr 3 hr 3 hr 3 hr 1 hr 2 hr 1 hr 3 hr 3 hr 22.0 hr 0.31 kWh 12.50 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 45.03 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 132.53 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 20.05 kWh

surface mounted LED utility room 26.00 W 3.00 hr 3 hr 3 hr 3 hr 3 hr 3 hr 2 hr 3 hr 3 hr 26.0 hr 0.68 kWh 27.43 kWh
Apliances 684.29 W 12600.00 Wh 5658.49 Wh 2382.49 Wh 5658.49 Wh 2382.49 Wh 5658.49 Wh 2382.49 Wh 5658.49 Wh 5658.49 Wh 48039.95 Wh 48.04 kWh 1949.62 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 0.00 hr 3.00 hr 3.00 hr 15.0 hr 16.38 kWh 664.76 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 1284.87 kWh

Cooking 8400.00 W 0.00 Wh 15400.00 Wh 0.00 Wh 15400.00 Wh 0.00 Wh 0.00 Wh 30800.00 Wh 0.00 Wh 15400.00 Wh 77000.00 Wh 77.00 kWh 3124.92 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 3124.92 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 0.00 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 0.00 kWh
Entertainment 3235.39 W 927.50 Wh 14006.96 Wh 0.00 Wh 14006.96 Wh 606.00 Wh 16813.93 Wh 0.00 Wh 33683.56 Wh 16841.78 Wh 96886.70 Wh 1129.35 kWh 45832.92 kWh

0 TV 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 20.29 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 6.22 kWh

DCCH480EK0WW 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 3863.53 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 41942.88 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 Loads 11226.32 kWh

Virtual daylie meter: 15.25 -7.75 Wh 24.83 -7.86 Wh 24.14 4.75 -5.60 Wh -12.13 Wh -10.70 Wh

Virtual Net meter: 15.25 7.50 32.33 24.47 48.62 53.37 47.77 35.64 24.93 24.93

Max power used: 45.64 kWh



Best Load time percent on time on 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 percent on time on 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 percent on time on 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 percent on time on Watts Wh
cooktop 4 100.00% 4.000 7700 W 30.80 kWh
fridge 24 - - 539.11 kWh/y 1.30 kWh
Total 32.10 kWh



10. Appendix C-2: Oasis Code 

DMM code 
#include <SPI.h> 
#include <avr/wdt.h> 
 
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 
int ready = 0;    //ADC's setting state 
int ite = 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 
int redO   = 7;   // Red LED,   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 
int y = 255; 
int n = 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; 
/*********************************************************************************/ 
/*********************************************************************************/ 
/*****************************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.println(PORTL); 
} 
/*          connect2Server      */ 
int connect2Server(){    //establish connection 
  int attempt = 0; 
  boolean linked = 0; 
  char in = 0x00; 
  while (!linked){ 
    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.println('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("---------------------------------------------"); 
  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("---------------------------------------------"); 
  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 
  } 
  //} 
  return (ADCState); 
} 
/*        write to the ADC's register          */ 
void writeRegister(byte address, byte Value){ 
  digitalWrite(cs, LOW);   
  SPI.transfer(address); //Send address code via MOSI to set register location 
  digitalWrite(cs, HIGH); 
  digitalWrite(cs, LOW); 
  SPI.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); 
  SPI.transfer(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 = SPI.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 = SPI.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 = SPI.transfer(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.parseInt();                            //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.parseInt();//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.parseInt();//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){                        //If this is the first measurement of the series 
      ready = SetADC(ch1);                   //Set the ADC and enable conversion bit: FSYNC 
      startup = 0; 
    } 
    else{                                  //If 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){                        //If 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{                                  //If 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); 
} 
/////////////////////////////////////////////////////////////////////////////////// 
/*********************************************************************************/ 
void setup(){ 
  Serial.begin(57600);        //fastest for debugging purposes 
  while (!Serial);            //wait for serial to establish 
  SPI.begin(); 
  pinMode(cs,OUTPUT); 
  pinMode(_reset,OUTPUT); 
  pinMode(dataReadyPin, INPUT); 
  DDRL = 0xFF; 
  DDRC = 0xFF; 
  //  Configure Arduino to use MX7705 ADC 
  SPI.setBitOrder(MSBFIRST); 
  SPI.setDataMode(SPI_MODE3);           // BECAUSE DIN AND DOUT ARE on rising edge and they idle 
high 
  SPI.setClockDivider(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  
      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 
import re 
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: 
        for i in range(0, 10): 
##            toggle('13') 
##            toggle('12') 
##            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 

 



 

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 html> 
<!-- 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="Oasis_connect" type="button" value="Start" class="btn btn-large btn-danger 
rascal" /> 
            <span id="message"></span> 
        </div> 
    </div> 
    <script type="text/javascript"> 
        $("#Oasis_connect").click(function () { 
            document.getElementById("Oasis_connect").value = "Please Wait"; 
            $("#message").text("Connecting..."); 
            $.post("/Oasis_connect", function (response) { 
                $("#message").text(response); 
                if (response == "Connection Established"){ 
                     document.getElementById("Oasis_connect").value = "Success"; 
                     setTimeout('delayer()', 1000); 
                } 
                else{ 
                    document.getElementById("Oasis_connect").value = "Try again"; 
                } 
            }); 
        }); 
    </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 

Below is the pin mapping for the Atmega2560. The chip used in Arduino 2560. 
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PACKAGING INFORMATION

Orderable Device Status (1) Package Type Package
Drawing

Pins Package Qty Eco Plan (2) Lead/
Ball Finish

MSL Peak Temp (3) Samples

(Requires Login)

76005012A ACTIVE LCCC FK 20 1 TBD Call TI Call TI

7600501EA ACTIVE CDIP J 16 1 TBD Call TI Call TI

7600501EA ACTIVE CDIP J 16 1 TBD Call TI Call TI

7600501FA ACTIVE CFP W 16 1 TBD Call TI Call TI

7600501FA ACTIVE CFP W 16 1 TBD Call TI Call TI

76041012A ACTIVE LCCC FK 20 1 TBD Call TI Call TI

76041012A ACTIVE LCCC FK 20 1 TBD Call TI Call TI

7604101EA ACTIVE CDIP J 16 1 TBD Call TI Call TI

7604101EA ACTIVE CDIP J 16 1 TBD Call TI Call TI

7604101FA ACTIVE CFP W 16 1 TBD Call TI Call TI

7604101FA ACTIVE CFP W 16 1 TBD Call TI Call TI

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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Orderable Device Status (1) Package Type Package
Drawing

Pins Package Qty Eco Plan (2) Lead/
Ball Finish

MSL Peak Temp (3) Samples

(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

SN54LS138J ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type

SN54LS138J 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
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138D ACTIVE SOIC D 16 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138DE4 ACTIVE SOIC D 16 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138DE4 ACTIVE SOIC D 16 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138DG4 ACTIVE SOIC D 16 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138DG4 ACTIVE SOIC D 16 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138DR ACTIVE SOIC D 16 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138DR ACTIVE SOIC D 16 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138DRE4 ACTIVE SOIC D 16 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138DRE4 ACTIVE SOIC D 16 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM
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Orderable Device Status (1) Package Type Package
Drawing

Pins Package Qty Eco Plan (2) Lead/
Ball Finish

MSL Peak Temp (3) Samples

(Requires Login)

SN74LS138DRG4 ACTIVE SOIC D 16 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138DRG4 ACTIVE SOIC D 16 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

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 TI Call TI

SN74LS138N3 OBSOLETE PDIP N 16 TBD Call TI Call TI

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
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138NSR ACTIVE SO NS 16 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138NSRE4 ACTIVE SO NS 16 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138NSRE4 ACTIVE SO NS 16 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138NSRG4 ACTIVE SO NS 16 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74LS138NSRG4 ACTIVE SO NS 16 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S138AD ACTIVE SOIC D 16 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S138ADE4 ACTIVE SOIC D 16 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S138ADG4 ACTIVE SOIC D 16 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74S138AN ACTIVE PDIP N 16 25 Pb-Free (RoHS) CU NIPDAU N / A for Pkg Type

SN74S138AN3 OBSOLETE PDIP N 16 TBD Call TI Call TI

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

SNJ54LS138J ACTIVE CDIP J 16 1 TBD A42 N / A for Pkg Type
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Orderable Device Status (1) Package Type Package
Drawing

Pins Package Qty Eco Plan (2) Lead/
Ball Finish

MSL Peak Temp (3) Samples

(Requires Login)

SNJ54LS138J 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

SNJ54S138J 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
 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI 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 TI 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: TI has discontinued the production of the device.

 
(2) 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): 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, TI 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): TI 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)

 
(3) 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. TI 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. TI 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.
TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 
 OTHER QUALIFIED VERSIONS OF SN54LS138, SN54LS138-SP, SN74LS138 :

http://www.ti.com/productcontent
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• Catalog: SN74LS138, SN54LS138

• Military: SN54LS138

• Space: SN54LS138-SP

 NOTE: Qualified Version Definitions:

• Catalog - TI's standard catalog product

• Military - QML certified for Military and Defense Applications

• Space - Radiation tolerant, ceramic packaging and qualified for use in Space-based application

http://focus.ti.com/docs/prod/folders/print/sn74ls138.html
http://focus.ti.com/docs/prod/folders/print/sn54ls138.html
http://focus.ti.com/docs/prod/folders/print/sn54ls138.html
http://focus.ti.com/docs/prod/folders/print/sn54ls138-sp.html


TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

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 2.5 12.0 16.0 Q1
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*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

PACKAGE MATERIALS INFORMATION

www.ti.com 14-Jul-2012

Pack Materials-Page 2

















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 JESD48, 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.

TI 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 TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI 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.

TI 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 TI under the patents or other intellectual property of TI.

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI 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 TI 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.
TI 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 TI 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 TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, TI 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 III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI 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.

TI 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 TI 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 dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

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

http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity


Copyright  2003, Texas Instruments Incorporated

Data sheet acquired from Harris Semiconductor
SCHS074A – Revised June 2003

The CD4514B and CD4515B types are supplied
in 16-lead hermetic dual-in-line ceramic
packages (F3A suffix), 16-lead dual-in-line
plastic packages (E suffix), and 16-lead
small-outline  packages (M and M96 suffixes).
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package Qty Eco Plan
(2)

Lead/Ball Finish MSL Peak Temp
(3)

Op Temp (°C) Top-Side Markings
(4)

Samples

7703201JA ACTIVE CDIP J 24 1 TBD Call TI Call TI -55 to 125 7703201JA
CD4515BF3A

CD4514BE ACTIVE PDIP N 24 15 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type -55 to 125 CD4514BE

CD4514BEE4 ACTIVE PDIP N 24 15 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type -55 to 125 CD4514BE

CD4514BF ACTIVE CDIP J 24 1 TBD Call TI N / A for Pkg Type -55 to 125 CD4514BF

CD4514BF3A ACTIVE CDIP J 24 1 TBD Call TI N / A for Pkg Type -55 to 125 CD4514BF3A

CD4514BM ACTIVE SOIC DW 24 25 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4514BM

CD4514BM96 ACTIVE SOIC DW 24 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4514BM

CD4514BM96E4 ACTIVE SOIC DW 24 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4514BM

CD4514BM96G4 ACTIVE SOIC DW 24 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4514BM

CD4514BME4 ACTIVE SOIC DW 24 25 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4514BM

CD4514BMG4 ACTIVE SOIC DW 24 25 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4514BM

CD4514BNSR OBSOLETE SO NS 24 TBD Call TI Call TI -55 to 125

CD4514BPWR OBSOLETE TSSOP PW 24 TBD Call TI Call TI -55 to 125

CD4515BE ACTIVE PDIP N 24 15 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type -55 to 125 CD4515BE

CD4515BEE4 ACTIVE PDIP N 24 15 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type -55 to 125 CD4515BE

CD4515BF3A ACTIVE CDIP J 24 1 TBD Call TI N / A for Pkg Type -55 to 125 7703201JA
CD4515BF3A

CD4515BM ACTIVE SOIC DW 24 25 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4515BM

CD4515BM96 ACTIVE SOIC DW 24 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4515BM

http://www.ti.com/product/CD4515B-MIL?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4514B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4514B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4514B-MIL?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4514B-MIL?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4514B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4514B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4514B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4514B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4514B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4514B?CMP=conv-poasamples#samplebuy
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
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Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package Qty Eco Plan
(2)

Lead/Ball Finish MSL Peak Temp
(3)

Op Temp (°C) Top-Side Markings
(4)

Samples

CD4515BM96E4 ACTIVE SOIC DW 24 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4515BM

CD4515BM96G4 ACTIVE SOIC DW 24 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4515BM

CD4515BME4 ACTIVE SOIC DW 24 25 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4515BM

CD4515BMG4 ACTIVE SOIC DW 24 25 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4515BM

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI 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 TI 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: TI has discontinued the production of the device.

 
(2) 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): 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, TI 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): TI 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)

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

 
(4) 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 TI's knowledge and belief as of the date that it is provided. TI 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. TI 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.
TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.

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

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?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4515B?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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• Catalog: CD4514B, CD4515B

• Military: CD4514B-MIL, CD4515B-MIL

 NOTE: Qualified Version Definitions:

• Catalog - TI's standard catalog product

• Military - QML certified for Military and Defense Applications

http://focus.ti.com/docs/prod/folders/print/cd4514b.html
http://focus.ti.com/docs/prod/folders/print/cd4515b.html
http://focus.ti.com/docs/prod/folders/print/cd4514b-mil.html
http://focus.ti.com/docs/prod/folders/print/cd4515b-mil.html


TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

CD4514BM96 SOIC DW 24 2000 330.0 24.4 10.75 15.7 2.7 12.0 24.0 Q1

CD4514BM96G4 SOIC DW 24 2000 330.0 24.4 10.75 15.7 2.7 12.0 24.0 Q1

CD4515BM96 SOIC DW 24 2000 330.0 24.4 10.75 15.7 2.7 12.0 24.0 Q1

PACKAGE MATERIALS INFORMATION

www.ti.com 26-Jan-2013

Pack Materials-Page 1



*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

PACKAGE MATERIALS INFORMATION

www.ti.com 26-Jan-2013
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 MECHANICAL DATA
 
 

 MCDI004A – JANUARY 1995 – REVISED NOVEMBER 1997

POST OFFICE BOX 655303 •  DALLAS, TEXAS 75265

J (R-GDIP-T**)     CERAMIC DUAL-IN-LINE PACKAGE
24 PINS SHOWN

A

C

0.018 (0,46) MIN

Seating Plane

0.010 (0.25) MAX
Lens Protrusion (Lens Optional)

WIDENARRWIDE

32

NARRWIDE

0.125 (3,18) MIN

0.514(13,06)   0.571(14,50)

0.541(13,74)   0.598(15,19)

1.668(42,37)   1.668(42,37)

1.632(41,45)   1.632(41,45)

0.590(14,99)   0.590(14,99)

0.624(15,85)   0.624(15,85)

4040084/C 10/97

0.012 (0,30)
0.008 (0,20)

40

0.624(15,85)   0.624(15,85)

0.590(14,99)   0.590(14,99)

2.032(51,61)   2.032(51,61)

2.068(52,53)   2.068(52,53)

0.541(13,74)   0.598(15,19)

0.514(13,06)   0.571(14,50)

B

13

12

0.090 (2,29)
0.060 (1,53)

0.045 (1,14)
0.065 (1,65)

24

1

28

0.022 (0,56)
0.014 (0,36)

NARR

24

NARR WIDE

0.624(15,85)   0.624(15,85)

0.590(14,99)   0.590(14,99)

1.235(31,37)   1.235(31,37)

1.265(32,13)   1.265(32,13)

0.541(13,74)   0.598(15,19)

0.514(13,06)   0.571(14,50)

”A”

DIM

”B”

”C”

PINS **

MAX

MIN

MIN

MAX

MAX

MIN 0.514(13,06)   0.571(14,50)

0.541(13,74)   0.598(15,19)

1.465(37,21)   1.465(37,21)

1.435(36,45)   1.435(36,45)

0.590(14,99)   0.590(14,99)

0.624(15,85)   0.624(15,85)

0.175 (4,45)
0.140 (3,56)

0.100 (2,54)

NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Window (lens) added to this group of packages (24-, 28-, 32-, 40-pin).
D. This package can be hermetically sealed with a ceramic lid using glass frit.
E. Index point is provided on cap for terminal identification.



MECHANICAL DATA

MPDI006B – SEPTEMBER 2001 – REVISED APRIL 2002

POST OFFICE BOX 655303 •  DALLAS, TEXAS 75265

N (R–PDIP–T24) PLASTIC   DUAL–IN–LINE

0.020 (0,51) MIN

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

0.100 (2,54)

1

24

0.070 (1,78) MAX

12

13

1.222 (31,04) MAX

0.125 (3,18) MIN

0’–15’

0.010 (0,25) NOM

0.425 (10,80) MAX

Seating Plane

0.200 (5,08) MAX

0.360 (9,14) MAX

 0.010 (0,25)

4040051–3/D 09/01

NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS–010



 MECHANICAL DATA
 
 

 MPDI008 – OCTOBER 1994

POST OFFICE BOX 655303 •  DALLAS, TEXAS 75265

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

12

Seating Plane

0.560 (14,22)
0.520 (13,21)

13

0.610 (15,49)
0.590 (14,99)

524840

0.125 (3,18) MIN

2.390
(60,71)

(62,23)(53,09)

(51,82)
2.040

2.090 2.450 2.650
(67,31)

(65,79)
2.590

0.010 (0,25) NOM

4040053/B 04/95

A

0.060 (1,52) TYP

1

24

322824

1.230
(31,24)

(32,26) (36,83)

(35,81)
1.410

1.4501.270

PINS **
DIM

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

A  MIN

A  MAX
1.650

(41,91)

(40,89)
1.610

0.020 (0,51) MIN

0.200 (5,08) MAX

0.100 (2,54)

M0.010 (0,25)

0°–15°

NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-011
D. Falls within JEDEC MS-015 (32 pin only)









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 JESD48, 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.

TI 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 TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI 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.

TI 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 TI under the patents or other intellectual property of TI.

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI 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 TI 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.
TI 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 TI 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 TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, TI 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 III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI 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.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI 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 dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

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

http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
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http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity
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MP Series 
Quartz Crystal 

 

FEATURES 
• Standard HC-49/U Package, HC-49/U SMMC Package Option Available 
• Stable Frequency Over Temperature and Drive Level 
• Fundamental and 3rd 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 
• Tape & Reel Packaging Available 
• 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 
 
 
 

-MP

* Consult factory for Option availability.** Standard packaging is bulk in a bag.

Blank - Bulk **                                                                  
1 - Tape and Reel (SM/SMMC Product Option Only)              
2 - Radial Taping (Ammopak)

Refer to Standard Product Part Numbers 
table on Page 2.

Blank - Standard, -20°C to +70°C                                       
E - Extended Temperature Range, -40°C to +85°C

TEMPERATURE RANGE OPTIONS

PRODUCT OPTIONS

PACKAGING OPTIONS

Product Frequency/Load Code.         
[3 to 4 digits]

INS - Mylar Insulation Spacer                                                       
SLV - Insulating Body Sleeve *                                                     
SMMC - Surface Mount Lead Form w/ Metal Clip Third Lead *         
SM - Surface Mount Lead Form w/ TW Third Lead [Obsolete]          
TW - Hold Down Top Wire (welded) [Obsolete]                    

FREQUENCY/LOAD CODE

 
  
 
 
 

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.xls) 
 

 Contact your local CTS Representative or CTS Customer Service for assistance. 
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1.843200 MP018A MP018A-E Series Fundamental 10.738635 MP107 MP107-E 32 pF Fundamental
1.843200 MP018B MP018B-E 18 pF Fundamental 11.000000 MP110B MP110B-E Series Fundamental
1.843200 MP018S MP018S-E 13 pF Fundamental 11.000000 MP110A MP110A-E 20 pF Fundamental
2.000000 MP020A MP020A-E Series Fundamental 11.000000 MP110 MP110-E 18 pF Fundamental
2.000000 MP020S MP020S-E 20 pF Fundamental 11.059200 MP111 MP111-E Series Fundamental
2.000000 MP020B MP020B-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 MP036S MP036S-E 18 pF Fundamental 12.000000 MP120 MP120-E Series Fundamental
3.686400 MP037A MP037A-E Series Fundamental 12.000000 MP120A MP120A-E 20 pF Fundamental
3.686400 MP037 MP037-E 20 pF Fundamental 12.000000 MP120B MP120B-E 18 pF Fundamental
3.686400 MP037B MP037B-E 18 pF Fundamental 12.000000 MP120C MP120C-E 32 pF Fundamental
4.000000 MP04A MP04A-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 MP040B-E 18 pF Fundamental 12.288000 MP122B MP122B-E 18 pF Fundamental
4.032000 MP043A MP043A-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 MP042A MP042A-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 MP049A MP049A-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 MP049B-E 18 pF Fundamental 15.000000 MP150 MP150-E Series Fundamental
5.000000 MP05B MP05B-E Series Fundamental 16.000000 MP160 MP160-E Series Fundamental
5.000000 MP05A MP05A-E 20 pF Fundamental 16.000000 MP160A MP160A-E 20 pF Fundamental
5.000000 MP050C MP050C-E 18 pF Fundamental 16.000000 MP160B MP160B-E 18 pF Fundamental
5.068000 MP050 MP050-E Series Fundamental 18.000000 MP180 MP180-E Series Fundamental
5.068000 MP051A MP051A-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 MP051 MP051-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 MP057 MP057-E Series Fundamental 19.660800 MP196A MP196A-E 20 pF Fundamental
5.714300 MP057A MP057A-E 20 pF Fundamental 19.660800 MP196B MP196B-E 18 pF Fundamental
6.000000 MP060A MP060A-E Series Fundamental 20.000000 MP200 MP200-E Series Fundamental
6.000000 MP060 MP060-E 20 pF Fundamental 20.000000 MP200A MP200A-E 20 pF Fundamental
6.000000 MP060B MP060B-E 18 pF Fundamental 20.000000 MP200B MP200B-E 18 pF Fundamental
6.000000 MP060C MP060C-E 32 pF Fundamental 22.118400 MP221 MP221-E 20 pF Fundamental
6.144000 MP061 MP061-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 MP065C-E 12 pF Fundamental 24.576000 MP245B MP245B-E 18 pF Fundamental
7.372800 MP073 MP073-E Series Fundamental 25.000000 MP250 MP250-E Series Fundamental
7.372800 MP073A MP073A-E 20 pF Fundamental 25.000000 MP250A MP250A-E 20 pF Fundamental
7.372800 MP073B MP073B-E 18 pF Fundamental 25.000000 MP250B MP250B-E 18 pF Fundamental
8.000000 MP080 MP080-E Series Fundamental 27.000000 MP270 MP270-E Series 3rd Overtone
8.000000 MP080A MP080A-E 20 pF Fundamental 27.000000 MP270B MP270B-E 18 pF 3rd Overtone
8.000000 MP080B MP080B-E 18 pF Fundamental 32.000000 MP320A MP320A-E 20 pF 3rd Overtone
8.000000 MP080C MP080C-E 32 pF Fundamental 32.000000 MP320B MP320B-E 18 pF 3rd Overtone
8.192000 MP081B MP081B-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 MP098A MP098A-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 MP098B-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

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.

OPERATING 
MODE

OPERATING 
MODE

FREQUENCY  
(MHz)

LOAD 
CAPACITANCE

PART 
NUMBER    
-20/70°C

PART 
NUMBER     
-40/85°C

FREQUENCY  
(MHz)

PART 
NUMBER    
-20/70°C

PART 
NUMBER     
-40/85°C

LOAD 
CAPACITANCE
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ELECTRICAL CHARACTERISTICS 
 

PARAMETER VALUE
Frequency 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)

-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  (C0) 7.0 pF Maximum  
Drive Level 100 µW Typical, 1,000 µW Maximum
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

EL
EC

TR
IC

A
L 

P
A

R
A

M
ET

ER
S

± 50 ppm Standard *

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

Operating Temperature Range

 
 
 
 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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MECHANICAL SPECIFICATIONS 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MARKING INFORMATION  
1. MPXXXX - CTS Part Number. 
 [Per Ordering Information Format] 
2. XXMXXXXXX – Frequency is marked with only 

leading significant digits before the ‘M’ and 4 – 6 
digits after the ‘M’ (including zeros). 

  Ex. XMXXXXXX – 3M579545 
   XXMXXXXX – 14M31818 
   XXMXXXX – 20M0000 
2. ** - Manufacturing Site Code. 
3. YYWW – Date Code, YY – year, WW – week. 
4. Complete CTS part number, frequency value and 

date code information must appear on bag and 
box labels. 

MP PACKAGE W/ WELDED TOP WIRE (TW) OPTION 
 

 

MP PACKAGE DRAWING 
 

NOTES 
1. Lead finish (e1), SnAgCu. 

M
PXXXX 

XXM
XXXXXX 

CTS** YYW
W

 

 OBSOLETE 
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MECHANICAL SPECIFICATIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MP-SM OPTION W/ WELDED TOP WIRE THIRD LEAD 
 

M
PXXXX 

XXM
XXXXXX 

CTS** YYW
W

 

SUGGESTED SOLDER PAD GEOMETRY 
   

Key:  Inch [mm]

0.192 [4.88]

0.050 [1.27]

0.096 [2.44]

0.620 [15.75]

0.100 [2.54]

MP-SMMC OPTION W/ METAL CLIP THIRD LEAD 

 

SUGGESTED SOLDER PAD GEOMETRY 

M
PXXXX 

XXM
XXXXXX 

CTS** YYW
W

 

OBSOLETE 
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PACKAGING INFORMATION  [Reference Only] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 

ENVIRONMENTAL SPECIFICATIONS 
 
Temperature Cycle: 400 cycles from –55°C to +125°C, 10 minute dwell at each temperature, 1 minute transfer time 

between temperatures. 
 
Mechanical Shock: 1,500g’s, 0.5mS duration, ½ sinewave, 3 shocks each direction along 3 mutually perpendicular 

planes (18 total shocks). 
 
Sinusoidal Vibration: 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). 
 
Gross Leak: No leak shall appear while immersed in an FC40 or equivalent liquid at +125°C for 20 seconds. 
 
Fine Leak:  Mass spectrometer leak rates less than 2x10-8 ATM cc/sec air equivalent. 
 
Resistance to Solder Heat:  Product must survive 3 reflows of +250°C maximum, 10 seconds maximum. 
 
High Temperature Operating Bias:  2,000 hours at +125°C, disregarding frequency shift. 
 
Frequency Aging:  1,000 hours at +85°C, maximum ±5 ppm shift. 
 
Insulation Resistance:  500M Ohms @ 100VDC ±15VDC. 
 
Moisture Sensitivity Level:  Level 1 per JEDEC J-STD-020. 

MP Radial Taping  (Ammopak) 
 

3.8112.70

18.00

32.50 Max

18.50

DIMENSIONS IN MILLIMETERS

Ø4.00

0.90 Max

 

MP-SMMC Tape and Reel 

3218.4

DIRECTION OF FEED

20.1

11.1
11.7

16.0

DIMENSIONS IN MILLIMETERS

4.0 Ø1.50

24

1.75
6.5
5.8

Ø330Ø60

Ø100

120°

36

Ø13

2.0
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Notice for TAIYO YUDEN products　
Please read this notice before using the TAIYO YUDEN products.

 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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▶	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) 
 

■PARTS NUMBER 

 

N R △  4 0 1 8  T △  1 0 0 M △ △＝Blank space 

①  ②  ③  ④ ⑤ ⑥  

 

①Series name 

Code Series name 

NR△ 

Coating resin specification 
NRH 

NRS 

NRV 

 

②Dimensions（L×W×H） 

Code Dimensions（L×W×H）［mm］ 

2010 2.0×2.0×1.0 

2012 2.0×2.0×1.2 

2410 2.4×2.4×1.0 

2412 2.4×2.4×1.2 

3010 3.0×3.0×1.0 

3012 3.0×3.0×1.2 

4010 4.0×4.0×1.0 

4012 4.0×4.0×1.2 

4018 4.0×4.0×1.8 

5010 4.9×4.9×1.0 

5012 4.9×4.9×1.2 

5014 4.9×4.9×1.4 

5020 4.9×4.9×2.0 

5024 4.9×4.9×2.4 

5030 4.9×4.9×3.0 

5040 4.9×4.9×4.0 

6010 6.0×6.0×1.0 

6012 6.0×6.0×1.2 

6014 6.0×6.0×1.4 

6020 6.0×6.0×2.0 

6028 6.0×6.0×2.8 

6045 6.0×6.0×4.5 

8030 8.0×8.0×3.0 

8040 8.0×8.0×4.0 

③Packaging 

Code Packaging 

T△ Taping 

 

④Nominal inductance 

Code

（example） 
Nominal inductance［μH］ 

2R2 2.2 

100 10 

101 100 

※R＝Decimal point 

 

⑤Inductance tolerance 

Code Inductance tolerance 

M ±20％ 

N ±30％ 

 

⑥Internal code 

 

 

 

 

■STANDARD EXTERNAL DIMENSIONS / STANDARD QUANTITY 

 
 

Type L W H e f 
Standard quantity 

[pcs] Taping 

NRV2010 
2.0±0.1 

(0.079±0.004) 

2.0±0.1 

(0.079±0.004) 

1.0 max 

（0.039 max） 

0.5±0.2 

（0.020±0.008）

1.25±0.2 

（0.050±0.008
2500 

NRS2012 

NRV2012 

2.0±0.1 

(0.079±0.004) 

2.0±0.1 

(0.079±0.004) 

1.2 max 

（0.047 max） 

0.5±0.2 

（0.020±0.008）

1.25±0.2 

（0.050±0.008）
2500 

NRH2410 
2.4±0.1 

(0.095±0.004) 

2.4±0.1 

(0.095±0.004) 

1.0 max 

（0.039 max） 

0.6±0.2 

（0.024±0.008）

1.45±0.2 

（0.057±0.008）
2500 

NRH2412 
2.4±0.1 

(0.095±0.004) 

2.4±0.1 

(0.095±0.004) 

1.2 max 

（0.047 max） 

0.6±0.2 

（0.024±0.008）

1.45±0.2 

（0.057±0.008）
2500 

NR 3010 

NRH3010 

3.0±0.1 

（0.118±0.004） 

3.0±0.1 

（0.118±0.004） 

1.0 max 

（0.039 max） 

0.9±0.2 

（0.035±0.008）

1.9±0.2 

（0.075±0.008）
2000 

SMD POWER INDUCTORS(NR SERIES/NR SERIES H TYPE/S TYPE/V TYPE)
REFLOW
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NR 3012 

NRH3012 

NRV3012 

3.0±0.1 

（0.118±0.004） 

3.0±0.1 

（0.118±0.004） 

1.2 max 

（0.047 max） 

0.9±0.2 

（0.035±0.008）

1.9±0.2 

（0.075±0.008）
2000 

NR 3015 

NRS3015 

3.0±0.1 

（0.118±0.004） 

3.0±0.1 

（0.118±0.004） 

1.5 max 

（0.059 max） 

0.9±0.2 

（0.035±0.008）

1.9±0.2 

（0.075±0.008）
2000 

NR 4010 

NRS4010 

4.0±0.2 

（0.157±0.008） 

4.0±0.2 

（0.157±0.008） 

1.0 max 

（0.039 max） 

1.1±0.2 

（0.043±0.008）

2.5±0.2 

（0.098±0.008）
5000 

NR 4012 

NRS4012 

4.0±0.2 

（0.157±0.008） 

4.0±0.2 

（0.157±0.008） 

1.2 max 

（0.047 max） 

1.1±0.2 

（0.043±0.008）

2.5±0.2 

（0.098±0.008）
4500 

NR 4018 

NRS4018 

4.0±0.2 

（0.157±0.008） 

4.0±0.2 

（0.157±0.008） 

1.8 max 

（0.071 max） 

1.1±0.2 

（0.043±0.008）

2.5±0.2 

（0.098±0.008）
3500 

NRS8030 
8.0±0.2 

（0.315±0.008） 

8.0±0.2 

（0.315±0.008） 

3.0 max 

（0.118 max） 

1.60±0.3 

（0.063±0.012）

5.6±0.3 

（0.22±0.012）
1000 

NR 8040 

NRS8040 

8.0±0.2 

（0.315±0.008） 

8.0±0.2 

（0.315±0.008） 

*1） 4.2 max 

（0.165 max） 

*2） 4.0 max 

（0.157 max） 

1.60±0.3 

（0.063±0.012）

5.6±0.3 

（0.22±0.012）
1000 

Unit：mm（inch） 

*1） 0R9～6R8 type 

*2） 100～101type 

 

 

 
 

Type L W H e f Δl 
Standard quantity 

[pcs] Taping 

NRS5010 
4.9±0.2 

（0.193±0.008） 

4.9±0.2 

（0.193±0.008） 

1.0 max 

（0.039 max） 

1.2±0.2 

（0.047±0.008）

3.3±0.2 

（0.130±0.008）

1.3typ 

（0.051typ） 
1000 

NRS5012 
4.9±0.2 

（0.193±0.008） 

4.9±0.2 

（0.193±0.008） 

1.2 max 

（0.047 max） 

1.2±0.2 

（0.047±0.008）

3.3±0.2 

（0.130±0.008）

1.3typ 

（0.051typ） 
1000 

NRS5014 
4.9±0.2 

（0.193±0.008） 

4.9±0.2 

（0.193±0.008） 

1.4 max 

（0.055 max） 

1.2±0.2 

（0.047±0.008）

3.3±0.2 

（0.130±0.008）

1.3typ 

（0.051typ） 
1000 

NRS5020 
4.9±0.2 

（0.193±0.008） 

4.9±0.2 

（0.193±0.008） 

2.0 max 

（0.079 max） 

1.2±0.2 

（0.047±0.008）

3.3±0.2 

（0.130±0.008）

1.3typ 

（0.051typ） 
800 

NRS5024 
4.9±0.2 

（0.193±0.008） 

4.9±0.2 

（0.193±0.008） 

2.4 max 

（0.094 max） 

1.2±0.2 

（0.047±0.008）

3.3±0.2 

（0.130±0.008）

1.3typ 

（0.051typ） 

2500 

 

NRS5030 
4.9±0.2 

（0.193±0.008） 

4.9±0.2 

（0.193±0.008） 

3.0 max 

（0.118 max） 

1.2±0.2 

（0.047±0.008）

3.3±0.2 

（0.130±0.008）

1.3typ 

（0.051typ） 
500 

NR 5040 

NRS5040 

4.9±0.2 

（0.193±0.008） 

4.9±0.2 

（0.193±0.008） 

*3） 4.1 max 

（0.161 max） 

*4） 4.0 max 

（0.157 max） 

1.2±0.2 

（0.047±0.008）

3.3±0.2 

（0.130±0.008）

1.3typ 

（0.051typ） 
1500 

NRS6010 
6.0±0.2 

（0.236±0.008） 

6.0±0.2 

（0.236±0.008） 

1.0 max 

（0.039 max） 

1.35±0.2 

（0.053±0.008）

4.0±0.2 

（0.157±0.008）

2.3typ 

（0.091typ） 
1000 

NR 6012 

NRS6012 

6.0±0.2 

（0.236±0.008） 

6.0±0.2 

（0.236±0.008） 

1.2 max 

（0.047 max） 

1.35±0.2 

（0.053±0.008）

4.0±0.2 

（0.157±0.008）

2.3typ 

（0.091typ） 
1000 

NRS6014 
6.0±0.2 

（0.236±0.008） 

6.0±0.2 

（0.236±0.008） 

1.4 max 

（0.055 max） 

1.35±0.2 

（0.053±0.008）

4.0±0.2 

（0.157±0.008）

2.3typ 

（0.091typ） 
1000 

NR 6020 

NRS6020 

6.0±0.2 

（0.236±0.008） 

6.0±0.2 

（0.236±0.008） 

2.0 max 

（0.079 max） 

1.35±0.2 

（0.053±0.008）

4.0±0.2 

（0.157±0.008）

2.3typ 

（0.091typ） 
2500 

NR 6028 

NRS6028 

6.0±0.2 

（0.236±0.008） 

6.0±0.2 

（0.236±0.008） 

2.8 max 

（0.110 max） 

1.35±0.2 

（0.053±0.008）

4.0±0.2 

（0.157±0.008）

2.3typ 

（0.091typ） 
2000 

NR 6045 

NRS6045 

6.0±0.2 

（0.236±0.008） 

6.0±0.2 

（0.236±0.008） 

4.5 max 

（0.177 max） 

1.35±0.2 

（0.053±0.008）

4.0±0.2 

（0.157±0.008）

2.3typ 

（0.091typ） 
1500 

Unit：mm（inch） 

*3） 1R5～100 type 

*4） 150～470 type 
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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 Unit：mm   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 

 

 

 

 

 
 

  

Unit：mm   Unit：mm Unit：mm    

 

 

 

-2
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●NRS2012 Shielded type

Saturation current
Idc1

Temperature rise current
Idc2

NRS2012T 1R0N 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 4R7M GJ RoHS 4.7 ±20％ － 0.241 900 910 100

●NRV2010 type

Saturation current
Idc1

Temperature rise current
Idc2

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 1R0N 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

Saturation current
Idc1

Temperature rise current
Idc2

NRV2012T 1R0N 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 4.7 ±20％ － 0.325 1,100 750 100

●NRH2410 Shielded type

Saturation current
Idc1

Temperature rise current
Idc2

NRH2410T R68NN 4 RoHS 0.68 ±30％ 120 0.060 2,200 1,570 100

NRH2410T 1R0NN 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 1,000 770 100

NRH2410T 4R7MN RoHS 4.7 ±20％ 50 0.290 880 670 100

NRH2410T 6R8MN RoHS 6.8 ±20％ 43 0.410 750 570 100

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

Saturation current
Idc1

Temperature rise current
Idc2

NRH2412T R47NNGJ RoHS 0.47 ±30％ 180 0.050 2,900 2,100 100

NRH2412T 1R0NNGH 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 2.2 ±20％ 72 0.140 1,700 1,000 100

NRH2412T 3R3MNGH RoHS 3.3 ±20％ 56 0.225 1,400 750 100

NRH2412T 4R7MNGH 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

Saturation current
Idc1

Temperature rise current
Idc2

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℃)

※） The temperature rise current value（Idc2) is the DC current value having temperature increase up to 40℃. (at 20℃)

※） The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value. 

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance

Parts number EHS
Nominal inductance

［μH］
Inductance tolerance

Measuring
frequency［kHz］

DC Resistance
［Ω］（±20％）

Self-resonant
frequency

［MHｚ］（min.）

Rated current　※）　［ｍA］

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance
Self-resonant

frequency
［MHｚ］（min.）

DC Resistance
［Ω］（±20％）
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■PARTS NUMBER

●NRH3012 Shielded type

Saturation current
Idc1

Temperature rise current
Idc2

NRH3012T R47NN RoHS 0.47 ±30％ 160 0.033 2,600 1,900 100

NRH3012T 1R0NN 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

Saturation current
Idc1

Temperature rise current
Idc2

NRV3012T 1R0N 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS3015T 1R0NNGH 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS4010T 1R0NDGG 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS4012T 1R0NDGG 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS4018T 1R0NDGJ 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℃)

※） The temperature rise current value（Idc2) is the DC current value having temperature increase up to 40℃. (at 20℃)

※） The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value. 

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance
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■PARTS NUMBER

●NRS5010 type

Saturation current
Idc1

Temperature rise current
Idc2

NRS5010T 1R0NMGF 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 4R7MMGF 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS5012T 1R0NMGF 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 4R7MMGF 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS5014T R47NMGG 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 4R7NMGG 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS5020T R47NMGJ RoHS 0.47 ±30％ 230 0.012 6,100 5,000 100

NRS5020T 1R0NMGJ 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 4R7MMGJ 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS5024T 1R0NMGJ 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 4R7MMGJ 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

﻿※） The saturation current value (Idc1) is the DC current value having inductance decrease down to 30%. (at 20℃)

※） The temperature rise current value（Idc2) is the DC current value having temperature increase up to 40℃. (at 20℃)

※） The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value. 

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance

Parts number EHS
Nominal inductance

［μH］
Inductance tolerance

Parts number EHS
Nominal inductance

［μH］
Inductance tolerance

Rated current　※）　［ｍA］
Measuring

frequency［kHz］

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
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■PARTS NUMBER

●NRS5030 type

Saturation current
Idc1

Temperature rise current
Idc2

NRS5030T R47NMGJ RoHS 0.47 ±30％ 185 0.010 9,000 5,000 100

NRS5030T 1R0NMGJ 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 4R7MMGJ 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 type

Saturation current
Idc1

Temperature rise current
Idc2

NRS5040T 1R5NMGJ 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 4R7NMGK 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS6010T 1R5MMGF 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 4R7MMGF 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 type

Saturation current
Idc1

Temperature rise current
Idc2

NRS6012T 1R0NMGJ RoHS 1.0 ±30％ 95 0.050 3,000 2,400 100

NRS6012T 1R5NMGG 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 3R3NMGG RoHS 3.3 ±30％ 42 0.105 1,800 1,700 100

NRS6012T 4R7MMGG 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 type

Saturation current
Idc1

Temperature rise current
Idc2

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 3R3NMGG RoHS 3.3 ±30％ 41 0.075 2,500 2,000 100

NRS6014T 4R7MMGG 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

﻿※） The saturation current value (Idc1) is the DC current value having inductance decrease down to 30%. (at 20℃)

※） The temperature rise current value（Idc2) is the DC current value having temperature increase up to 40℃. (at 20℃)

※） The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value. 
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●NRS6020 Shielded type

Saturation current
Idc1

Temperature rise current
Idc2

NRS6020T 0R8NMGG RoHS 0.8 ±30％ 110 0.020 6,400 4,100 100

NRS6020T 1R5NMGJ 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 3R3NMGJ 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS6028T 0R9NMGJ RoHS 0.9 ±30％ 90 0.013 6,700 4,600 100

NRS6028T 1R5NMGJ 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 3R0NMGJ RoHS 3.0 ±30％ 55 0.023 3,600 3,400 100

NRS6028T 4R7MMGK RoHS 4.7 ±20％ 39 0.031 2,700 3,000 100

NRS6028T 6R0MMGK 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS6045T 1R0NMGK RoHS 1.0 ±30％ 110 0.014 9,800 4,500 100

NRS6045T 1R3NMGK 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 2R3NMGK RoHS 2.3 ±30％ 60 0.022 6,400 3,600 100

NRS6045T 3R0NMGK RoHS 3.0 ±30％ 45 0.024 5,600 3,300 100

NRS6045T 4R5MMGK 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS8030T 1R0NJGJ 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

Saturation current
Idc1

Temperature rise current
Idc2

NRS8040T 0R9NJGJ RoHS 0.9 ±30％ 85 0.006 13,000 7,800 100

NRS8040T 1R4NJGJ RoHS 1.4 ±30％ 63 0.007 10,000 7,000 100

NRS8040T 2R0NJGJ 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℃)

※） The temperature rise current value（Idc2) is the DC current value having temperature increase up to 40℃. (at 20℃)

※） The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value. 
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●NR 3010 Shielded type

Saturation current
Idc1

Temperature rise current
Idc2

NR 3010T 1R0N 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 2.2 ±20％ 82 0.095 1,100 1,100 100

NR 3010T 3R3M RoHS 3.3 ±20％ 63 0.140 870 940 100

NR 3010T 4R7M 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

Saturation current
Idc1

Temperature rise current
Idc2

NR 3012T 1R0N 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 2.2 ±20％ 70 0.080 1,100 1,200 100

NR 3012T 3R3M RoHS 3.3 ±20％ 55 0.100 910 1,050 100

NR 3012T 4R7M RoHS 4.7 ±20％ 48 0.130 770 980 100

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

Saturation current
Idc1

Temperature rise current
Idc2

NR 3015T 1R0N 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 3.3 ±20％ 49 0.080 1,210 1,230 100

NR 3015T 4R7M 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

Saturation current
Idc1

Temperature rise current
Idc2

NR 4010T 1R0N 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 3.3 ±20％ 58 0.180 1,100 820 100

NR 4010T 4R7M 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

Saturation current
Idc1

Temperature rise current
Idc2

NR 4012T 1R0N 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 3.3 ±20％ 50 0.130 1,200 980 100

NR 4012T 4R7M 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 0.240 740 770 100

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℃)

※） The temperature rise current value（Idc2) is the DC current value having temperature increase up to 40℃. (at 20℃)

※） The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value. 
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●NR 4018 Shielded type

Saturation current
Idc1

Temperature rise current
Idc2

NR 4018T 1R0N 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 4.7 ±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

Saturation current
Idc1

Temperature rise current
Idc2

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

Saturation current
Idc1

Temperature rise current
Idc2

NR 6012T 2R5NE RoHS 2.5 ±30％ 45 0.090 2,100 1,730 100

NR 6012T 4R0NE 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

Saturation current
Idc1

Temperature rise current
Idc2

NR 6020T 0R8N 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

Saturation current
Idc1

Temperature rise current
Idc2

NR 6028T 0R9N 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 3R0N RoHS 3.0 ±30％ 55 0.023 3,600 3,400 100

NR 6028T 4R7M RoHS 4.7 ±20％ 39 0.031 2,700 3,000 100

NR 6028T 6R0M 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 0.420 760 770 100

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℃)

※） The temperature rise current value（Idc2) is the DC current value having temperature increase up to 40℃. (at 20℃)

※） The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value. 

Parts number EHS
Nominal inductance

［μH］
Inductance tolerance

Nominal inductance
［μH］

Inductance tolerance
Self-resonant

frequency
［MHｚ］（min.）

DC Resistance
［Ω］（±30％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］

Parts number EHS
Nominal inductance

［μH］
Inductance tolerance

Rated current　※）　［ｍA］
Measuring

frequency［kHz］

Parts number EHS

Parts number EHS
Nominal inductance

［μH］
Inductance tolerance

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±30％）

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±20％）

Parts number EHS
Nominal inductance

［μH］
Inductance tolerance

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
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■PARTS NUMBER

●NR 6045 Shielded type

Saturation current
Idc1

Temperature rise current
Idc2

NR 6045T 1R0N 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 2.3 ±30％ 60 0.021 6,000 3,500 100

NR 6045T 3R0N RoHS 3.0 ±30％ 45 0.024 5,000 3,200 100

NR 6045T 4R5M RoHS 4.5 ±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

Saturation current
Idc1

Temperature rise current
Idc2

NR 8040T 0R9N 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 2R0N 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

﻿※） The saturation current value (Idc1) is the DC current value having inductance decrease down to 30%. (at 20℃)

※） The temperature rise current value（Idc2) is the DC current value having temperature increase up to 40℃. (at 20℃)

※） The rated current is the DC current value that satisfies both of current value saturation current value and temperature rise current value. 

Parts number EHS
Nominal inductance

［μH］
Inductance tolerance

Self-resonant
frequency

［MHｚ］（min.）

DC Resistance
［Ω］（±30％）

Rated current　※）　［ｍA］
Measuring

frequency［kHz］

Rated current　※）　［ｍA］
Measuring

frequency［kHz］
Parts number EHS

Nominal inductance
［μH］

Inductance tolerance
Self-resonant

frequency
［MHｚ］（min.）

DC Resistance
［Ω］（±30％）
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SMD POWER INDUCTORS (NR SERIES/NR SERIES H TYPE/S TYPE/V TYPE) 
 

■PACKAGING 

 

①Minimum Quantity 

Type 
Standard Quantity [pcs] 

Tape ＆ Reel 

NRV2010 2500 

NRS2012 

NRV2012  
2500 

NRH2410  2500 

NRH2412  2500 

NR 3010 

NRH3010  
2000 

NR 3012 

NRH3012 

NRV3012 

2000 

NR 3015 

NRS3015  
2000 

NR 4010 

NRS4010  
5000 

NR 4012 

NRS4012  
4500 

NR 4018 

NRS4018 
3500 

 

Type 
Standard Quantity [pcs] 

Tape ＆ Reel 

NRS5010  1000 

NRS5012  1000 

NRS5014  1000 

NRS5020  800 

NRS5024  2500 

NRS5030 500 

NR 5040 

NRS5040  
1500 

NRS6010 1000 

NR 6012 

NRS6012  
1000 

NRS6014  1000 

NR 6020 

NRS6020  
2500 

NR 6028 

NRS6028  
2000 

NR 6045 

NRS6045  
1500 

NRS8030  1000 

NR 8040 

NRS8040  
1000 

 

②Tape Material 

●Embossed Tape 

   

③Taping dimensions 

●Embossed tape 8mm wide (0.315 inches wide) 

 

Type 
Chip cavity Insertion pitch Tape thickness 

A B F T K 

NRV2010 
2.2±0.1 

（0.102±0.004） 

2.2±0.1 

（0.102±0.004） 

4.0±0.1 

（0.157±0.004） 

0.25±0.05 

（0.009±0.002） 

1.3±0.1 

（0.051±0.004） 
NRS2012  

NRV2012  

NRH2410 2.6±0.1 

（0.087±0.004） 

2.6±0.1 

（0.102±0.004） 

0.25±0.05 

（0.009±0.002） 

1.3±0.1 

（0.051±0.004） NRH2412 

NR 3010 

NRH3010 

3.2±0.1 

（0.126±0.004） 

3.2±0.1 

（0.126±0.004） 

0.3±0.05 

（0.012±0.002） 

1.4±0.1 

（0.055±0.004） 

NR 3012  

NRH3012  

NRV3012  

1.6±0.1 

（0.063±0.004） 

1.9±0.1 

（0.075±0.004） 
NR 3015 

NRS3015 

     Unit：mm（inch） 
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●Embossed tape 12mm wide (0.47 inches wide) 

 

Type 
Chip cavity Insertion pitch Tape thickness 

A B F T K 

NR 4010 

NRS4010 

4.3±0.1 

（0.169±0.004） 

4.3±0.1 

（0.169±0.004） 

8.0±0.1 

（0.315±0.004） 

0.3±0.1 

（0.012±0.004） 

1.4±0.1 

（0.055±0.004） 

NR 4012 

NRS4012 

1.6±0.1 

（0.063±0.004） 

NR 4018 

NRS4018 

2.1±0.1 

（0.083±0.004） 

NRS5010 

5.25±0.1 

（0.207±0.004） 

5.25±0.1 

（0.207±0.004） 

1.4±0.1 

（0.055±0.004） 

NRS5012 
1.4±0.1 

（0.055±0.004） 

NRS5014 
1.6±0.1 

（0.063±0.004） 

NRS5020 
2.3±0.1 

（0.091±0.004） 

NRS5024 
2.7±0.1 

（0.106±0.004） 

NRS5030 
5.15±0.1 

（0.203±0.004） 

5.15±0.1 

（0.203±0.004） 

0.4±0.1 

（0.016±0.004） 

3.2±0.1 

（0.126±0.004） 

NR 5040 

NRS5040 

5.15±0.1 

（0.203±0.004） 

5.15±0.1 

（0.203±0.004） 

4.2±0.1 

（0.165±0.004） 

NRS6010 

6.3±0.1 

（0.248±0.004） 

6.3±0.1 

（0.248±0.004） 

1.4±0.1 

（0.055±0.004） 

NR 6012 

NRS6012 

1.6±0.1 

（0.063±0.00） 

NRS6014 
1.6±0.1 

（0.063±0.04） 

NR 6020 

NRS6020 

2.3±0.1 

（0.090±0.004） 

NR 6028 

NRS6028 

3.1±0.1 

（0.122±0.004） 

NR 6045 

NRS6045 

4.7±0.1 

（0.185±0.004） 

     Unit：mm（inch） 

 

 

●Embossed tape 16mm wide (0.63 inches wide) 

 

Type 
Chip cavity Insertion pitch Tape thickness 

A B F T K 

NRS8030 
8.3±0.1 

（0.327±0.004） 

8.3±0.1 

（0.327±0.004） 

12.0±0.1 

（0.472±0.004） 

0.5±0.1 

（0.020±0.004） 

3.4±0.1 

（0.134±0.004） 

NR 8040 

NRS8040 

4.5±0.1 

（0.177±0.004） 

     Unit：mm（inch） 
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④Leader and Blank portion 

●NR, NRH, NRS, NRV 

⑤Reel size 

 

Type 
Reel size (Reference values) 

φD φd W 

NRV2010 

180±0.5 

（7.087±0.019） 

60±1.0 

（2.36±0.04） 

10.0±1.5 

（0.394±0.059） 

NRS2012  

NRV2012  

NRH2410  

NRH2412  

NR 3010  

NRH3010  

NR 3012  

NRH3012  

NRV3012  

NR 3015  

NRS3015 

NRS5010  

180±3.0 

（7.087±0.118） 

60±2.0 

（2.36±0.08） 

14.0±1.5 

（0.551±0.059） 

NRS5012  

NRS5014  

NRS5020  

NRS5030 

NRS6010  

NR 6012  

NRS6012  

NRS6014  

   Unit：mm（inch） 
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Type 
Reel size (Reference values) 

φD φd t（max.） W 

NR 4010 

NRS4010 

330±3.0 

（12.99±0.118） 

80±2.0 

（3.15±0.078） 

18.5 

（0.72） 

13.5±1.0 

（0.531±0.04） 

NR 4012 

NRS4012 

NR 4018 

NRS4018 

NRS5024 

NR 5040 

NRS5040 

NR 6020 

NRS6020 

NR 6028 

NRS6028 

NR 6045 

NRS6045 

NRS8030 
22.5 

（0.89） 

17.5±1.0 

（0.689±0.04） 
NR 8040 

NRS8040 

    Unit：mm（inch） 
 

 

⑥Top 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. 
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SMD inductor （NR□, NS series） 
 

■RELIABILITY DATA 

 

1. Operating Temperature Range 

Specified Value 

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

NRH24/30 Type 
－25～＋120℃  

NRS40/50/60/80 Type －25～＋125℃  

NR10050 Type －25～＋105℃  

NS101, NS125 Type －40～＋125℃  

Test Methods and 

Remarks 
Including self-generated heat 

 

2. Storage Temperature Range 

Specified Value 

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

NRH24/30, NRS20/40/50/60/80 Type 
－40～＋85℃ 

NR10050 Type 

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℃ for the product with taping. 

 

3. Rated current 

Specified Value 

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

NRH24/30, NRS20/40/50/60/80 Type 
Within the specified tolerance 

NR10050 Type 

NS101, NS125 Type 

 

4. Inductance 

Specified Value 

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

NRH24/30, NRS20/40/50/60/80 Type 
Within the specified tolerance 

NR10050 Type 

NS101, NS125 Type 

Test Methods and 

Remarks 

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  :  

Measuring equipment : LCR Meter （HP 4285A or equivalent） 

Measuring frequency : 100kHz, 1V 

NR10050 Type :  

Measuring equipment : LCR Meter （HP 4263A or equivalent） 

Measuring frequency : 100kHz, 1V 
 

 

5. DC Resistance 

Specified Value 

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

NRH24/30, NRS20/40/50/60/80 Type 
Within the specified tolerance 

NR10050 Type 

NS101, NS125 Type 

Test Methods and 

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

 

 

6. Self resonance frequency 

Specified Value 

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

NRS40/50/60/80 Type 
Within the specified tolerance 

NR10050 Type 

NS101, NS125 Type 

Test Methods and 

Remarks 

NR30/40/50/60/80, NRV30, NRH24/30, NRS40/50/60/80 Type, NR10050 Type, NS101/125 Type :  

Measuring equipment : Impedance analyzer/material analyzer（HP4291A or equivalent HP4191A, 4192A or equivalent） 
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7. Temperature characteristic 

Specified Value 

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

NRH24/30, NRS20/40/50/60/80 Type Inductance change : Within ±20% 

NR10050 Type 

NS101, NS125 Type Inductance change : Within ±15% 

Test Methods and 

Remarks 

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℃～＋85℃. 

With reference to inductance value at ＋20℃., change rate shall be calculated. 

 

NS101, NS125 Type :  

Measurement of inductance shall be taken at temperature range within －40℃～＋125℃. 

With reference to inductance value at ＋20℃., change rate shall be calculated. 

Change of maximum inductance deviation in step 1 to 5 

Step Temperature（℃） 

1 20 

2 Minimum operating temperature 

3 20 (Standard temperature) 

4 Maximum operating temperature 

5 20 
 

 

8. Resistance to flexure of substrate 

Specified Value 

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

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

NR10050 Type － 

NS101, NS125 Type No damage 

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. 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  : 100×40×1.0  

Test board material  : glass epoxy-resin  

Solder cream thickness  : 0.10 (NR30, NRS20, NRH24/30, NRV20/30) 

 : 0.15 (NR40/50/60/80, NRS40/50/60, NS101/125Type) 

 

9. Insulation resistance : between wires 

Specified Value 

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

NRH24/30, NRS20/40/50/60/80 Type 
－ 

NR10050 Type 

NS101, NS125 Type 

 

10. Insulation resistance : between wire and core 

Specified Value 

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

NRH24/30, NRS20/40/50/60/80 Type 
－ 

NR10050 Type 

NS101, NS125 Type 

 

11. Withstanding voltage : between wire and core 

Specified Value 

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

NRH24/30, NRS20/40/50/60/80 Type 
－ 

NR10050 Type 

NS101, NS125 Type 
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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 
Shall not come off PC board 

NR10050 Type 

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  : 10N to X and Y directions. 

 

Duration  : 5s. 

Solder cream thickness  : 0.15mm. 

NR10050 Type : 

Applied force  : 5N to X and Y directions. 

Duration  : 5s. 
 

 

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% 

No significant abnormality in appearance. NR10050 Type 

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. 

 

Frequency Range  10～55Hz  

Total Amplitude  1.5mm (May not exceed acceleration 196m/s2)  

Sweeping Method  10Hz to 55Hz to 10Hz for 1min.  

Time 

X 

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

Z 

 

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

NR10050 Type 

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℃ 

Time 5±1.0 sec. 

※Immersion 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% 

No significant abnormality in appearance. NR10050 Type 

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℃ for 40 seconds, with peak temperature at 260±5℃ 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  : glass epoxy-resin 

Test board thickness : 1.6mm 
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16. Thermal shock 

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 

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 (℃) 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 ±10% 

No significant abnormality in appearance. 

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, 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. 

Temperature 60±2℃ 

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 Inductance change : Within ±10% 

No significant abnormality in appearance. NR10050 Type 

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. 

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. 

Temperature 60±2℃ 

Humidity 90～95％RH 

Applied current Rated current 

Time 500＋24/－0 hour 
 

 

19. Low 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 

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. 

Temperature －40±2℃  

Time  500＋24/－0 hour  
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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℃  

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 ±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℃  

Applied current  Rated current  

Time  500＋24/－0 hour  
 

 

22. Standard condition 

Specified Value 

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

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

Standard test condition : 

Unless otherwise specified, temperature is 20±15℃ and 65±20％of 

relative humidity. 

When there is any question concerning measurement result: In order to 

provide correlation data, the test shall be condition of 20±2℃ of 

temperature, 65±5% relative humidity. 

Inductance is in accordance with our measured value. 

NR10050 Type 

NS101, NS125 Type 
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SMD inductor （NR□, NS series） 
 

■PRECAUTIONS 

 

1. Circuit Design 

Precautions 

◆Operating environment 

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 

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

 

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 

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

・ Duration - 3 seconds or less 

・ The soldering iron should not directly touch the inductor. 

Technical 

considerations 

◆Reflow soldering 

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

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) 

 

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. 
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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℃ 

Humidity : Below 70% RH 

・ The ambient temperature must be kept below 30℃. 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. 
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TYPICAL APPLICATIO

U

APPLICATIO  S
U

DESCRIPTIO

U

FEATURES

33   F

SUMIDA
CD54-220M

22µH

LT1111 • TA01

µ

MBRS120T3
5V
100mA

GND SW2

SW1
LIMI INV

LT1111CS8-5

SENSE

3V INPUT

10   F*µ
+

*OPTIONAL

+

Micropower
DC/DC Converter

Adjustable and Fixed 5V, 12V

All Surface Mount 3V to 5V Step-Up Converter
Typical Load Regulation

0

LOAD CURRENT (mA)

0
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 (V

)

2

3

4

5

6

50 100 150 200

LT1111 • TA02

25 75 125 175

VIN = 2V    2.2    2.4      2.6      2.8    3V

■ Operates at Supply Voltages from 2V to 30V
■ Works with Surface Mount Inductors
■ 72kHz Oscillator
■ Only Three External Components Required
■ Step-Up or Step-Down Mode
■ Low-Battery Detector Comparator On-Chip
■ User Adjustable Current Limit
■ Internal 1A Power Switch
■ Fixed or Adjustable Output Voltage Versions
■ Space Saving 8-Pin MiniDIP or SO-8 Package

■ 3V to 5V, 5V to 12V Converters
■ 9V to 5V, 12V to 5V Converters
■ Remote Controls
■ Peripherals and Add-On Cards
■ Battery Backup Supplies
■ Uninterruptible Supplies
■ Laptop and Palmtop Computers
■ Cellular Telephones
■ Portable Instruments
■ Flash Memory VPP Generators

The LT®1111 is a versatile micropower DC/DC converter.
The device requires only three external components to
deliver a fixed output of 5V or 12V. Supply voltage ranges
from 2V to 12V in step-up mode and to 30V in step-down
mode. The LT1111 functions equally well in step-up, step-
down, or inverting applications.

The LT1111 oscillator is set at 72kHz, optimizing the
device to work with off-the-shelf surface mount inductors.
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-
down mode.

Switch current limit can be programmed with a single
resistor. An auxiliary open-collector gain block can be
configured as a low-battery detector, linear post regulator,
undervoltage lock-out circuit, or error amplifier.

For input sources of less than 2V use the LT1110.
, LTC and LT are registered trademarks of Linear Technology Corporation
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ARBSOLUTE XI TI S
Operating Temperature Range

LT1111C...............................................  0°C to 70°C
LT1111I .........................................  – 40°C to 105°C
LT1111M (OBSOLETE) .............  –55°C to 125°C

Storage Temperature Range ................  –65°C to 150°C
Lead Temperature (Soldering, 10 sec).................  300°C

WU U

PACKAGE/ORDER I FOR ATIO

Supply Voltage (VIN) ...............................................  36V
SW1 Pin Voltage (VSW1) .........................................  50V
SW2 Pin Voltage (VSW2) ............................  –0.5V to VIN
Feedback Pin Voltage (LT1111) .............................  5.5V
Switch Current .......................................................  1.5A
Maximum Power Dissipation ............................  500mW

ORDER PART
NUMBER

LT1111CN8
LT1111CN8-5
LT1111CN8-12

ORDER PART
NUMBER

LT1111CS8
LT1111CS8-5
LT1111CS8-12
LT1111IS8

TJMAX = 90°C, θJA = 130°C/W (N)

1

2

3

4

8

7

6

5

TOP VIEW

ILIM

VIN

SW1

SW2

FB (SENSE)*

SET

A0

GND

N8 PACKAGE
8-LEAD PLASTIC DIP

*FIXED VERSIONS

TJMAX = 90°C, θJA = 150°C/W

1

2

3

4

8

7

6

5

TOP VIEW

FB (SENSE)*

SET

A0

GND

ILIM

VIN

SW1

SW2

S8 PACKAGE
8-LEAD PLASTIC SO

*FIXED VERSION

ELECTRICAL C CHARA TERISTICS The ● denotes the specifications which apply over the full operating
temperature range, otherwise specifications are at TA = 25°C.VIN = 3V, Military or Commercial Version

S8 PART MARKING

1111
11115
11111
1111I

(Note 1)

LT1111MJ8
LT1111MJ8-5
LT1111MJ8-12

J8 PACKAGE
8-LEAD CERAMIC DIP

TJMAX = 150°C, θJA = 120°C/W (J)

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

OBSOLETE PACKAGE
Consider the N8 Package for Alternate Source

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

IQ Quiescent Current Switch OFF 300 400 µA

VIN Input Voltage Step-Up Mode ● 2.0 12.6 V
Step-Down Mode ● 30.0 V

Comparator Trip Point Voltage LT1111 (Note 2) ● 1.20 1.25 1.30 V

VOUT Output Sense Voltage LT1111-5 (Note 3 ●   4.75   5.00   5.25 V
LT1111-12 (Note 3) ● 11.40 12.00 12.60 V

Comparator Hysteresis LT1111 ● 8 12.5 mV

Output Hysteresis LT1111-5 ● 32 50 mV
LT1111-12 ● 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 ILIM Tied to VIN 5 7 9 µs
Step-Down Mode VOUT, = 5V, VIN = 12V 3.3 5 7.8 µs

VSAT SW Saturation Voltage, Step-Up Mode VIN = 3.0V, ISW = 650mA 0.5   0.65 V
VIN = 5.0V, ISW = 1A 0.8 1.0 V

SW Saturation Voltage, Step-Down Mode VIN = 12V, ISW = 650mA 1.1 1.5 V



3

LT1111

1111fd

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

IFB Feedback Pin Bias Current LT1111, VFB = 0V ● 70 120 nA

ISET Set Pin Bias Current  VSET = VREF ● 70 300 nA

VOL Gain Block Output Low ISINK = 300µA, VSET = 1.00V ● 0.15 0.4 V

Reference Line Regulation 5V ≤ VIN ≤ 30V ● 0.02 0.075 %/V
2V ≤ VIN ≤ 5V 0.20 0.400 %/V

AV Gain Block Gain RL = 100k (Note 4) ● 1000 6000 V/V

ILIM Current Limit 220Ω from ILIM to VIN 400 mA

Current Limit Temperature Coefficient ● –0.3 %/°C

Switch OFF Leakage Current Measured at SW1 Pin, VSW1 = 12V 1 10 µA

Maximum Excursion Below GND ISW1≤ 10µA, Switch OFF –400 –350 mV

ELECTRICAL C CHARA TERISTICS

LT1111C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

IQ Quiescent Current Switch OFF ● 300 450 µA

fOSC 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 ILIM Tied to VIN ● 5.0 7 9.0 µs
Step-Down Mode VOUT = 5V, VIN = 12V ● 3.3 5 7.8 µs

Reference Line Regulation 2V ≤ VIN ≤ 5V ● 0.2 0.7 %/V

VSAT SW Saturation Voltage, Step-Up Mode VIN = 3V, ISW = 650mA ● 0.5 0.65 V
SW Saturation Voltage, Step-Down Mode VIN = 12V, ISW = 650mA ● 1.1 1.50 V

The ● denotes the specifications which apply over the full operating temperature range, otherwise specifications are at TA = 25°C.
VIN = 3V, 0°C ≤ TA ≤ 70°C unless otherwise noted.

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.

The ● denotes the specifications which apply over the full operating
temperature range, otherwise specifications are at TA = 25°C.VIN = 3V, Military or Commercial Version
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C CHARA TERISTICS

UW

ATYPICAL PERFOR CE
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C CHARA TERISTICS

UW

ATYPICAL PERFOR CE

GND (Pin 5): Ground.
A0 (Pin 6): Auxiliary Gain Block (GB) Output. Open collector,
can sink 300µA.
SET (Pin 7): 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 pin goes to the internal application resistor
that sets output voltage.
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Quiescent Current Quiescent Current vs RLIM

INPUT VOLTAGE (V)

QU
IE

SC
EN

T 
CU

RR
EN

T 
(µ

A)

0

LT1111 • TPC10

3

400

380

360

340

320

280

260

6

240

220

200

300

9 12 15 18 21 24 27 30

TEMPERATURE (°C)

QU
IE

SC
EN

T 
CU

RR
EN

T 
(µ

A)

–50

LT1111 • TPC11

500

450

400

350

250

–25

150

100

200

300

0 25 50 75 100 125

TEMPERATURE (°C)

BI
AS

 C
UR

RE
NT

 (n
A)

–50

LT1111 • TPC14

100

90

80

70

50

–25

30

20

40

60

0 25 50 75 100 125

10

0

ILIM (Pin 1): Connect this pin to VIN for normal use. Where
lower current limit is desired, connect a resistor between
ILIM and VIN. A 220Ω resistor will limit the switch current
to approximately 400mA.
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 VIN.
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.
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Gain block A2 can serve as a low-battery detector. The
negative input of A2 is the 1.25V reference. A resistor
divider from VIN to GND, with the mid-point connected to
the SET pin provides the trip voltage in a low-battery
detector application. AO can sink 300µA (use a 22k
resistor pull-up to 5V).
A resistor connected between the ILIM pin and VIN sets
maximum switch current. When the switch current ex-
ceeds the set value, the switch cycle is prematurely
terminated. If current limit is not used, ILIM should be tied
directly to VIN. Propagation delay through the current limit
circuitry is approximately 1µs.
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 VIN
and the emitter drives the inductor.
The LT1111-5 and 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.

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
output is low, the oscillator and all high current circuitry is
turned off, lowering device quiescent current to just 300µA.
The oscillator is set internally for 7µs ON time and 7µs OFF
time, optimizing the device for circuits where VOUT and VIN
differ by roughly a factor of 2. Examples include a 3V to 5V
step-up converter or a 9V to 5V step-down converter.

W

ID AGRABLOCK S

LT1111 • BD01

INV

GND

SET

A0A2

1.25V
REFERENCE

A1 OSCILLATOR

DRIVER

SW1

SW2

LIMI

GAIN BLOCK/
ERROR AMP

COMPARATOR

+

–

+

–

FB

LT1111-5/LT1111-12LT1111

LT1111 • BD02

INV

GND

SET

A0A2

1.25V
REFERENCE

A1 OSCILLATOR

DRIVER

R1

SW1

SW2

LIMI

R2
220k

SENSE
LT1111-5:

LT1111-12:
R1 = 73.5k
R1 = 25.5k

GAIN BLOCK/
ERROR AMP

COMPARATOR

+

–

+

–

OPERATIO
U
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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 0.4Ω (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:

P V V V IL OUT D IN MIN OUT= +( ) ( )– ( )1

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

U

SA

O

PPLICATI

WU U

I FOR ATIO

P fL OSC/ ( )2

in order for the converter to regulate the output.

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

I t
V
R

eL
IN

R t
L( ) – ( )

–

=
′













′

1 3

where R′ is the sum of the switch equivalent resistance
(0.8Ω typical at 25°C) and the inductor DC resistance.
When the drop across the switch is small compared to VIN,
the simple lossless equation:

I t
V
L

tL
IN( ) = ( )4

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 7µs) will yield IPEAK for a specific
“L” and VIN. Once IPEAK is known, energy in the inductor
at the end of the switch-on time can be calculated as:

E LIL PEAK= 1
2

52 ( )

EL must be greater than PL/fOSC for the converter to deliver
the required power. For best efficiency IPEAK 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),

P V V V mA mWL = +( )( ) =12 0 5 4 5 60 480 6. – . ( )

Energy required from the inductor is
P

f
mW
kHz

JL

OSC
= =480

72
6 7 7. ( )µ



8

LT1111

1111fd

U

SA

O

PPLICATI

WU U

I FOR ATIO
VD = diode drop (0.5V for a 1N5818)
IOUT = output current
VOUT = output voltage
VIN = minimum input voltage

VSW is actually a function of switch current which is in turn
a function of VIN, L, time, and VOUT. To simplify, 1.5V can
be used for VSW as a very conservative value.

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

L
V V V

I
tIN MIN SW OUT

PEAK
ON=

− −
• ( )11

where tON = switch-on time (7µs).

Next, the current limit resistor RLIM is selected to give
IPEAK from the RLIM Step-Down Mode curve. The addition
of this resistor keeps maximum switch current constant as
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),

I
mA

mAPEAK =
( ) +

+













=
2 300

0 50
5 0 5

12 1 5 0 5
600 12

.
.

– . .
( )

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

L
mA

s H= =
12 1 5 5

600
7 64 13

– . –
. ( )µ µ

Use the next lowest standard value (56µH).

Then pick RLIM from the curve. For IPEAK = 600mA, RLIM
= 56Ω.

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,

PL = (VOUT+ VD)(IOUT) (14)

In this mode the switch is arranged in common collector
or step-down mode. The switch drop can be modeled as
a 0.75V source in series with a 0.65Ω resistor. When the

Picking an inductor value of 47µH with 0.2Ω DCR results
in a peak switch current of:

I
V

e mAPEAK

s

H=












 =4 5

1 0
1 623 8

1 0 7

47.
.

– . ( )
– . •

Ω

Ω µ
µ

Substituting IPEAK into Equation 4 results in:

E H A JL = ( ) ( ) =1
2

47 0 623 9 1 92µ µ. . ( )

Since 9.1µJ > 6.7µJ, the 47µH 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.

A resistor can be added in series with the ILIM pin to invoke
switch current limit. The resistor should be picked so the
calculated IPEAK at minimum VIN is equal to the Maximum
Switch Current (from Typical Performance Characteristic
curves). Then, as VIN 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 ILIM pin is the key to
successful operation over varying inputs.

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

I
I
DC

V V
V V V

PEAK
OUT OUT D

IN SW D
=

+
+













2
10

–
( )

where DC = duty cycle (0.50)
VSW = switch drop in step-down mode
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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 OS-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 of an
LT1111 based converter with three 100µF capacitors. The
peak switch current is 500mA in all cases. Figure 1 shows
a Sprague 501D, 25V aluminum capacitor. VOUT 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 0.24Ω. 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 0.07Ω.
Figure 3 shows the circuit with a 16V OS-CON unit. ESR
is now only 0.02Ω.

U

SA

O

PPLICATI

WU U

I FOR ATIO
switch closes, current in the inductor builds according to

I t
V
R

eL
L

R t
L( ) =

′













′

1 15– ( )
–

where R′ = 0.65Ω + DCRL
VL = VIN – 0.75V

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

PL = (-5V+0.5V)(50mA) = 275mW (16)

Energy required from the inductor is:

P
f

mW
kHz

JL

OSC
= =275

72
3 8 17. . ( )µ

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

I
V V

e mAPEAK

s

H=
( )

+( )












 =

×4 5 0 75

0 65 0 2
1 445

0 85 7

56
. – .

. .
– .

– .

Ω Ω

Ω µ
µ

Substituting IPEAK into Equation (4) results in:

E H A JL = ( ) ( ) =1
2

56 0 445 5 54 192µ µ. . . ( )

Since 5.54µJ > 3.82µJ, the 56µH inductor will work.

With this relatively small input range, RLIM is not usually
necessary and the ILIM pin can be tied directly to VIN. As in
the step-down case, peak switch current should be limited
to ~650mA.

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

50
m

V/
DI

V

5µs/DIV
LT1111 • F01

Figure 1. Aluminum

50
m

V/
DI

V

5µs/DIV
LT1111 • F02

Figure 2. Tantalum

50
m

V/
DI

V

5µs/DIV
LT1111 • F01

Figure 3. OS-CON

(18)
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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 10µs to 50µs 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 4µA to 10µA 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 current in the 1nA to
5nA range at 25°C and lower cost than a 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 DC/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 VIN –
VCESAT to appear across L1. A current then builds up in L1.

At the end of the switch ON time the current in L1 is1:

I
V

L
tPEAK

IN
ON= ( )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 VOUT + VD, the
inductor current flows through D1 into C1, increasing
VOUT. This action is repeated as needed by the LT1111 to
keep VFB at the internal reference voltage of 1.25V. R1 and
R2 set the output voltage according to the formula

V
R
R

VOUT = +






( )1

2
1

1 25 21. ( )

Step-Down (Buck Mode) Operation

A step-down DC/DC converter converts a higher voltage
to a lower voltage. The usual hookup for an LT1111 based
step-down converter is shown in Figure 5.

L1

LT1111 • F04

GND SW2

SW1
LIMI INV

D1

R3*

LT1111

VOUT

R2

R1

C1

*OPTIONAL

VIN

FB
+

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

Note 1: This simple expression neglects the effect of switch and coil
resistance. This is taken into account in the “Inductor Selection” section.

When the switch turns on, SW2 pulls up to VIN – VSW. This
puts a voltage across L1 equal to VIN – VSW – VOUT,
causing a current to build up in L1. At the end of the switch
ON time, the current in L1 is equal to:

I
V V V

L
tPEAK

IN SW OUT
ON=

− −
( )22

LT1111 • F05

GND
SW2

SW1LIMI INV

R3
100

FB

VOUT

C2

C1
D1
1N5818

VIN

R2

R1

L1

Ω

LT1111

+

+

Figure 5. Step-Down Mode Hookup
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Figure 6. Q1 Permits Higher Current Switching.
LT1111 Functions as Controller.

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. A silicon diode such as the 1N4933 will allow
SW2 to go to –0.8V, causing potentially destructive power
dissipation inside the LT1111. Output voltage is deter-
mined by:

V
R
R

VOUT = +






( )1

2
1

1 25 23. ( )

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 for a fixed time each
cycle. Under certain conditions the current in L1 can build
up to excessive levels, exceeding the switch rating and/or
saturating the inductor. The 100Ω 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).

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 VBE, the switch turns off. For temperature com-
pensation a Schottky diode can be inserted in series with
the ILIM pin. This also lowers the maximum drop across R1
to VBE – VD, 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 VSW:

V V V VSW R Q SAT= + ≈1 1 1 0 24. ( )

R2 provides a current path to turn off Q1. R3 provides base
drive to Q1. R4 and R5 set output voltage. A PMOS FET can
be used in place of Q1 when VIN is between 10V and 20V.

LT1111 • TA08

D1
1N5821

VOUT

VIN
30V

MAX

L1
R1

0.3Ω

R2
220

Q1
MJE210 OR

ZETEX ZTX749

R3
330

R4

R5

C1

VOUT = 1.25V (1 +     ) R4
R5

C2
+ +

LT1111

GND SW2

SW1

VIN IL

FB

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.

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 VOUTshould be less than 6.2V. More negative out-
put voltages can be accommodated as in the prior section.

LT1111 • F07

–VOUT

C2

C1
D1
1N5818

VIN

R1

R2

L1

GND
SW2

SW1LIMI INV

R3

FB

LT1111

+

+

Figure 7. Positive-to-Negative Converter
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L1

LT1111 • F08

GND SW2
FB

SW1
LIMI INV

D1

A0

VOUT

R2
VOUT =            1.25V + 0.6V (   )R1

R2

R1

2N3906

–VIN

C1

LT1111C2

+

+

Figure 8. Negative-to-Positive Converter

Using the ILIM 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 VIN 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 ILIM” characteristic), the switch
current will be limited to 800mA, even if the input voltage
increases.

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

V V

V V DC
OUT DIODE

IN SW

+

−
<

−
1

1
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 in the
inductor just prior to switch turn-on. As shown in Figure
9, the inductor current increases to a 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 ILIM feature,
however, the switch current turns off at a programmed
level as shown in Figure 10, keeping output ripple to a
minimum.

LT1111 • F09

I

OFF

L

ON
SWITCH

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

LT1111 • F10

I

ON

L

OFF
SWITCH

PROGRAMMED CURRENT LIMIT

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 that approximately 0.5% of Q2’s
collector current flows in Q1’s collector. This current is
passed through internal 80Ω resistor R1 and out through
the ILIM pin. The value of the external resistor connected
between ILIM and VIN sets the current limit. When suffi-
cient switch current flows to develop a VBE across R1 +
RLIM, Q3 turns on and injects current into the oscillator,
turning off the switch. Delay through this circuitry is
approximately 1µs. The current trip point becomes less
accurate for switch ON times less than 3µs. Resistor
values programming switch ON time for 1µs or less will
cause spurious response in the switch circuitry although
the device will still maintain output regulation.

LT1111 • F11

SW2

SW1
DRIVER

OSCILLATOR

VIN

ILIM

R1
80Ω
(INTERNAL)

RLIM
(EXTERNAL)

Q1 Q2

Q3

Figure 11. LT1111 Current Limit Circuitry
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Table 2. Inductor Manufacturers
MANUFACTURER PART NUMBERS
Coiltronics Incorporated CTX100-4 Series
6000 Park of Commerce Blvd. Surface Mount
Boca Raton, FL 33487
407-241-7876
Toko America Incorporated Type 8RBS
1250 Feehanville Drive
Mount Prospect, IL 60056
312-297-0070
Sumida Electric Co. USA CD54
708-956-0666 CDR74

CDR105
Surface Mount

Using the Gain Block

The gain block (GB) on the LT1111 can be used as an error
amplifier, low-battery detector or linear post regulator.
The gain block itself is a very simple PNP input op amp with
an open collector NPN output. The negative input of the
gain block is tied internally to the 1.25V reference. The
positive input comes out on the SET pin.

Arrangement of the gain block as a low-battery detector
is straightforward. Figure 12 shows hookup. R1 and R2
need only be low enough in value so that the bias current
of the SET input does not cause large errors. 33k for R2
is adequate. R3 can be added to introduce a small amount
of hysteresis. This will cause the gain block to “snap”

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.

Table 3. Capacitor Manufacturers
MANUFACTURER PART NUMBERS
Sanyo Video Components OS-CON Series
1201 Sanyo Avenue
San Diego, CA 92073
619-661-6322
Nichicon America Corporation PL Series
927 East State Parkway
Schaumberg, IL 60173
708-843-7500
Sprague Electric Company 150D Solid Tantalums
Lower Main Street 550D Tantalex
Sanford, ME 04073
207-324-4140
Matsuo 267 Series
714-969-2491 Surface Mount

LT1111 • F12

VBAT

R1

R2

1.25V
REF

SET

GND

INVLT1111 47k

5V

TO 
PROCESSOR

+

–
A0

R3

R1 = 
VLB – 1.25V

35.1µA
VLB = BATTERY TRIP POINT
R2 = 33k
R3 = 1.6M

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
2 to 3.1 5 90mA 4 15µH S CD75-750K 33µF *
2 to 3.1 5 10mA 4 47µH S CD54-470K, C CTX50-1 10µF
2 to 3.1 12 30mA 4 15µH S CD75-150K 22µF
2 to 3.1 12 10mA 4 47µH S CD54-470K, C CTX50-1 10µF

5 12 90mA 4 33µH S CD75-330K 22µF
5 12 30mA 4 47µH S CD75-470K, C CTX50-1 15µF

6.5 to 11 5 50mA 5 15µH S CD54-150K 47µF **
12 to 20 5 300mA 5 56µH S CD105-560K, C CTX50-4 47µF **
20 to 30 5 300mA 5 120µH S CD105-121K, C CTX100-4 47µF **

5 –5 75mA 6 56µH S CD75-560K, C CTX50-4 47µF
12 –5 250mA 6 120µH S CD105-121K, C CTX100-4 100µF **

S = Sumida
C = Coiltronics

* Add 47Ω from ILIM to VIN
** Add 220Ω from ILIM to VIN
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U

SA

O

PPLICATITYPICAL
3V to –22V LCD Bias Generator

9V to 5V Step-Down Converter 20V to 5V Step-Down Converter

LT1111 • TA03

LIMI

GND

R1
100Ω

LT1111

MBRS130T3

4.7µF

L1*
27µH

–22V OUTPUT
7mA AT 2V INPUT

* L1 = SUMIDA CD54-270K
FOR 5V INPUT CHANGE R1 TO 47Ω.
CONVERTER WILL DELIVER –22V AT 40mA.

2 × 1.5V
CELLS 3V

FB

22µF 220k

0.1µF

1N4148

39.2k
1%

732k
1%

MBRS130T3

+

+

INV

SW2

SW1

LT1111 • TA04

LIMI

SENSE

GND

100

9V
BATTERY LT1111-5

MBRS130T3 22µF

L1*
15µH

Ω

5V OUTPUT
150mA AT 9V INPUT
50mA AT 6.5V INPUT

* L1 =  SUMIDA CD54-150K

INV

SW2

SW1

+

LT1111 • TA06

100

MBRS130T3 47µF

L1*
68µH

Ω

5V OUTPUT
300mA 

* L1 =  SUMIDA CD74-680M

VIN
12V TO 28V

+

INV

SW2

SW1
LIMI

SENSE

GND

LT1111-5

5V to –5V Converter

LT1111 • TA05

100

MBRS130T3

33µF

L1*
33µH

Ω

–5V OUTPUT
75mA 

22µF

VIN
5V INPUT

* L1 = SUMIDA CD54-330K

+

+
INV

SW2

SW1
LIMI

SENSE

GND

LT1111-5

Voltage Controlled Positive-to-Negative Converter

LT1111 • TA07

220Ω

* L1 =  COILTRONICS CTX20-4
† ZETEX INC. 516-543-7100

VIN
5V TO 12V

BAT54

220Ω

L1*
20µH, 3A

–

+

INV

LT1006

47µF

39k
200k

–VOUT = –5.13 × VC
2W MAXIMUM OUTPUT

VC (0V TO 5V)

0.22Ω

MBRD320

ZETEX†

ZTX788A

FB

GND

LT1111

INV

SW2

SW1
LIMI

+
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Information furnished by Linear Technology Corporation is believed to be accurate and reliable. However,
no responsibility is assumed for its use. Linear Technology Corporation makes no representation that
the interconnection of its circuits as described herein will not infringe on existing patent rights.

S8 Package
8-Lead Plastic Small Outline (Narrow .150 Inch)

(Reference LTC DWG # 05-08-1610)

N8 Package
8-Lead PDIP (Narrow .300 Inch)
(Reference LTC DWG # 05-08-1510)

J8 Package
8-Lead CERDIP (Narrow .300 Inch, Hermetic)

(Reference LTC DWG # 05-08-1110)

U

PACKAGE DESCRIPTIO

J8 1298

0.014 – 0.026
(0.360 – 0.660)

0.015 – 0.060
(0.381 – 1.524)

0.125
3.175
MIN

0.100
(2.54)
BSC

0.300 BSC
(0.762 BSC)

0.008 – 0.018
(0.203 – 0.457)

0° – 15°

0.045 – 0.065
(1.143 – 1.651)

0.045 – 0.068
(1.143 – 1.727)

FULL LEAD
OPTION

0.023 – 0.045
(0.584 – 1.143)

HALF LEAD
OPTION

CORNER LEADS OPTION 
(4 PLCS)

0.200
(5.080)

MAX

0.005
(0.127)

MIN

0.405
(10.287)

MAX

0.220 – 0.310
(5.588 – 7.874)

1 2 3 4

8 7 6 5

0.025
(0.635)

RAD TYP

NOTE: LEAD DIMENSIONS APPLY TO SOLDER 
DIP/PLATE OR TIN PLATE LEADS

N8 1098

0.100
(2.54)
BSC

0.065
(1.651)

TYP

0.045 – 0.065
(1.143 – 1.651)

0.130 ± 0.005
(3.302 ± 0.127)

0.020
(0.508)

MIN0.018 ± 0.003
(0.457 ± 0.076)

0.125
(3.175)

MIN 1 2 3 4

8 7 6 5

  0.255 ± 0.015*
(6.477 ± 0.381)

  0.400*
(10.160)

MAX

0.009 – 0.015
(0.229 – 0.381)

0.300 – 0.325
(7.620 – 8.255)

0.325
+0.035
–0.015
+0.889
–0.3818.255( )

*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
  MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm)

0.016 – 0.050
(0.406 – 1.270)

0.010 – 0.020
(0.254 – 0.508)

× 45°

0°– 8° TYP
0.008 – 0.010

(0.203 – 0.254)

SO8 1298

0.053 – 0.069
(1.346 – 1.752)

0.014 – 0.019
(0.355 – 0.483)

TYP

0.004 – 0.010
(0.101 – 0.254)

0.050
(1.270)

BSC

1 2 3 4

    0.150 – 0.157**
(3.810 – 3.988)

8 7 6 5

  0.189 – 0.197*
(4.801 – 5.004)

0.228 – 0.244
(5.791 – 6.197)

DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH 
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE
DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD 
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE

*

**

OBSOLETE PACKAGE
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Linear Technology Corporation
1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 ● FAX: (408) 434-0507  ●  www.linear.com  LINEAR TECHNOLOGY CORPORATION 1994

LT/TP 0103 1K REV D • PRINTED IN USA

RELATED PARTS

U

SA

O

PPLICATITYPICAL

LT1111 • TA20

VIN
8V TO 18V

BAT54

L1*
10µH, 3A

220µF

5V
500mA

0.22Ω

51Ω2k

1N4148

40.2k

121k

OPERATE   STANDBY

MTM20P08

MBRD320

* L1 = SUMIDA CDR105-100M

2N3904

LIMI

FB

GND

LT1111

INV

SW1

SW2

+

High Power, Low Quiescent Current Step-Down Converter

PART NUMBER DESCRIPTION COMMENTS

LT1070/LT1070HV 5A ISW, 40kHz, High Efficiency VIN = 3V to 40V/60V, VOUT = 65V/75V, IQ = 6mA, ISD = <50µA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, TO220-5 Package

LT1071/LT1071HV 2.5A ISW, 40kHz, High Efficiency VIN = 3V to 40V/60V, VOUT = 65V/75V, IQ = 6mA, ISD = <50µA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, N8, S8, S16, TO220-5 Packages

LT1072/LT1072HV 1.25A ISW, 40kHz, High Efficiency VIN = 3V to 40V/60V, VOUT = 65V/75V, IQ = 6mA, ISD = <50µA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, N8, S8, S16, TO220-5 Packages

LT1082 1A ISW, 60kHz, High Efficiency VIN = 3V to 75V, VOUT = 100V, IQ = 4.5mA, ISD = ≤120µA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, DD, N8, TO220-5 Packages

LT1107 1A ISW, 63kHz, High Efficiency VIN = 2V to 30V, VOUT = 34V, IQ = 320µA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, N8, S8 Packages

LT1170/LT1170HV 5A ISW, 100kHz, High Efficiency VIN = 3V to 40V/60V, VOUT = 65V/75V, IQ = 6mA, ISD = <50µA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, DD, N8, S16, TO220-5 Packages

LT1171/LT1171HV 2.5A ISW, 100kHz, High Efficiency VIN = 3V to 40V/60V, VOUT = 65V/75V, IQ = 6mA, ISD = <50µA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, DD, N8, S16, TO220-5 Packages

LT1172/LT1172HV 1.25A ISW, 100kHz, High Efficiency VIN = 3V to 40V/60V, VOUT = 65V/75V, IQ = 6mA, ISD = <100µA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, DD, N8, S16, TO220-5 Packages

LT1307/LT1307B 600mA ISW, 600kHz, High Efficiency VIN = 1V to 12V, VOUT = 28V, IQ = 50µA/1mA, ISD = ≤1µA
Step-Up Switching Regulator Ideal for Single Cell Applications, Low Battery Detect, MS8, N8, S8 Packages

LT1317/LT1317B 660mA ISW, 600kHz, High Efficiency VIN = 1.5V to 12V, VOUT = 28V, IQ = 100µA/4.8mA, ISD = ≤30µA/28µA
Step-Up Switching Regulator Low Battery Detect, MS8, S8 Packages

LT1370/LT1370HV 6A ISW, 500kHz, High Efficiency VIN = 2.7V to 30V, VOUT = 35V/42V, IQ = 4.5mA, ISD = <12µA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, DD, TO220-7 Packages

LT1371/LT1371HV 3A ISW, 500kHz, High Efficiency VIN = 2.7V to 30V, VOUT = 35V/42V, IQ = 4mA, ISD = <12µA, Can be Used for
Switching Regulator Buck, Boost, Inverting Applications, DD, S20, TO220-7 Packages



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. 

http://www.atmel.com/dyn/resources/prod_documents/doc2549.PDF


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

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 I/O 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

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. 

• 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. 
• 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). 

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: 

• 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 . 

• 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. 

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

• 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. 

• I2C: 20 (SDA) and 21 (SCL). Support I2C (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. 

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


The Arduino Mega2560 has a number of facilities for communicating with a computer, another Arduino, or 
other microcontrollers. The ATmega2560 provides four hardware UARTs 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 I2C (TWI) and SPI communication. The Arduino software includes a Wire 
library to simplify use of the I2C bus; see the documentation on the Wiring website for details. To use the SPI 
communication, please see the ATmega2560 datasheet. 

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. 

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


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. 

 

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. 

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 I2C is not located on the same pins on the 
Mega (20 and 21) as the Duemilanove / Diecimila (analog inputs 4 and 5). 

http://www.arduino.cc/cgi-bin/yabb2/YaBB.pl?num=1213719666/all


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

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

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

File>Sketchbook>
Arduino-0017>Examples>
Digital>Blink

Once you have your skecth you’ll 
see something very close to the 
screenshot on the right. 

In Tools>Board select MEGA

Now you have to go to
Tools>SerialPort 
and select the right serial port, the 
one arduino is attached to.

http://arduino.cc/en/Guide/HomePage
http://www.processing.org/
http://wiring.org.co/
http://arduino.cc/en/Reference/HomePage




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     If any  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 Arduino 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. Arduino 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 Arduino 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.

The producer of Arduino  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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PIJ301

PIU10T4

PIJ300

PIU10T3

PIJ2019
PIJ2017

PIJ2015

PIJ400

PIR7602

PIU10G15

PIJ2013
PIU10J14PIJ2011

PIU10G16
PIJ209

PIRA1706

PIU10H15

PIJ207

PIRA1708

PIU10G17

PIJ205

PIRA1707

PIU10J16

PIJ203

PIRA1705

PIJ1016PIR4201PIJ1015

PIR4501

PIU2031

PIJ1014PIR4301PIJ1013

PIR4601

PIU2030

PIJ1011

PIJ105

PID402
PIR8701

PID202
PIR7801

PIC6201

PIU208

PIY101 PIC6101
PIU209

PIY102

PIC6002

PIU10P1

PIY201

PIC5902

PIU10N1

PIY202

PIC5502PIR6702

PIC5202PIR6602

PIC4401PIU804

PIC4301 PIL501PIU805

PIC4102

PIR6302PIR6401PIU7010

PIC3902

PIU704

PIC3901

PIU703

PIC3802

PIU706

PIC3801

PIU708

PIC3502

PIR6102
PIR6201

PIU6010

PIC3302

PIU604

PIC3301

PIU603

PIC3202

PIU606

PIC3201

PIU608

PIC1501
PID101 PIR5001

PIU2032PIC1001 PIC1101

PIU202PIC301 PIC801 PIC901PIL102 PIU203

PIU10D3

PIU4018 PIU5018
NLRAS

PIJ106

PIU204

NLRXM

PIJ104

PIU205

NLRXP

PIJ1010

PIU206

NLTXM
PIJ1012

PIU207

NLTXP

PIC6502

PIJ405

PIJ701 PIU1001

PIU10F2

PIU4016 PIU5016
NLWE

POAREF

POCONFIG0

POHDMA

POHDMB

POHDPA

POHDPB
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� Low Supply Voltage . . . 1.8 V to 3.6 V

� Very Low Supply Current . . . 20 µA (per
channel)

� Ultralow Power Shut-Down Mode
−  IDD(SHDN) = 10 nA/Channel

� CMOS Rail-to-Rail Input/Output

� Input Common-Mode Voltage
Range . . .  −0.2 V to VDD + 0.2 V

� Input Offset Voltage . . . 550 µV

� Wide Bandwidth . . . 500 kHz

� Slew Rate . . . 0.20 V/µs

� Specified Temperature Range:
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
     

description

The TLV276x single supply operational amplifiers provide 500 kHz bandwidth from only 20 µA 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
VDD
(V)

VIO
(µV)

IDD/Ch
(µA)

IIB
(pA )

GBW
(MHz)

SR
(V/µs)

Vn,1kHz
(nV/√Hz)

IO
(mA)

SHUT-
DOWN

RAIL-TO-
RAIL

TLV224x 2.5 − 12 600 1 100 0.0055 0.002 NA 0.2 — I/O

TLV2211 2.7 − 10 450 13 1 0.065 0.025 21 0.4 — O

TLV276x 1.8 − 3.6 550 20 3 0.5 0.23 95 5 Y I/O

TLV245x(A) 2.7 − 6 20 23 500 0.22 0.11 49 2.5 Y I/O

TLV246x(A) 2.7 − 6 150 550 1300 6.4 1.6 11 25 Y I/O

TLV278x(A) 1.8 − 3.6 250 650 2.5 8 5 18 10 Y I/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.

���!������ !��� "#$%&'()"%# "* +,&&-#) (* %$ .,/0"+()"%# 1()-�
�&%1,+)* +%#$%&' )% *.-+"$"+()"%#* .-& )2- )-&'* %$ �-3(* �#*)&,'-#)*
*)(#1(&1 4(&&(#)5� �&%1,+)"%# .&%+-**"#6 1%-* #%) #-+-**(&"05 "#+0,1-
)-*)"#6 %$ (00 .(&('-)-&*�

Copyright  2000−2005, Texas Instruments Incorporated
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TLV2760 and TLV2761 AVAILABLE OPTIONS (1)

V max
PACKAGED DEVICES

TA
VIOmax
AT 25°C SMALL OUTLINE

†
SOT-23 PLASTIC DIPTA IO

AT 25°C SMALL OUTLINE
(D)† (DBV)‡ SYMBOL

PLASTIC DIP
(P)

0°C to 70°C 3500 µV
TLV2760CD
TLV2761CD

—
—

—
—

—
—

−40°C to 85°C 3500 µV
TLV2760ID
TLV2761ID

TLV2760IDBV
TLV2761IDBV

VANI
VAXI

TLV2760IP
TLV2761IP

† 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
AT 25°C

SMALL
OUTLINE

MSOP PLASTIC
DIP

PLASTIC
DIP

TA IO
AT 25°C OUTLINE

(D)† DGK† SYMBOL DGS† SYMBOL
DIP
(N)

DIP
(P)

0°C to 70°C 3500 µV
TLV2762CD
TLV2763CD

—
—

—
—

—
—

—
—

—
—

—
—

−40°C to 85°C 3500 µV
TLV2762ID
TLV2763ID

TLV2762IDGK
—

xxTIAJP
—

—
TLV2763IDGS

—
xxTIAJR

—
TLV2763IN

TLV2762IP
—

† 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)

VIOmax
PACKAGED DEVICES

TA
VIOmax
AT 25°C SMALL OUTLINE

(D)†
PLASTIC DIP

(N)
TSSOP
(PW)†

0°C to 70°C 3500 µV
TLV2764CD
TLV2765CD

—
—

—
—

−40°C to 85°C 3500 µV
TLV2764ID
TLV2765ID

TLV2764IN
TLV2765IN

TLV2764IPW
TLV2765IPW

† 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 TI website
at www.ti.com.
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TLV276x PACKAGE PINOUTS

3

2

4

5

(TOP VIEW)

1OUT

GND

IN+

VDD

IN−

TLV2761
DBV PACKAGE

3

2

4

6

(TOP VIEW)

1OUT

GND

IN+

VDD

IN−

TLV2760
DBV PACKAGE

5 SHDN

NC − No internal connection

1

2

3

4

8

7

6

5

1OUT
1IN−
1IN+
GND

VDD
2OUT
2IN−
2IN+

TLV2762
D, DGK, OR P PACKAGE

(TOP VIEW)

1

2

3

4

8

7

6

5

NC
IN−
IN+

GND

SHDN
VDD
OUT
NC

TLV2760
D OR P PACKAGE

(TOP VIEW)

1

2

3

4

8

7

6

5

NC
IN−
IN+

GND

NC
VDD
OUT
NC

TLV2761
D OR P PACKAGE

(TOP VIEW)

1

2

3

4 

5

6

7

14

13

12

11

10

9

8

1OUT
1IN−
1IN+
GND

NC
1SHDN

NC

VDD
2OUT
2IN−
2IN+
NC
2SHDN
NC

(TOP VIEW)

TLV2763
D OR N PACKAGE

1

2

3

4 

5

6

7

14

13

12

11

10

9

8

1OUT
1IN−
1IN+
VDD
2IN+
2IN−

2OUT

4OUT
4IN−
4IN+
GND
3IN+
3IN−
3OUT

(TOP VIEW)

TLV2764
D, N, OR PW PACKAGE

1

2

3

4 

5

6

7

8

16

15

14

13

12

11

10

9

1OUT
1IN−
1IN+
VDD
2IN+
2IN−

2OUT
1/2SHDN

4OUT
4IN−
4IN+
GND
3IN+
3IN−
3OUT
3/4SHDN

(TOP VIEW)

TLV2765
D, N, OR PW PACKAGE

1

2

3

4

5

10

9

8

7

6

1OUT
1IN−
1IN+
GND

1SHDN

VDD
2OUT
2IN−
2IN+
2SHDN

TLV2763
DGS PACKAGE

(TOP VIEW)
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) †

Supply voltage, VDD (see Note 1) 4 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Differential input voltage range, VID ±VDD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Input current range, II ±10 mA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Output current range, IO ±10 mA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Continuous total power dissipation See Dissipation Rating Table. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Operating free-air temperature range, TA: C-suffix 0°C to 70°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

I-suffix −40°C to 85°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Maximum junction temperature, TJ 150°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Storage temperature range, Tstg −65°C to 150°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

† 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 may affect device reliability.

NOTE 1: All voltage values, except differential voltages, are with respect to GND

DISSIPATION RATING TABLE

PACKAGE
ΘJC ΘJA TA ≤ 25°C TA = 85°C

PACKAGE
ΘJC

(°C/W)

ΘJA
(°C/W)

TA ≤ 25 C
POWER RATING

TA = 85 C
POWER RATING

D (8) 38.3 176 710 mW 369 mW

D (14) 26.9 122 1022 mW 531 mW

D (16) 25.7 114 1090 mW 567 mW

DBV (5) 55 324 385 mW 201 mW

DBV (6) 55 294 425 mW 221 mW

DGK(8) 54.2 260 481 mW 250 mW

DGS(10) 54.1 258 485 mW 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

Supply voltage, VDD
Single supply 1.8 3.6

VSupply voltage, VDD Split supply ±0.8 ±1.8
V

Common-mode input voltage range, VICR −0.2 VDD+0.2 V

Operating free-air temperature, TA
C-suffix 0 70

°COperating free-air temperature, TA
I-suffix −40 85

°C

VIH
VDD < 2.7 V 0.75 VDD

Shutdown on/off voltage level (see Note 2)
VIH

VDD = 2.7 to 3.6 V 2 VShutdown on/off voltage level (see Note 2)

VIL 0.6

V

NOTE 2: Relative to GND
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electrical characteristics at recommended operating conditions, V DD = 1.8 V, 2.4 V (unless
otherwise noted)

dc performance
PARAMETER TEST CONDITIONS TA† MIN TYP MAX UNIT

VIO Input offset voltage
VIC = VDD/2, 
V  = V /2, TLV276x

25°C 550 3500
VVIO Input offset voltage

IC DD
VO = VDD/2,
RL = 300 kΩ

TLV276x
Full range 6800

µV

αVIO Offset voltage drift
RL = 300 kΩ,
RS = 50 Ω 9 µV/°C

VDD = 1.8 V
25°C 50 70

dBVDD = 1.8 V
Full range 48

dB

VICR = 0 V to VDD,
VDD = 2.4 V

25°C 53 72 dB

CMRR Common-mode rejection ratio

VICR = 0 V to VDD,
RS = 50 Ω VDD = 2.4 V

Full range 50 dB
CMRR Common-mode rejection ratio

S

VDD = 3.6 V
25°C 55 76

dBVDD = 3.6 V
Full range 55

dB

VICR = 1.2 V to VDD,
VDD = 2.4 V, 3.6 V

25°C 63 82
dB

VICR = 1.2 V to VDD,
RS = 50 Ω VDD = 2.4 V, 3.6 V

Full range 60
dB

VDD = 1.8 V
25°C 20 60

VDD = 1.8 V
Full range 18

V/mV

AVD
Large-signal differential voltage RL = 10 kΩ,

VDD = 2.4 V
25°C 28 78

V/mV

AVD
Large-signal differential voltage 
amplification

RL = 10 kΩ,
VO(PP) = VDD/2 VDD = 2.4 V

Full range 23amplification VO(PP) = VDD/2

VDD = 3.6 V
25°C 45 120

V/mVVDD = 3.6 V
Full range 37

V/mV

† 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 TA† MIN TYP MAX UNIT

25°C 3 15

IIO Input offset current VIC = VDD/2, TLV276xC Full range 100 pAIIO Input offset current VIC = VDD/2, 
VO = VDD/2, TLV276xI Full range 200

pA

VO = VDD/2,
RL = 300 kΩ,
R  = 50 

25°C 3 15

IIB Input bias current

RL = 300 k
RS = 50 Ω TLV276xC Full range 100 pAIIB Input bias current

TLV276xI Full range 200

pA

ri(d) Differential input resistance 25°C 1000 GΩ

ci(c) Common-mode input capacitance f = 16 kHz 25°C 10 pF
† 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 DD = 1.8 V, 2.4 V (unless
otherwise noted) (continued)

output characteristics
PARAMETER TEST CONDITIONS TA† MIN TYP MAX UNIT

VDD = 1.8V
25°C 1.77 1.79

VDD = 1.8V
Full range 1.76

VIC = VDD/2,
VDD = 2.4V

25°C 2.38 2.39VIC = VDD/2,
IOH = −100 µA VDD = 2.4V

Full range 2.37IOH = −100 µA

VDD = 3.6V
25°C 3.58 3.59

VOH High-level output voltage

VDD = 3.6V
Full range 3.57

VVOH High-level output voltage

VDD = 1.8V
25°C 1.725 1.75

V

VDD = 1.8V
Full range 1.7

VIC = VDD/2,
VDD = 2.4V

25°C 2.325 2.35VIC = VDD/2,
IOH = −500 µA VDD = 2.4V

Full range 2.3IOH = −500 µA

VDD = 3.6V
25°C 3.525 3.55

VDD = 3.6V
Full range 3.5

VIC = VDD/2, IOL = 100 A
25°C 10 20

VOL Low-level output voltage

VIC = VDD/2, IOL = 100 µA
Full range 30

mVVOL Low-level output voltage

VIC = VDD/2, IOL = 500 A
25°C 50 75

mV

VIC = VDD/2, IOL = 500 µA
Full range 100

VDD = 1.8 V, Positive rail
25°C

4.8

IO Output current

VDD = 1.8 V,
VO = 0.5 V from Negative rail

25°C
7.2

mAIO Output current
VDD = 2.4 V, Positive rail

25°C
7.3

mA
VDD = 2.4 V,
VO = 0.5 V from Negative rail

25°C
10.2

VDD = 1.8 V
Sourcing

25°C
7

IOS Short-circuit output current

VDD = 1.8 V
Sinking

25°C
10

mAIOS Short-circuit output current

VDD = 2.4 V
Sourcing

25°C
15

mA

VDD = 2.4 V
Sinking

25°C
19

† 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 DD = 1.8 V, 2.4 V, 3.6 V (unless otherwise noted)
PARAMETER TEST CONDITIONS TA† MIN TYP MAX UNIT

IDD Supply current (per channel) VO = VDD/2, SHDN = V
25°C 20 28

AIDD Supply current (per channel) VO = VDD/2, SHDN = VDD Full range 30
µA

VDD = 1.8 V to 2.4 V, 25°C 65 85VDD = 1.8 V to 2.4 V,
VIC = VDD/2 Full range 63

kSVR
Supply voltage rejection ratio VDD = 2.4 V to 3.6 V,

No load
25°C 65 85

dBkSVR
Supply voltage rejection ratio
(∆VDD /∆VIO)

VDD = 2.4 V to 3.6 V,
VIC = VDD/2 No load

Full range 63
dB( VDD / VIO)

VDD = 1.8 V to 3.6 V, 25°C 65 85VDD = 1.8 V to 3.6 V,
VIC = VDD/2 Full range 63

† 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 DD = 1.8 V, 2.4 V (unless
otherwise noted) (continued)

dynamic performance
PARAMETER TEST CONDITIONS TA† MIN TYP MAX UNIT

UGBW Unity gain bandwidth RL = 300 kΩ , CL = 10 pF 25°C 500 kHz

VDD = 1.8 V
25°C 0.11 0.20

VDD = 1.8 V
Full range 0.09

V/ s

SR+
Positive slew rate at VO(PP) = 1 V,  RL = 300 kΩ,

VDD = 2.4 V
25°C 0.11 0.22

V/µs

SR+
Positive slew rate at
unity gain

VO(PP) = 1 V,  RL = 300 kΩ,
CL = 50 pF, VDD = 2.4 V

Full range 0.09unity gain CL = 50 pF,

VDD = 3.6 V
25°C 0.11 0.23

V/ sVDD = 3.6 V
Full range 0.09

V/µs

VDD = 1.8 V
25°C 0.08 0.15

VDD = 1.8 V
Full range 0.07

V/ s

SR−
Negative slew rate at VO(PP) = 1 V,  RL = 300 kΩ,

VDD = 2.4 V
25°C 0.10 0.18

V/µs

SR−
Negative slew rate at
unity gain

VO(PP) = 1 V,  RL = 300 kΩ,
CL = 50 pF, VDD = 2.4 V

Full range 0.09unity gain CL = 50 pF,

VDD = 3.6 V
25°C 0.10 0.22

V/ sVDD = 3.6 V
Full range 0.09

V/µs

φm Phase margin
RL = 300 kΩ, CL = 100 pF

25°C 63 °

Gain margin
RL = 300 kΩ, CL = 100 pF

25°C 20 dB

VDD = 1.8 V,  V(STEP)PP = 1 V, 0.1% 6.4

ts Settling time

VDD = 1.8 V,  V(STEP)PP = 1 V,
AV = −1,     CL = 10 pF,  RL = 300 kΩ 0.01%

25°C
13.7

sts Settling time
VDD = 2.4 V,   V(STEP)PP = 1 V, 0.1%

25°C
6

µs
VDD = 2.4 V,   V(STEP)PP = 1 V,
AV = −1,     CL = 10 pF,  RL = 300 kΩ 0.01% 13.9

† 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

VDD = 1.8 V,
V  = V /2 V,

AV = 1 0.08%VDD = 1.8 V,
VO(PP) = VDD/2 V,
RL = 300 kΩ,

AV = 10 25°C 0.10%

THD + N Total harmonic distortion plus noise

RL = 300 kΩ,
f = 1 kHz AV = 100

25 C

0.27%
THD + N Total harmonic distortion plus noise

VDD = 2.4 V,
V  = V /2 V,

AV = 1 0.06%VDD = 2.4 V,
VO(PP) = VDD/2 V,
RL = 300 kΩ,

AV = 10 25°C 0.08%
RL = 300 kΩ,
f = 1 kHz AV = 100

25 C

0.24%

Vn Equivalent input noise voltage
f = 1 kHz 25°C 95

nV/√HzVn Equivalent input noise voltage
f = 10 kHz 25°C 75

nV/√Hz

In Equivalent input noise current f = 1 kHz 25°C 0.8 fA /√Hz

shutdown characteristics

PARAMETER TEST CONDITIONS TA† MIN TYP MAX UNIT

IDD(SHDN)
Supply current, all channels in shutdown mode

SHDN = 0 V
25°C 10 50

nAIDD(SHDN)
Supply current, all channels in shutdown mode
(TLV2760, TLV2763, TLV2765) (per channel) SHDN = 0 V

Full range 400
nA

t(on) Amplifier turnon time (see Note 3) RL = 300 kΩ 25°C 5 µs

t(off) Amplifier turnoff time (see Note 3) RL = 300 kΩ 25°C 0.8 µs
† 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.
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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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 (RNULL) with the output of the amplifier, as
shown in Figure 31. A minimum value of 20 Ω should work well for most applications.

CLOAD

RF

Input
Output

RG
RNULL

+

−

VDD/2

Figure 31. Driving a Capacitive Load

offset voltage

The output offset voltage, (VOO) is the sum of the input offset voltage (VIO) and both input bias currents (IIB) times
the corresponding gains. The following schematic and formula can be used to calculate the output offset
voltage:

VOO � VIO�1 ��
RF
RG
��� IIB� RS�1 ��

RF
RG
��� IIB– RF

+

−
VI

+

RG

RS

RF

IIB−

VO

IIB+

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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general configurations (continued)

VI
VO

C1

+

−

RG RF

R1

f–3dB �
1

2�R1C1

VO
VI

� �1 �

RF
RG
�� 1

1 � 2�fR1C1
�

VDD/2

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.

VI

C2
R2R1

C1

RF
RG

R1 = R2 = R
C1 = C2 = C
Q = Peaking Factor
(Butterworth Q = 0.707)

(
=

1
Q

2 − )
RG

RF

_
+

f–3dB �
1

2�RC

VDD/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-µF tantalum capacitor in parallel with  a 0.1-µF 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-µF ceramic capacitor should always be used on the supply terminal
of every amplifier.  In addition, the 0.1-µF 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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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 θJA, the maximum power dissipation is shown in Figure 35 and is calculated by the following formula:

PD � �
TMAX � TA

�JA
�

Where:
PD = Maximum power dissipation of TLV276x IC (watts)
TMAX= Absolute maximum junction temperature (150°C)
TA = Free-ambient air temperature (°C)
θJA = θJC + θCA

θJC = Thermal coefficient from junction to case
θCA = Thermal coefficient from case to ambient air (°C/W)
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APPLICATION INFORMATION

general power dissipation considerations (continued)

1

0.75

0.5

0
−55−40 −25 −10 5

M
ax

im
um

 P
ow

er
 D

is
si

pa
tio

n 
− 

W

1.25

1.5

MAXIMUM POWER DISSIPATION
vs

FREE-AIR TEMPERATURE

1.75

20 35 50

0.25

TA − Free-Air Temperature − °C

2

65 80 95 110 125

MSOP Package
Low-K Test PCB
θJA = 260°C/W

TJ  = 150°CPDIP Package
Low-K Test PCB
θJA = 104°C/W

SOIC Package
Low-K Test PCB
θJA = 176°C/W

SOT-23 Package
Low-K Test PCB
θJA = 324°C/W

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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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 TA = 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
� Maximum negative output voltage swing
� Slew rate
� Quiescent power dissipation
� Input bias current
� Open-loop voltage amplification

� Unity-gain frequency
� Common-mode rejection ratio
� Phase margin
� DC output resistance
� AC output resistance
� 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).

*DEVICE=amp_tlv276x_highVdd,OPAMP,NJF,INT
* amp_tlv_276x_highVdd operational amplifier ”macromodel”
* subcircuit updated using Model Editor release 9.1 on 05/15/00
* at 14:40 Model Editor is an OrCAD product.
*
* connections: non-inverting input
* | inverting input
* | |  positive power supply
* | |  | negative power supply
* | |  |  |  output
* | |  |  |  |
.subckt amp_tlv276x_highVdd     1 2 3 4 5
*

c1   11 12 457.48E−15
c2    6  7 5.0000E−12
css  10 99 1.1431E−12
dc    5 53 dy
de   54  5 dy
dlp  90 91 dx
dln  92 90 dx
dp    4  3 dx

  egnd 99  0 poly(2) (3,0) (4,0) 0 .5 .5
  fb 7 99 poly(5) vb vc ve vlp vln 0 

176.02E6 −1E3 1E3 180E6
−180E6

  ga    6  0 11 12 16.272E−6
gcm   0  6 10 99 6.8698E−9
iss  10  4 dc 1.3371E−6
hlim 90  0 vlim 1K
j1   11  2 10 jx1
J2   12  1 10 jx2
r2    6  9 100.00E3
rd1   3 11 61.456E3
rd2   3 12 61.456E3
ro1   8  5 10
ro2   7 99 10
rp    3  4 150.51E3
rss 10 99 149.58E6
vb    9  0 dc 0
vc    3 53 dc .78905
ve   54  4 dc .78905
vlim  7  8 dc 0
vlp  91  0 dc 14.200
vln   0 92 dc 14.200
.model dx D(Is=800.00E−18)
.model dy D(Is=800.00E−18 Rs=1m Cjo=10p)
.model jx1 NJF(Is=500.00E−15 Beta=198.03E−6 Vto=−1)
.model jx2 NJF(Is=500.00E−15 Beta=198.03E−6 Vto=−1)
.ends

IN−
G
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S
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S
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rp

IN+
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Figure 36. Boyle Macromodel and Subcircuit
PSpice and Parts are trademarks of MicroSim Corporation.
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package Qty Eco Plan
(2)

Lead/Ball Finish MSL Peak Temp
(3)

Samples
(Requires Login)

TLV2760ID ACTIVE SOIC D 8 75 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2760IDBVR ACTIVE SOT-23 DBV 6 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2760IDBVRG4 ACTIVE SOT-23 DBV 6 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2760IDBVT ACTIVE SOT-23 DBV 6 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2760IDBVTG4 ACTIVE SOT-23 DBV 6 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2760IDG4 ACTIVE SOIC D 8 75 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2760IP ACTIVE PDIP P 8 50 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type

TLV2760IPE4 ACTIVE PDIP P 8 50 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type

TLV2761CD ACTIVE SOIC D 8 75 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2761CDG4 ACTIVE SOIC D 8 75 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2761ID ACTIVE SOIC D 8 75 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2761IDBVR ACTIVE SOT-23 DBV 5 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2761IDBVRG4 ACTIVE SOT-23 DBV 5 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2761IDBVT ACTIVE SOT-23 DBV 5 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2761IDBVTG4 ACTIVE SOT-23 DBV 5 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2761IDG4 ACTIVE SOIC D 8 75 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2761IP ACTIVE PDIP P 8 50 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type
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Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package Qty Eco Plan
(2)

Lead/Ball Finish MSL Peak Temp
(3)

Samples
(Requires Login)

TLV2761IPE4 ACTIVE PDIP P 8 50 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type

TLV2762CD ACTIVE SOIC D 8 75 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2762CDG4 ACTIVE SOIC D 8 75 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2762CDR ACTIVE SOIC D 8 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2762CDRG4 ACTIVE SOIC D 8 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2762ID ACTIVE SOIC D 8 75 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2762IDG4 ACTIVE SOIC D 8 75 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2762IDGK ACTIVE VSSOP DGK 8 80 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2762IDGKG4 ACTIVE VSSOP DGK 8 80 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2762IDGKR ACTIVE VSSOP DGK 8 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2762IDGKRG4 ACTIVE VSSOP DGK 8 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2762IDR ACTIVE SOIC D 8 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2762IDRG4 ACTIVE SOIC D 8 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2763CDR ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2763CDRG4 ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2763IDGS ACTIVE VSSOP DGS 10 80 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2763IDGSG4 ACTIVE VSSOP DGS 10 80 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2763IDGSR ACTIVE VSSOP DGS 10 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM
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Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package Qty Eco Plan
(2)

Lead/Ball Finish MSL Peak Temp
(3)

Samples
(Requires Login)

TLV2763IDGSRG4 ACTIVE VSSOP DGS 10 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2763IDR ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2763IDRG4 ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2764CD ACTIVE SOIC D 14 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2764CDG4 ACTIVE SOIC D 14 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2764CDR ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2764CDRG4 ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2764ID ACTIVE SOIC D 14 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2764IDG4 ACTIVE SOIC D 14 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2764IDR ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2764IDRG4 ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2764IN ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type

TLV2764INE4 ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type

TLV2764IPW ACTIVE TSSOP PW 14 90 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2764IPWG4 ACTIVE TSSOP PW 14 90 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2764IPWR ACTIVE TSSOP PW 14 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2764IPWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2765CD ACTIVE SOIC D 16 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM
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Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package Qty Eco Plan
(2)

Lead/Ball Finish MSL Peak Temp
(3)

Samples
(Requires Login)

TLV2765CDG4 ACTIVE SOIC D 16 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2765CDR ACTIVE SOIC D 16 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2765CDRG4 ACTIVE SOIC D 16 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2765ID ACTIVE SOIC D 16 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2765IDG4 ACTIVE SOIC D 16 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2765IDR ACTIVE SOIC D 16 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2765IDRG4 ACTIVE SOIC D 16 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2765IPW ACTIVE TSSOP PW 16 90 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2765IPWG4 ACTIVE TSSOP PW 16 90 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2765IPWR ACTIVE TSSOP PW 16 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TLV2765IPWRG4 ACTIVE TSSOP PW 16 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI 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 TI 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: TI has discontinued the production of the device.

 
(2) 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): 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, TI 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.

http://www.ti.com/productcontent
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Green (RoHS & no Sb/Br): TI 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)

 
(3) 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. TI 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. TI 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.
TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 



TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

TLV2760IDBVR SOT-23 DBV 6 3000 180.0 9.0 3.15 3.2 1.4 4.0 8.0 Q3

TLV2760IDBVT SOT-23 DBV 6 250 180.0 9.0 3.15 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

TLV2761IDBVT 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 1.4 8.0 12.0 Q1

TLV2762IDGKR VSSOP DGK 8 2500 330.0 12.4 5.3 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 3.4 1.4 8.0 12.0 Q1

TLV2763IDGSR VSSOP DGS 10 2500 330.0 12.4 5.3 3.4 1.4 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 10.3 2.1 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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*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

TLV2761IDBVT SOT-23 DBV 5 250 182.0 182.0 20.0

TLV2762CDR SOIC 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 SOIC 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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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 JESD48, 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.

TI 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 TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI 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.

TI 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 TI under the patents or other intellectual property of TI.

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI 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 TI 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.
TI 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 TI 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 TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, TI 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 III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI 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.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI 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 dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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(3,25 mm x 3,25 mm)

1FEATURES APPLICATIONS

DESCRIPTION

L1

VIN

VINA

EN

PS/SYNC

GND

L2

VOUT

FB

PGND

L1

2.2µH

C2

10µF

C1

10µF

VIN
1.8V to

5.5V

VOUT

3.3V up to

1200mA

TPS63001

TPS63000
TPS63001
TPS63002
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HIGH EFFICIENT SINGLE INDUCTOR BUCK-BOOST CONVERTER WITH 1.8-A SWITCHES

• All Two-Cell and Three-Cell Alkaline, NiCd or23• Up to 96% Efficiency
NiMH or Single-Cell Li Battery Powered• 1200-mA Output Current at 3.3V in Step Down ProductsMode (VIN = 3.6V to 5.5V)

• Portable Audio Players• Up to 800-mA Output Current at 3.3V in Boost
• PDAsMode (VIN > 2.4V)
• Cellular Phones• Automatic Transition between Step Down and
• Personal Medical ProductsBoost Mode
• White LEDs• Device Quiescent Current less than 50µA

• Input Voltage Range: 1.8V to 5.5V
• Fixed and Adjustable Output Voltage Options The TPS6300x devices provide a power supplyfrom 1.2V to 5.5V solution for products powered by either a two-cell or
• Power Save Mode for Improved Efficiency at three-cell alkaline, NiCd or NiMH battery, or a

Low Output Power one-cell Li-Ion or Li-polymer battery. Output currents
can go as high as 1200 mA while using a single-cell• Forced Fixed Frequency Operation and
Li-Ion or Li-Polymer Battery, and discharge it down toSynchronization possible
2.5V or lower. The buck-boost converter is based on

• Load Disconnect During Shutdown a fixed frequency, pulse-width-modulation (PWM)
• Over-Temperature Protection controller using synchronous rectification to obtain

maximum efficiency. At low load currents, the• Available in Small 3 mm × 3 mm, QFN-10
converter enters Power Save mode to maintain highPackage
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 × 3 mm (DRC).

1

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.

2PowerPAD is a trademark of Texas Instruments.
3All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Copyright © 2006–2008, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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ABSOLUTE MAXIMUM RATINGS

DISSIPATION RATINGS TABLE

RECOMMENDED OPERATING CONDITIONS

TPS63000
TPS63001
TPS63002
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These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

AVAILABLE OUTPUT VOLTAGE OPTIONS (1)

OUTPUT VOLTAGETA PACKAGE MARKING PACKAGE PART NUMBER (2)
DC/DC

Adjustable BPT TPS63000DRC
–40°C to 85°C 3.3 V BPU 10-Pin QFN TPS63001DRC

5.0 V 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.

over operating free-air temperature range (unless otherwise noted) (1)

TPS6300x
Input voltage range on VIN, VINA, L1, L2, VOUT, PS/SYNC, EN, FB –0.3 V to 7 V
Operating virtual junction temperature range, TJ –40°C to 150°C
Storage temperature range Tstg –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.

THERMAL RESISTANCE POWER RATING DERATING FACTOR ABOVEPACKAGE ΘJA TA≤ 25°C TA = 25°C
DRC 48.7°C/W 2054 mW 21 mW/°C

MIN NOM MAX UNIT
Supply voltage at VIN, VINA 1.8 5.5 V
Operating free air temperature range, TA –40 85 °C
Operating virtual junction temperature range, TJ –40 125 °C

2 Submit Documentation Feedback Copyright © 2006–2008, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS

TPS63000
TPS63001
TPS63002
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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

VI Input voltage range 1.8 5.5 V
VI Input voltage range for startup 1.9 5.5 V
VO TPS63000 output voltage range 1.2 5.5 V
VFB TPS63000 feedback voltage 495 500 505 mV
f Oscillator frequency 1250 1500 kHz

Frequency range for synchronization 1250 1800 kHz
ISW Switch current limit VIN = VINA = 3.6 V, TA = 25°C 1600 1800 2000 mA

High side switch on resistance VIN = VINA = 3.6 V 100 mΩ
Low side switch on resistance VIN = VINA = 3.6 V 100 mΩ
Line regulation 0.5%
Load regulation 0.5%

VIN 1 1.5 µA
Quiescent IO = 0 mA, VEN = VIN = VINA = 3.6 V,Iq VINA 40 50 µAcurrent VOUT = 3.3 V

VOUT (adjustable output voltage) 4 6 µA
FB input impedance (fixed output voltage) 1 MΩ

IS Shutdown current VEN = 0 V, VIN = VINA = 3.6 V 0.1 1 µA
CONTROL STAGE
VUVLO Under voltage lockout threshold VINA voltage decreasing 1.5 1.7 1.8 V
VIL EN, PS/SYNC input low voltage 0.4 V
VIH EN, PS/SYNC input high voltage 1.2 V

EN, PS/SYNC input current Clamped on GND or VINA 0.01 0.1 µA
Overtemperature protection 140 °C
Overtemperature hysteresis 20 °C

Copyright © 2006–2008, Texas Instruments Incorporated Submit Documentation Feedback 3

Product Folder Link(s): TPS63000 TPS63001 TPS63002

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


PIN ASSIGNMENTS

PGND

L1

VIN EN

GNDL2

PS/SYNC

VINA

VOUT FB

DRC  PACKAGE

(TOP VIEW)

TPS63000
TPS63001
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Terminal Functions
TERMINAL

I/O DESCRIPTION
NAME NO.
EN 6 I Enable input. (1 enabled, 0 disabled)
FB 10 I Voltage feedback of adjustable versions, must be connected to VOUT on fixed output voltage versions
GND 9 Control / logic ground
PS/SYNC 7 I Enable / disable power save mode (1 disabled, 0 enabled, clock signal for synchronization)
L1 4 I Connection for Inductor
L2 2 I Connection for Inductor
PGND 3 Power ground
VIN 5 I Supply voltage for power stage
VOUT 1 O Buck-boost converter output
VINA 8 I Supply voltage for control stage
PowerPAD™ Must be soldered to achieve appropriate power dissipation. Should be connected to PGND.
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FUNCTIONAL BLOCK DIAGRAM (TPS63000)

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, Iout = 300mA) 15
Line transient response (TPS63001, Iout = 600mA) 16
Startup after enable (TPS63000, VOUT = 2.5V) 17
Startup after enable (TPS63002) 18
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MAXIMUM OUTPUT CURRENT EFFICIENCY
vs vs

INPUT VOLTAGE OUTPUT CURRENT (TPS63001)

Figure 1. Figure 2.

EFFICIENCY EFFICIENCY
vs vs

OUTPUT CURRENT (TPS63002) INPUT CURRENT (TPS63001)

Figure 3. Figure 4.
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EFFICIENCY OUTPUT VOLTAGE
vs vs

INPUT CURRENT (TPS63002) OUTPUT CURRENT (TPS63001)

Figure 5. Figure 6.

OUTPUT VOLTAGE
vs

OUTPUT CURRENT (TPS63002)

Figure 7.
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TPS63001
V = 3.3 VO

V = 4.2 V,

I = 500 mA
I

O

Inductor Current
500 mA/div

L2 Voltage
5 V/div

L1 Voltage
5 V/div

Output Voltage
10 mV/div

Timebase 500 ns/div

V = 2.4 V, I = 500 mAI O

Timebase 500 ns/Div

TPS63001,
V = 3.3 VO
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Inductor Current
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Timebase 5 s/Divm
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OUTPUT VOLTAGE IN CONTINUOUS OUTPUT VOLTAGE IN CONTINUOUS
CURRENT MODE (TPS63001, VIN > VOUT) CURRENT MODE (TPS63001, VIN > VOUT)

Figure 8. Figure 9.

OUTPUT VOLTAGE IN CONTINUOUS OUTPUT VOLTAGE IN POWER
CURRENT MODE (TPS63001, VIN = VOUT) SAVE MODE (TPS63001, VIN > VOUT)

Figure 10. Figure 11.
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Timebase 2 ms/div

Output Voltage
100 mV/div, ac

Output Current
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I = 200 mA to 600 mA
I

O
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I

O
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Output Current
200 mA/div,dc
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OUTPUT VOLTAGE IN POWER LOAD TRANSIENT RESPONSE
SAVE MODE (TPS63001, VIN < VOUT) (TPS63001, VIN > VOUT)

Figure 12. Figure 13.

LOAD TRANSIENT RESPONSE LINE TRANSIENT RESPONSE
(TPS63001, VIN < VOUT) (TPS63001, Iout = 300mA)

Figure 14. Figure 15.
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V = 3 V to 3.6 V,

I = 600 mA
I

O

TPS63001,
V = 3.3 VO

Timebase 2 ms/div

Output Voltage
20 mV/div,ac

Input Voltage
1 V/div,dc

Output Voltage
1 V/div,dc

Enable
2 V/div,dc

Inductor Current
200 mA/div,dc

Voltage at L1
2 V/div, dc

Timebase 50 s/divm

V = 3.3 V, I = 300 mAI O

TPS63000,
V = 2.5 VO

Voltage at L2
2 V/div,dcTPS63002,

V = 5 VO

Inductor Current
500 mA/div, dc

Output Voltage
2 V/div, dc

Timebase 100 s/divm

Enable
2 V/div, dc

V = 2.4 V, I = 300 mAI O

TPS63000
TPS63001
TPS63002
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LINE TRANSIENT RESPONSE STARTUP AFTER ENABLE
(TPS63001, Iout = 600mA) (TPS63000, VOUT = 2.5V)

Figure 16. Figure 17.

STARTUP AFTER ENABLE
(TPS63002)

Figure 18.
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PARAMETER MEASUREMENT INFORMATION

L1

VIN

VINA

EN

PS/SYNC

GND

L2

VOUT

FB

PGND

L1

R1

R2

C2R3

C3

C1

VIN VOUT

TPS6300X

TPS63000
TPS63001
TPS63002
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List of Components
REFERENCE DESCRIPTION MANUFACTURER

TPS6300 0 / 1 / 2 Texas Instruments
L1 VLF4012-2R2 TDK
C1 10 µF 6.3V, 0603, X7R ceramic
C2 2 × 10 µF 6.3V, 0603, X7R ceramic
C3 0.1 µF, X7R ceramic
R3 100 Ω
R1, R2 Depending on the output voltage at TPS63000, not used at TPS6300 1 / 2
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DETAILED DESCRIPTION

CONTROLLER CIRCUIT

Synchronous Operation

Buck-Boost Operation

Power Save Mode and Synchronization

TPS63000
TPS63001
TPS63002
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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.

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.

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.

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.

12 Submit Documentation Feedback Copyright © 2006–2008, Texas Instruments Incorporated

Product Folder Link(s): TPS63000 TPS63001 TPS63002

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


Device Enable

Softstart and Short Circuit Protection

Undervoltage Lockout

Overtemperature Protection

TPS63000
TPS63001
TPS63002
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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.

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.

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.

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

PROGRAMMING THE OUTPUT VOLTAGE

R1 � R2 � �VOUT
VFB

� 1�
(1)

Cff �
2.2 �s

R1 (2)

L1

VIN

VINA

EN

PS/SYNC

GND

L2

VOUT

FB

PGND

L1

R1

R2

C2R3

C3

C1

VIN VOUT

TPS6300X

INDUCTOR SELECTION
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The TPS6300x dc/dc converters are intended for systems powered by one-cell Li-Ion 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.

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 µA, and the voltage
across the resistor between FB and GND, R2, is typically 500 mV. Based on those two values, the recommended
value for R2 should be lower than 500kΩ, in order to set the divider current at 1µA or higher. It is recommended
to keep the value for this resistor in the range of 200kΩ. From that, the value of the resistor connected between
VOUT and FB, R1, depending on the needed output voltage (VOUT), can be calculated using Equation 1:

If as an example, an output voltage of 3.3 V is needed, a 1.0 MΩ resistor should be chosen for R1. To improve
control performance using a feedforward capacitor in parallel to R1 is recommended. The value for the
feedforward capacitor can be calculated using Equation 2.

Figure 19. Typical Application Circuit for Adjustable Output Voltage Option

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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L1 �
VOUT � �VIN1 � VOUT

�
VIN1 � f � 0.3 A (3)

L2 �
Vin2 � �VOUT � VIN2

�
VOUT � f � 0.3 A (4)

I1 �
IOUT
0.8

�
VOUT

�VIN1 � VOUT
�

2 � VIN1 � f � L (5)

I2 �
VOUT � IOUT

0.8 � VIN2
�

VIN2 � �VOUT � VIN2
�

2 � VOUT � f � L (6)

CAPACITOR SELECTION

Input Capacitor

Output Capacitor
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In both equations f is the minimum switching frequency. In Equation 3 the minimum inductance value, L1 for step
down mode operation is calculated. VIN1 is the maximum input voltage. In Equation 4 the minimum inductance,
L2, for boost mode operation is calculated. VIN2 is the minimum input voltage. The recommended minimum
inductor value is either L1 or L2 whichever is higher. As an example, a suitable inductor for generating 3.3V from
a Li-Ion battery with a battery voltage range from 2.5V up to 4.2V is 2.2 µH. The recommended inductor value
range is between 1.5 µH and 4.7 µH. 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.
Equation 5 shows how to calculate the peak current I1 in step down mode operation and Equation 6 shows how
to calculate the peak current I2 in boost mode operation.

The critical current value for selecting the right inductor is the higher value of I1 and I2. 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

At least a 4.7 µF 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.

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, Equation 7 can be used.
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COUT � 5 � L �
�F
�H (7)

LAYOUT CONSIDERATIONS

THERMAL INFORMATION

PD(MAX) �
TJ(MAX) � TA

R
�JA

� 125°C � 85°C
48.7 °C�W

� 820 mW
(8)
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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.

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.

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 (TJ) of the TPS6300x devices is 125°C. The thermal
resistance of the 10-pin QFN 3 × 3 package (DRC) is RθJA = 48.7°C/W, if the PowerPAD is soldered. Specified
regulator operation is assured to a maximum ambient temperature TA of 85°C. Therefore, the maximum power
dissipation is about 820mW, as calculated in Equation 8. More power can be dissipated if the maximum ambient
temperature of the application is lower.
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PACKAGING INFORMATION

Orderable Device Status (1) Package
Type

Package
Drawing

Pins Package
Qty

Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)

TPS63000DRCR ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS63000DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS63000DRCT ACTIVE SON DRC 10 1 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS63000DRCTG4 ACTIVE SON DRC 10 1 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS63001DRCR ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS63001DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS63001DRCT ACTIVE SON DRC 10 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS63001DRCTG4 ACTIVE SON DRC 10 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS63002DRCR ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS63002DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS63002DRCT ACTIVE SON DRC 10 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS63002DRCTG4 ACTIVE SON DRC 10 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI 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 TI 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: TI has discontinued the production of the device.

(2) 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): 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, TI 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): TI 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)

(3) 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. TI 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. TI 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. TI 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 TI part(s) at issue in this document sold by TI
to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TPS63000 :

• Automotive: TPS63000-Q1

NOTE: Qualified Version Definitions:

• Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

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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*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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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:  
 

 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).  

 XBee modules used as Endpoints need AT Endpoint firmware downloaded using X-CTU 
software and the XBee USB Adapter.  

 If a Router is needed, the XBee needs to have AT Router firmware downloaded to it using 
X-CTU software and the USB Adapter. 

 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.  

 The best suggestion for Coordinator to Remote Endpoint communications is to use the 
broadcast address (DL) of $FFFF from the Coordinator to send data to ALL Endpoints.  

 If you decide to use API firmware versions, few to none of the API code examples in 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 majority 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  
32406  XBP24-ACI-001 XBee 60mW Chip A  
32407  XBP24-AWI-001 XBee 60mW Wire A   

32408  XBP24-Z7WIT-004XBEE PRO WIRANT  
32409  XB24-Z7WIT-004 XBEE 1MW WIRANT  
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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 also 
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 I talk now? 
In conversations between two or more people, it is important 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 a little negotiating one begins to speak, allowing that person 
use of the medium to get his thoughts out. 

 
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 

Did you hear about the time 
when everyone... 

????? 

Do you know what 
happened to.... 
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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 media in 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, a node listens to see if the medium (CAT 5 cable) 
is in use. If it is, 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). Collision 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. This is called, 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, allowing 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 see if it requires access to communicate, and then provides it a time-slot 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. 
 

 

Figure 1-2: Was That Message Meant for Me? 

Is he talking 
to me? 

Can you loan me 
10 bucks? 

He didn’t 
say my 
name... 
ignore! 
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Networking provides the same features—sometimes a message sent is meant for all 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 all 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 also 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. You 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 usually 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’s meet at 7:00 in the library.” “Library at 7:00? Okay.” 
 

 
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 envelope and addressed to ensure that it is 
received and read by the correct person. The return address allows the recipient to know who it was 
from (and for return by the post office if required).  Data on a network transfers messages in a similar 
manner. The message (the data we are sending) is packaged with other data the protocol requires as 

Let’s meet at 7:00 in 
the library. 

Library at 7:00? 
Okay. 
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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 data to help ensure proper delivery to intended node.  
 

 
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: 
 

 Media Access: A means to ensure two network nodes do not transmit at the same time 
causing data collisions and errors in transmission. 

 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. 

 Error Detection: A means to verify data received at the node correctly. 

 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 designed 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). 
 

 Clear Channel Assessment (CCA): Before transmitting, an XBee node listens to see if the 
selected frequency channel is busy. 

 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 
allows over 64,000 addresses on a network. 

 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 API (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 serial link between the nodes as illustrated previously in Figure 1-4. This 
mode allows simple transmission and reception of serial data. AT Commands are used to configure 
the XBee, such as to 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 encapsulated with needed information such as addressing and error checking bytes. 

API Mode 

In API 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 value. 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, API 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 API 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 API 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. 
 

 
 

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 
1-6 illustrates a typical 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 module to a 5 V 
power source or  a 5 V controller, such as the BASIC Stamp. 

 

 
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 2.8 V to 3.4 V 

2 DOUT O Serial data output from XBee (received data) 

3 DIN I Serial data input to XBee (data to transmit) 

4 DO8 O Digital data output 8 

5 RESET I Reset module (low) 

6 PWM0/ 
RSSI 

O 
O 

Pulse Width Modulated output 
Received Signal Strength Indication as PWM signal 

7 PWM1 O Pulse Width Modulated output 

8 (Reserved)   

9 
DTR 

SLEEP_RQ 
DI8 

I 
I 
I 

Data Terminal Ready: handshaking for firmware updates (low) 
Sleep Request: A high places XBee in sleep mode when configured 
Digital Output 8 

10 GND G Ground (Vss) 

11 AD4 
DIO4 

A 
IO 

Analog to Digital Input 4 
Digital Input/Output 4 

12 CTS 
DIO7 

O 
IO 

Clear to Send output for controller handshaking (low) 
Digital Input/Output 7 

13 ON/SLEEP O Digital output, status indication: High = Awake, Low = Sleep 

14 VREF A Analog to Digital reference voltage 

15 
ASSOC 

AD5 
DIO5 

O 
A 
IO 

Associated indication when joining a network 
Analog to Digital Input 5 
Digital Input/Output 5 

16 
RTS 
AD6 
IO6 

I 
A 
IO 

Ready to Send Handshaking input (Low) 
Analog to Digital Input 6 
Digital Input/Output 6 

17-20 AD3-AD0 
DIO3-DIO0 

A 
IO 

Analog to Digital Input 3 to 0 
Digital Input/Output 3 to 0 

Pin Type: P = Power, G = Ground, I = 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 data is 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 
data rate 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 allows the controller to signal to the XBee that it is ready to receive more 
data. DTR is typically used by the XBee when downloading new firmware, and therefore 
firmware updates can only be done using XBee adapter boards such as the Parallax USB Adapter 
Board that implement this connection. When transmitting, the XBee can signal 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" so that the state of a 
pin on one XBee (high or low) is reflected on the corresponding pin of another XBee. 
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 AD0 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. 
This value can also be retrieved using AT commands or as part of a packet in API Mode. 

 PWM0/1: 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 manually 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 
data link 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 slightly longer. 
The power ratings and distances, along with other specifications, are listed 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 2.8 VDC – 3.4 VDC 2.8 VDC – 3.4 VDC 

RF Power 0 dBm, 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 A <10 A 

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 
API versions. Depending on the function of the device, the correct firmware version must be loaded.  
 
In a mesh network, such as ZigBee, devices have one of three different duties: 

 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. 

 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: 

 The PWM0/RSSI output produces a pulse width providing RSSI level indication. 

 In Command Mode, the unit may polled by using the ATDB command. 

 When receiving in API Mode, a byte 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 a very 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 
waves causing problems 
at receiver 

 

  

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: 

Ghz

Km
m f

d
r

4
32.17           or        

Ghz
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ft f

d
r

4
05.72

 

 
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 allow sufficient quality at the receiver. 
 
But RF can be a tricky 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 
As was 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 I/O  
As discussed in the XBee pinout section, the modules have digital I/O, analog inputs, and PWM 
outputs that may be used in a variety of ways. Later chapters will explore these capabilities in more 
depth. 

 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 ATD0 4 would set D0 to be a low 
output (0 V) and ATD0 5 would be a high output (3.3 V). 

 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 API Mode where the digital and ADC data is extracted. 

 PWM/analog output: The 10-bit PWM value of an output may be set and optionally filtered 
for analog output of the unit. 

 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 API 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 XBee is a 3.3 V device, as is the Propeller chip, so interfacing between the two 
can be done through direct connections. Interfacing with the BASIC Stamp and other 5 V controllers 
requires 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 5 V input logic. Additionally, a 
regulated 3.3 V supply is required to power the XBee. Finally, 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 IC. 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 5 V controllers need an adapter that: 

 Uses the 5 V supply available to provide regulated to 3.3 V for the XBee supply power. 

 Conditions the 5 V 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 a 3.3 V voltage regulator and a 5 V to 3.3 V 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 
I/O 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 I/O 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 unassembled; the included male and female headers must be soldered to the board. 

           
Figure 2-1: XBee 5V/3.3V Adapter Board (#32401, unassembled) & I/O Conditioning 
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! 

I/O Connections 

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. 

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 connections to 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 a low signal from the BASIC Stamp before sending data 
to the controller. This allows buffering of received data until the BASIC Stamp is ready to receive. 
 

 
Figure 2-2: Typical Connections to XBee 5V/3.3V Adapter with Tx/Rx  LEDs 

 
The LEDs on the adapter board itself indicate: 

 Yellow: ON/Not Sleeping — This will typically be on unless you configure the XBee for one 
of the low-power sleep modes (see Chapter 6). 

 Blue: Power — Indicates 3.3V power is available. 

 Green: Associate — This LED will typically be blinking unless you are using the associate 
mode of joining a network (not covered in this tutorial) or by changing the pin configuration.  
(see Configuring I/O—D0 to D8, P0, P1, M0, M1 on page 39). 

 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 
to it. A slight 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 I/O 
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 allow the 
controller to bring the input low. A solderable header (not shown in drawing) allows direct 
connections to AD/DIO0 to AD/DIO7 and a connection for 3.3 V. (The XBee SIP Adapter comes 
fully assembled as shown.) 
 

    

Figure 2-3: XBee SIP Adapter 
(#32402) & I/O Conditioning 

 

 

! 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 data from the XBee to the BASIC Stamp. 
  

Figure 2-4: Typical 
Connections to XBee 
5V/3.3V SIP Adapter 
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The LEDs on the SIP Adapter indicate: 

 PWR:  Indicates 3.3 V power available 

 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. 

 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. 

 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 slight dimming at low power levels may be noticeable. 

 RX: Indicates data received by the controller from the XBee (DOUT). 

 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 Propeller chip and other 3.3 V microcontrollers may use the above two boards as well: 

 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. 

—OR—  

 The Propeller board’s 5 V supply to the XBee 5V/3.3V Adapter’s VDD or the 5 V input of 
the XBee SIP Adapter and connecting VSS. 

 
The XBee USB Adapter Board (next section) may also be used with USB disconnected: 

 By supplying 5 V to the VDD input and connecting VSS. 

—OR—  

 By supplying 3.3 V 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 
5 V 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 female 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.  

 
 
 

   
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). 
 
 

 
 

Figure 2-6: Propeller to XBee Adapter with Optional LEDs 
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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, HyperTerminal® 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 serial terminal, for configuration changes, testing RSSI 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: 

 Send/receive serial data between the PC and the XBee for communications and configuration. 

 Self-powered from USB for 5 V and 3.3 V. 

 Incorporates the DTR (Data Terminal Ready) line needed for firmware downloads. 

 May be powered from a 5 V source via VDD input or 3.3 V to VCC when operating without 
USB. 

 
Note that this board comes unassembled; the included female 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: 

 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). 

 Yellow: Power. Indicates 3.3 V power is available. 
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 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/O—D0 to D8, P0, P1, M0, M1 on page 39). 

 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 
slight dimming at low power levels may be noticeable. 

 Red: USB Transmit 

 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 a variety of boards for interfacing the XBee to their 5 V and 3.3 V 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 is a list of available adapter board options from Parallax. 
 

Table 2-1: Microcontroller Platforms and Adapter Board Options 

Processor Platform Adapter Board Options Board Stock Code

XBee 5V/3.3V Adapter with 5 V supplied to VDD pin. 32401 BASIC Stamp and other 
5 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: 
 5 V supplied to VDD pin 
 3.3 V supplied to VCC pin 

32401 

XBee SIP Adapter with 5 V supplied to 5 V pin. 32402 

Propeller chip and other 
3.3 V microcontrollers 

XBee USB Adapter with ONE of these options: 
 5 V supplied to VDD pin 
 3.3 V supplied to VCC Pin 

32400 

XBee USB Adapter Board, powered from USB only. 32400 
PC Interfacing 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 all. 
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, signal 
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. 

 
 

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 Ω resistor and (1) LED, optional 
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Other USB Options:  

 Using Propeller chip for PC Communications: The Propeller may be used for USB 
communication to the XBee using Serial_Pass_Through.spin in Chapter 4. This allows all 
functions except firmware downloads. 

 Using the Prop Plug for PC Communications: The Prop Plug (#32201) may also be used for 
USB communications to the XBee by connecting DOUT to Rx, DIN to Tx, and Vss to VSS 
with the adapter board powered normally. This allows all functions except firmware 
downloads. 

Software Required 
 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.) 

 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 
 With an XBee module in place, connect the XBee USB Adapter Board to the PC using an 

appropriate USB cable. 

 With an appropriate board with an XBee for your BASIC Stamp or Propeller, connect as 
shown in Figure 3-2: 

o Connect VDD or VCC (as appropriate) and VSS per Chapter 2. 

o Use a jumper wire to 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 Ω 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. 

 

  

Figure 3-2: XBee Loopback Testing 

 
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. 
 

 Ensure the Remote node XBee with loopback is powered. 

 Open the X-CTU software. 

 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 

 
 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 

 
 Click the Terminal tab on the software. This tab allows you to send and receive data using a 

terminal interface. We will also use this for XBee configuration changes shortly. 

 In the window area, type “Hello World!” 

 
If all 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. 
 

 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. 

 Click the Clear Screen button. In the terminal window, click the Assemble Packet button. 
This opens a window where you can type text to be sent as a single packet.  

 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 I 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 
 Close the Send Packet window and click the Range Test tab on the software. 

 Under the vertical RSSI lettering, check the checkbox to monitor signal strength. 

 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. 

 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 Signal 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 

 
This is a good time to test environmental conditions on your transmission link. 
 

 Test for interference of the signal by placing your hands over the Base XBee, 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. 

 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 terminal 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 XBee’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. 
 

 With an XBee connected, open X-CTU and select the correct COM port. 

 Click the Modem Configuration tab. 

 Click the Read button. If all goes well, you should see the window populated by the current 
settings as shown in Figure 3-8. 

 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. 
 

 Click the CH – Channel setting 

 Modify to “D.” 

 Write then Read and verify the change (current setting is shown in parentheses before the 
command name) 

 Restore and Read and verify it is back 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, a full interface is needed for firmware changes, such as with 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:  

 

 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. 
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Using the Terminal Interface (AT Command Mode) 
The XBee may also be configured using AT commands via the X-CTU terminal 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 sequence is required to enter Command Mode:  
 

 A 2 to 3 second pause since data was last sent 

 A string of “+++” (with no Enter key pressed) 

 Another 2-second pause 

 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’s test it (example shown in Figure 3-9). 
 

 Go to the Terminal tab. 

 Type “Hello” to ensure you are communicating with the Remote loopback XBee. 

 Wait 3 seconds. 

 Type “+++” (With no Enter or Carriage Return). 

 Wait 2 more seconds, and you should see “OK.” 

 Enter ATCH & Enter. 

o You should see “C” returned—you requested the current value for channel. 

 Enter ATCH D & Enter. 

o You should see “OK.” 

 Enter ATCN & Enter to exit the Command Mode. 

 Type “Hello” again. 

o You should NOT see it returned from the Remote XBee. The Base XBee is on 
Channel D and the Remote XBee is on Channel C so they will not communicate. 

 Repeat the above changing the Base XBee’s channel back to C (ATCH C) and test 
communications with the Remote XBee. 

 If you timeout (suddenly your characters are echoed back when trying to enter a command), 
use ATCT 500 to increase the timeout value. 

 When complete, use ATRE to restore your XBee to default values. Multiple commands may 
be entered on a single line: 

ATCH C,CT 500,CN & Enter 
 

  

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 0 (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 0 
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. 
 

 Using the Terminal tab, type something and ensure it is echoed back to the Base XBee. 
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 Notice that on both the Base and Remote XBee, 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 data to address 1: ATDL 1). 

 Type a string such as “Hello”. The data should NOT be echoed back.  

 Observe the LEDs on the Remote XBee and loopback XBee.  

 
The RSSI and Rx LEDs should not light. Your data is intended for address 1. Since the Remote XBee 
is on address 0 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. 
 

 Change DL back to 0. 

 Change MY to 1 to set the address of your unit to address 1. 

 Send some data.  

 
You 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. 
 

 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 regardless of their address 
(broadcast to all). 

 Return the DL address to 0. 

 
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. 
 

 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 XBee 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 a MY 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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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. 

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.  

 
 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: 
 

 Their MY address 

 Their serial numbers 

 Their noun names if set (NI setting). 

 The RSSI level (signal strength) of the received information from that node (further on the 
RSSI 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 (ID 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 a matching 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.  
 

 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 a time 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 devices in 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. 
 

 Use the terminal window and enter AT Command Mode. 
 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, is the 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). 
 

 Use the Terminal tab to send data to be echoed back. 
 Enter Command Mode and enter ATDB for RSSI level. 

 

Packetization Timeout—RO 

As the XBee accepts serial 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 API 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 a timeout value of over 255 ms at 9600 baud. 
 

 Test the loopback by typing “Hello World” quickly. Notice that each character is transmitted 
and echoed. 

 Change the value of RO to FF using the Command Mode or Modem Configuration (ATRO 
FF). 

 Type “Hello World” once again. If you’re fairly quick you can type the entire phrase before it 
is packetized, transmitted and echoed. 

 

Configuring I/O—D0 to D8, P0, P1, M0, M1 

The I/O 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 
as well as configuring from there.  We’ll test a few 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.  
 

 For example, if you are tired of your association indicator on the XBee board blinking and 
wish to turn it off, set D5 to 4 (ATD5 4). 

 
Two I/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 I/O Line Passing section. To set the 
PWM value, use Command Mode. To set the RSSI indicator for a certain output level to control LED 
brightness: 
 

 In Command Mode, set PWM0 to PWM Output—ATP0 2. 
 Set the PWM 10-bit value, in the range of 0 to 3FF (0 to 1023 decimal): ATM0 5. 
 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 
analog 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 allows 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 

CH 
Channel: Sets the operating frequency channel within the 2.4 GHZ band. This 
may be modified to find a clearer channel to to separate XBee networks. Default 
value is C. 

ID 
PAN ID: Essentially, the network ID. Different groups of XBee networks can be 
separated by setting up different PANs (Personal Area Networks). Default value 
is 3332. 

DL 

Destination Low Address: The destination address of the XBee for which the  
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. 

Networking & 
Security 

NI Node Identifier: Sets a node’s noun name. 

Sleep Modes SM Sleep Mode: Allows the sleep mode to be selected for low power consumption 
(<10 μA). 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. 

AP 
API Enable: Switches the XBee from transparent mode (AT) to a framed data 
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. 

Serial 
Interfacing 

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.  

D0–D8 Sets the function of the I/O pins on the XBee, such as digital output, input, ADC, 
RTS, CTS and other. 

P0, P1 Configures the function of PWM0 and PWM1 

RP Sets the time length for the RSSI output. 

M0, M1 Sets the PWM value of the PWM outputs 
I/O Settings 

IR 
Sample Rate: The XBee can be configured to automatically send data from 
digital I/O or ADC’s. It requires the receiving node to be in API Mode and the 
data parsed for the I/O values. See Chapter 6. 

DB Received Signal Strength: The XBee can be polled to send back the RSSI level 
of the last packet received. 

EC 
CCA Failures: The protocol performs clear channel assessment (CCA); that is, it 
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. 

Diagnostics 

EA 
ACK Failures: If a packet is transmitted but receives no acknowledgement that 
data reached the destination, EA is incremented. The XBee performs 2 retries 
before failure. Additional retries can be added by using RR setting. 

CT AT Command Timeout: Once in Command Mode, sets the length of the delay 
before the XBee returns to normal operation.  

AT Command 
Options 

GT 
Guard Time: When switching into AT Command Mode, defines how long the 
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 also 
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. 
 
 

 
 

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 Ω resistors and (2) LEDs (optional) 
 

 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. 

 

         
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: 

 BASIC Stamp Editor for Windows (www.parallax.com/basicstampsoftware) 

 Digi’s X-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. 
 
' ******************************************************** 
' Simple_Debug.bs2 
' Sends data to Remote terminal for monitoring 
' ******************************************************** 
' {$STAMP BS2} 
' {$PBASIC 2.5} 
 
' *************** Constants & PIN Declarations *********** 
#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 DOUT - Not used in this example 
Tx              PIN     14   ' XBee DIN   
RTS             PIN     11   ' XBee RTS - Not used in this example 
 
' ************** Variable Declarations ****************** 
Counter         VAR     Byte 
 
' ************** Main LOOP ****************************** 
PAUSE 500                        ' 1/2 second pause to stabilize comms 
SEROUT Tx, Baud, [CLS,"Program Running...",CR] 
 
PAUSE 2000                       ' Pause before counting 
 
FOR Counter = 1 TO 20            ' Count and display remotely 
  SEROUT Tx, Baud, ["Counter = ", DEC Counter, CR] 
  PAUSE 100 
NEXT 
 
SEROUT Tx, Baud, ["Loop complete.",CR] 
END 
 

Code discussion: 

 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. 

 DOUT and RTS are not used in this example but will be used in later examples. 

 It sends a message, the value of Counter from 1 to 20, and a final message “Loop 
complete.”. 
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 
Terminals: While we use the X-CTU in our example, you may also a BASIC Stamp Editor Debug Terminal 
selected to the correct COM port. The CLS (clear screen) only shows a dot in X-CTU, but will clear the Debug 
Terminal.  

 

Test the code: 

 Connect and monitor the Base XBee using X-CTU or other terminal program. 

 Download Simple_Debug.bs2 to the BASIC Stamp connected to the Remote XBee unit. 

 Monitor the received data in the Base node’s terminal window as shown in Figure 4-3. 

 
 

 

Figure 4-3: Simple 
Debug to Base 
Testing 



4: Programming for Data and XBee Configurations 

Page 46    ·    Getting Started with XBee Modules  

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). 
 
' ******************************************************** 
' Simple_Byte_Receive.bs2 
' Accepts, displays and echoes back incoming bytes 
' ******************************************************** 
' {$STAMP BS2} 
' {$PBASIC 2.5} 
' *************** Constants & PIN Declarations *********** 
#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 DIN 
Tx              PIN     14    ' XBee DOUT 
RTS             PIN     11    ' XBee RTS - Not used in this example 
 
' ************** Variable Declarations ****************** 
DataIn          VAR     Byte 
 
' ************** Main LOOP ****************************** 
PAUSE 500                    ' 1/2 second pause to stabilize comms 
DEBUG "Awaiting Byte Data...",CR 
 
DO 
  SERIN Rx, Baud, [DataIn]   ' Accept incoming byte 
  SEROUT Tx, Baud, [DataIn]  ' Echo byte back 
  DEBUG DataIn               ' Display byte as character 
LOOP 
 

Code discussion: 

 Within the DO-LOOP, SERIN 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: 

 Download Simple_Byte_Receive.bs2 to the BASIC Stamp. 

 From the X-CTU terminal window, manually type “Hello World.” Note that it displays in the 
BASIC Stamp Debug Terminal of the Remote node and the X-CTU terminal window of the 
Base node correctly. 

 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 data is 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, a value such as 123 is sent 
as a single byte with a value of 123. When 123 is sent and accepted using DEC, the value is an ASCII 
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. 
 
' ******************************************************** 
' Simple_Decimal_Receive.bs2 
' Accepts, displays and echoes back incoming Decimal Value 
' ******************************************************** 
' {$STAMP BS2} 
' {$PBASIC 2.5} 
' *************** Constants & PIN Declarations *********** 
#SELECT $STAMP 
  #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 DIN 
RTS             PIN     11    ' XBee RTS - Not used in this example 
 
' ************** Variable Declarations ****************** 
DataIn          VAR     Word 
' ************** Main LOOP ****************************** 
PAUSE 500                     ' 1/2 second pause to stabilize comms 
DEBUG "Awaiting Decimal Data...",CR 
 
DO 
  SERIN Rx, Baud, [DEC DataIn]     ' Accept incoming Decimal Value 
  SEROUT Tx, Baud, [DEC DataIn,CR] ' Echo decimal value back 
  DEBUG DEC DataIn,CR              ' Display value 
LOOP 
 
For testing, the X-CTU terminal is again used:  

 Download Simple_Decimal_Receive.bs2. 

 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. 

 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. 

 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. 

 Send the packet and monitor the results. The first value is used and displayed, several 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 SERIN 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 SERIN so the BASIC Stamp can process other code 
while waiting for data to 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. 
 
' ******************************************************** 
' Using_RTS_Flow_Control_for_Bytes.bs2 
' Configures XBee to Use RTS flow control to 
' prevent missed DATA 
' ******************************************************** 
' {$STAMP BS2} 
' {$PBASIC 2.5} 
' *************** Constants & PIN Declarations *********** 
#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 
Tx              PIN     14 
RTS             PIN     11 
 
' ************** Variable Declarations ****************** 
DataIn          VAR     Word 
 
' ************** XBee Configuration ********************* 
PAUSE 500 
DEBUG "Configuring XBee...",CR 
PAUSE 2000                          ' Guard Time 
SEROUT Tx,Baud,["+++"]              ' Command Mode sequence 
PAUSE 2000                          ' Guard Time 
SEROUT Tx,Baud,["ATD6 1,CN",CR]     ' RTS enable (D6 1) 
                                    ' Exit Command Mode (CN) 
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' ************** Main LOOP ****************************** 
PAUSE 500 
DEBUG "Awaiting Multiple Byte Data...",CR 
 
DO 
  SERIN Rx\RTS,Baud,1000,TimeOut,[DataIn]  ' Use Timeout to wait for byte 
  SEROUT Tx, Baud, [DataIn]                ' Send back to PC 
  DEBUG DataIn                             ' Display data 
  GOTO Done                                ' Jump to done 
 
  Timeout:                                 ' If no data, display 
    DEBUG "." 
 
  Done: 
 
LOOP 
 

Analyzing the code: 

 In the 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 Mode 
will also terminate automatically after a period of inaction. 

 The SERIN instruction uses the \RTS modifier to signal the XBee when it is available to 
accept new data. The 1000 and Timeout 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.) 

 If data is not received within 1 second, the code at the Timeout: label will cause a dot to be 
displayed in the Debug Terminal 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: 

 Download Using_RTS_Flow_Control_for_Byte.bs2 to the Remote node. 

 Using X-CTU for the Base node, send a string in both the terminal window and using the 
Send Packet window. 

 Notice, as in 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 this is 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 values is ensuring the order in which they are received, and where to start. For example, let’s 
say we want to send two values in 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 data it receives is: 
 

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 ‘!’ is easily denoted. Using_RTS_Flow_Control_for_Decimals.bs2 
demonstrates using RTS and a string start delimiter. 
 
' ******************************************************** 
' Using_RTS_Flow_Control_for_Decimals.bs2 
' Configures XBee to Use RTS flow control to 
' prevent missed data using start delimiter 
' ******************************************************** 
' {$STAMP BS2} 
' {$PBASIC 2.5} 
' *************** Constants & PIN Declarations *********** 
#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 
Tx              PIN     14 
RTS             PIN     11 
' ************** Variable Declarations ****************** 
DataIn          VAR     Byte 
Val1            VAR     Word 
Val2            VAR     Word 
' ************** XBee Configuration ********************* 
PAUSE 500 
DEBUG "Configuring XBee...",CR 
PAUSE 2000                          ' Guard Time 
SEROUT Tx,Baud,["+++"]              ' Command Mode sequence 
PAUSE 2000                          ' Guard Time 
SEROUT Tx,Baud,["ATD6 1,CN",CR]     ' RTS enable (D6 1) 
                                    ' Exit Command Mode (CN) 
' ************** Main LOOP ****************************** 
DEBUG "Awaiting Delimiter and Multiple Decimal Data...",CR 
 
DO 
  SERIN Rx\RTS,Baud,500,TimeOut,[DataIn]  ' Briefly wait for delimiter 
 
  IF DataIn = "!" THEN                    ' If delimiter, get data 
    SERIN Rx\RTS,Baud,3000,Timeout,[DEC Val1]  ' Accept first value 
    SERIN Rx\RTS,Baud,3000,Timeout,[DEC Val2]  ' Accept next value 
                                          ' Display remotely and locally 
    SEROUT Tx, Baud, [CR,"Values = ", DEC Val1," ", DEC Val2,CR] 
    DEBUG CR,"Values = ", DEC Val1," ", DEC Val2,CR 
  ENDIF 
 
  GOTO Done                                ' Jump to Done 
  Timeout:                                 ' If no data, display dots 
    DEBUG "." 
  Done: 
LOOP 



4: Programming for Data and XBee Configurations 

 Getting Started with XBee Modules    ·    Page 53 

Analyzing the code: 

 Again, RTS flow is configured for the XBee using AT commands. 

 A SERIN with a 500 ms timeout starts the loop. If no data is received within this time, the 
timeout dot is shown. 

 Next, the code checks to see if the character was the exclamation point ‛!’ and if not, the code 
is done. 

 If it was a ‛!’ then two decimal values are collected, again using timeouts to ensure the code 
does not lock up while waiting. 

 The data values are displayed locally and remotely. 

Testing the code: 

 Download Using_RTS_Flow_Control_for_Decimals.bs2 to the Remote node. 

 Enter several values, the ‛!’ 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. 

 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. 
 
' ******************************************************** 
' Getting_dB_Level.bs2 
' Receive multiple decimal data and report dBm level 
' ******************************************************** 
' {$STAMP BS2} 
' {$PBASIC 2.5} 
' *************** Constants & PIN Declarations *********** 
#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 
Tx              PIN     14 
RTS             PIN     11 
 
' ************** Variable Declarations ****************** 
DataIn          VAR     Byte 
Val1            VAR     Word 
Val2            VAR     Word 
' ************** XBee Configuration ********************* 
PAUSE 500 
DEBUG "Configuring XBee...",CR 
PAUSE 2000                          ' Guard Time 
SEROUT Tx,Baud,["+++"]              ' Command Mode sequence 
PAUSE 2000                          ' Guard Time 
SEROUT Tx,Baud,["ATD6 1,GT3,CN",CR] ' RTS enable (D6 1) 
                                    ' Very low Guard Time (GT 3) 
                                    ' Exit Command Mode (CN) 
' ************** Main LOOP ****************************** 
PAUSE 500 
DEBUG "Awaiting Delimiter and Multiple Decimal Data...",CR 
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DO 
 
  SERIN Rx\RTS,Baud,5,Timeout,[DataIn]   ' Briefly wait for delimiter 
 
  IF DataIn = "!" THEN                   ' If delimiter, get data 
    SERIN Rx\RTS,Baud,3000,Timeout,[DEC Val1]  ' Accept first value 
    SERIN Rx\RTS,Baud,3000,Timeout,[DEC Val2]  ' Accept next value 
                                         ' Display remotely and locally 
    SEROUT Tx, Baud, [CR,"Values = ", DEC Val1," ", DEC Val2,CR] 
    DEBUG CR,"Values = ", DEC Val1," ", DEC Val2,CR 
 
    GOSUB Get_dBm                        ' Retrieve RSSI level 
  ENDIF 
 
  GOTO Done                              ' Jump to done 
  Timeout: 
    DEBUG "."                            ' If no data, display dots 
  Done: 
LOOP 
 
' ************** Subroutines ***************************   
Get_dBm: 
  GOSUB Empty_Buffer                   ' Ensure no data left in XBee 
  PAUSE 5                              ' Short guard time 
  SEROUT Tx,Baud,["+++"]               ' Command Mode 
  PAUSE 5                              ' Short guard time 
  SEROUT Tx,Baud,["ATDB,CN",CR]        ' Request dBm Level (ATDB)& Exit 
                                       ' Accept returning HEX data with timeout 
  SERIN Rx\RTS,Baud,50,TimeOut_dB,[HEX DataIn] 
  SEROUT Tx,Baud,[CR,"RSSI = -",DEC DataIn,CR]  ' Display remotely 
  DEBUG "RSSI = -",DEC DataIn,CR                ' Display locally 
  TimeOut_dB: 
RETURN 
 
Empty_Buffer:                         ' Loop until no more data 
  SERIN Rx\RTS,Baud,5,Empty,[DataIn]  ' Accept, when no data exit 
  GOTO Empty_Buffer                   ' Keep accepting until empty 
  Empty: 
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 
Empty_Buffer to loop accepting data until the buffer is empty. 

 Get_dBm then sends the “+++” command sequence with very short delays. 

 ATDB is sent to request the RSSI level, which the XBee returns and is accepted using SERIN 
as a hexadecimal value. It is then 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: 

 Download Getting_dB_Level.bs2 to the Remote node. 

 For the Base node, enter several values, “!” with Enter, then several 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 data is lost in this instance. 

 

 

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 supports individual 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 DEBUGIN’s with SERIN structures. 

 Receiving serial data can be tricky and may require unique ”tweaks” to get the data received 
properly. An option may be to slow 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 means is to 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 XBee does not! 

 The SERIN instruction has a WAIT 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 WAIT modified. 
The SERIN instruction has many options. Please see the BASIC Stamp Help files for more 
information on SERIN. 

Propeller Chip 
The Propeller chip is an excellent microcontroller for handling communications. Between the 
Propeller’s speed, multi-core processing, and available objects, serial 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. Data will be manually entered using a terminal program connected for the Base node to be 
transmitted to the Remote node’s controller and displayed to investigate data reception. 

Hardware: 

(1) Propeller P8X32A and development  board, using a 5 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 Ω 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.  
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 Connect the Propeller to an XBee Adapter Board as shown in Figure 4-9. LEDs and resistors 
are optional but are useful. 

 
 

Figure 4-9: Propeller to XBee Adapter Board Interface with Optional LEDs 

 

Software 

 Propeller Tool Software, available from the Downloads link at www.parallax.com/propeller. 

 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 as illustrated in Figure 4-10. 
 

 
 

Figure 4-10: Cogs Passing Serial Data 
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{{ 
   *************************************** 
   * Serial_Pass_Through                 * 
   *************************************** 
   *  See end of file for terms of use.  *                
   *************************************** 
 
   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.    
}} 
 
CON 
  _clkmode = xtal1 + pll16x 
  _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 
                                                                        
OBJ 
  PC    : "FullDuplexSerial"   
  XB    : "FullDuplexSerial" 
 
Pub Start  
  PC.start(PC_Rx, PC_Tx, 0, PC_Baud) ' Initialize comms for PC   
  XB.start(XB_Rx, XB_Tx, 0, 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: 

 As mentioned, two cogs are used with one running the Start method, and one running the 
XB_to_PC method.  

 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. 

 In Start, a byte from the PC is requested and passed to the XBee using XB.tx(PC.rx). This is 
equivalent to accepting a byte to a variable, then sending the byte: 
 
DataIn := PC.Rx 
XB.Tx(DataIn) 
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The benefit in not storing it before transmission is the lower processing time needed, which 
increases the execution speed. 
 

 In the XB_to_PC method, data is accepted from the XBee and passed to the PC, allowing data 
to flow in both directions at the same time using two cogs—full duplex communications. 

 

Testing: 

 You may use: 

o One XBee on a USB Adapter and one connected to the Propeller running 
Serial_Pass_Through.spin. 
—OR— 

o 2 Propellers connected to XBee modules running Serial_Pass_Through.spin. 

 Download the code to controller(s). 

 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). 

 Type in each window to send data to the other. 

 Test using the Send Packet window as well, as shown in Figure 4-11. 

 

 
Figure 4-11: Serial Pass Through Chatting 

 
 Using a Propeller-connected XBee, open the Modem Configuration tab and verify that you 

can load and save configuration settings via the 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 course, in this example we are simply passing bytes, though code may be written to use the byte 
values, or as data for processing based on its value: 
 

DataIn := XB.rx 
If DataIn == "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 FullDuplexSerial object in 
Simple_Debug.spin to send information back to the Base node for monitoring. 
 
{{ 
   *************************************** 
   * Simple_Debug                        * 
   *************************************** 
   *  See end of file for terms of use.  *                
   *************************************** 
   Demonstrates debugging to Remote terminal      
}} 
 
CON 
  _clkmode = xtal1 + pll16x 
  _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 
  CR        = 13   ' Carriage Return value       
    
Var 
  word stack[50] 
                                                                        
OBJ 
   XB    : "FullDuplexSerial" 
 
Pub  Start | Counter 
XB.start(XB_Rx, XB_Tx, 0, 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   
   waitcnt(clkfreq / 1000 * ms + cnt) 
 

Analyzing the code: 

 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. 

 The value of Counter is incremented from 1 to 20, a string is sent to the Base using XB.str 
method, and the Counter value is sent using XB.dec method. 

 The line is terminated by sending the byte value of 13 for a carriage return (CR). 
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Testing: 

 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 terminal window. 

 Set up the Remote node with a Propeller running Simple_Debug.spin. 

 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 decimal 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. 

 
{{ 
   *************************************** 
   * Simple_Decimal_Receive              * 
   *************************************** 
   *  See end of file for terms of use.  *                
   *************************************** 
 
   Demonstrates receiving and echoing decimal value     
}} 
 
CON 
  _clkmode = xtal1 + pll16x 
  _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 
 
      
OBJ 
   XB    : "XBee_Object" 
 
Pub Start | Value 
XB.start(XB_Rx, XB_Tx, 0, 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 needs to be 
terminated with a carriage return (enter key) or by a comma to separate values. 

 Once a decimal value 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: 

 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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 Set up the Remote node with a Propeller running Simple_Decimal_Receive.spin. 

 Test sending decimal value in the X-CTU terminal window of the Base node by entering 
values and using the Enter key. 

 Use the Send Packet window using carriage returns between values as shown in Figure 4-13. 
Note that no data is 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 val1 and val2, such as: 

10 & 20 
10 & 30 
10 & 50 

…on reception, the Propeller gets out of sequence so that the data it receives is: 

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. 
 
{{ 
   *************************************** 
   * Mulitple_Decimal_Receive            * 
   *************************************** 
   *  See end of file for terms of use.  *                
   *************************************** 
   Demonstrates receiving multiple decimal 
   value with start delimiter      
}} 
 
CON 
  _clkmode = xtal1 + pll16x 
  _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 
 
  ' Carriage return value 
  CR = 13 
      
OBJ 
   XB    : "XBee_Object" 
 
Pub  Start | DataIn, Val1,Val2 
XB.start(XB_Rx, XB_Tx, 0, XB_Baud) ' Initialize comms for XBee 
XB.Delay(1000)                     ' One second delay    
XB.str(string("Awaiting Data...")) ' Notify Base 
XB.CR  
 
Repeat 
  DataIn := XB.RxTime(100)         ' Wait for byte with timeout 
  If DataIn == "!"                 ' Check if delimiter 
    Val1 := 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(Val1)                    ' Decimal value 
      XB.Str(string(CR,"Value 2 = ")) ' Display remotely 
      XB.Dec(Val2)                    ' 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 Val1 
and Val2. 

 Identifying strings and decimal values are sent back to the Base unit for display. 

 Upon timeout with a value of -1, a dot is sent to the Remote terminal to indicate processing is 
continuing. 

 

 
Figure 4-14: Multiple Decimal Receive Testing 
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Testing: 

 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. 

 Set up the Remote node with the Propeller running Multiple_Decimal_Receive.spin. 

 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. 

 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 !300, 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 always 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 XBee 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. 
 
{{ 
   *************************************** 
   * Config_Getting_dB_Level             * 
   *************************************** 
   *  See end of file for terms of use.  *                
   *************************************** 
   Demonstrates receiving multiple decimal 
   value with start delimiter     
}} 
 
CON 
  _clkmode = xtal1 + pll16x 
  _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 
 
  ' Carriage return value 
  CR = 13 
      
OBJ 
   XB    : "XBee_Object" 
 
Pub  Start | DataIn, Val1,Val2 
XB.start(XB_Rx, XB_Tx, 0, 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(string("Awaiting Data..."))    ' Notify Base 
XB.CR  
 
Repeat 
  DataIn := XB.RxTime(100)            ' Wait for byte with timeout 
  If DataIn == "!"                    ' Check if delimiter 
    Val1 := XB.RxDecTime(3000)        ' Wait for 1st value with timeout 
    Val2 := XB.RxDecTime(3000)        ' Wait for next 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(Val1)                    ' Decimal value 
      XB.Str(string(CR,"Value 2 = ")) ' Display remotely 
      XB.Dec(Val2)                    ' Decimal value 
 
      XB.RxFlush                      ' Clear buffer 
      XB.AT_Config(string("ATDB"))    ' Request dB Level 
      DataIn := XB.RxHexTime(200)     ' Accept returning hex value 
      XB.Str(string(13,"dB level = "))' Display remotely 
      XB.Dec(-DataIn)                 ' Value as negative decimal 
      XB.CR 
  Else 
    XB.Tx(".")                        ' Send dot to show actively waiting 

 

Code Analysis: 

 Just as when we manually configure the XBee, 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 
data from 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. 
}} 
 
    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 : 
 
DataIn := XB.RxHexTime(200) 
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 The dBm level is displayed by sending it back to the Base unit. 

 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: 

 Base node XBee connected to PC using USB adapter (or a Propeller with 
Serial_Pass_Through.spin) and X-CTU terminal window. 

 Remote node XBee with Propeller running Config_Getting_dB_Level.spin. 

 Test using the ‛!’ delimiter and values. Note that the dBm level is returned after a good set of 
data and remaining data is lost, 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. 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 Propeller resets with a code 
download, the XBee 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 all up to 
the programmer. The programmer must employ some networking strategy to help ensure application 
data is 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 
topologies include point-to-point and point-to-multipoint. 
 
In either topology, but especially 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 data is to be returned, is sent back to address 0. 
 

 
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 also 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 
node is 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 Node Communicating 
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 API Mode (Chapter 6). 
 

Figure 5-3: Point-to-Multipoint 

All Nodes Able to Talk to Other Nodes 
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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 all 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 
all incoming data. 
 

Figure 5-4: Point-to-Multipoint 

Broadcasting Data to All Nodes 

Polling Strategy 
In moving data in 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 always 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 a list 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. 

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 a low-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 allows 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. There is 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 
(2) XBee SIP or  5V/3.3V Adapter boards 
(2) XBee modules with default settings 
(1) Pushbutton 
(1) LED 
(1) Buzzer (piezospeaker) 
(1) Servo 

(1) Phototransistor 
(1) 0.01µF capacitor 
(1) 10 kΩ Resistor 
(1) 220 Ω Resistor  
 
Optional: XBee USB Adapter and 
additional 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 5-5 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. 

  

 

 
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 Freq is incremented by 500 
and sent as a decimal value to the Remote node, increasing the pitch of the buzzer. If the value of 
Freq exceeds 5000, it is reset to 500. 
 
' *********************************************** 
' Simple_Control_Base.bs2 
' Sends changing frequency when button pressed 
' *********************************************** 
' {$STAMP BS2} 
' {$PBASIC 2.5} 
 
#SELECT $STAMP 
  #CASE BS2, BS2E, BS2PE 
    T9600       CON     84 
  #CASE BS2SX, BS2P 
    T9600       CON     240 
  #CASE BS2PX 
    T9600       CON     396 
#ENDSELECT 
 
' ***************** Variables, Constants and Pins 
Baud            CON     T9600   ' Set baud rate 
Rx              PIN     15      ' XBee DOUT 
Tx              PIN     14      ' XBee DIN 
PB              PIN     0       ' Pushbutton 
Freq            VAR     Word 
 
' ***************** Main Loop 
DO 
 IF PB = 1 THEN                     ' If button pressed... 
   Freq = Freq + 500                ' Increment Frequency 
   IF Freq > 5000 THEN Freq = 500   ' Limit to 500 to 5000 
   SEROUT Tx, Baud,[DEC Freq,CR]    ' Send Frequency as decimal 
   PAUSE 500                        ' Short delay 
 ENDIF 
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. 
 
' *************************************************** 
' Simple_Control_Remote.bs2 
' Receives decimal value to control buzzer and LED 
' *************************************************** 
' {$STAMP BS2} 
' {$PBASIC 2.5} 
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#SELECT $STAMP 
  #CASE BS2, BS2E, BS2PE 
    T9600       CON     84 
  #CASE BS2SX, BS2P 
    T9600       CON     240 
  #CASE BS2PX 
    T9600       CON     396 
#ENDSELECT 
 
' ***************** Variables, Constants and Pins 
Baud            CON     T9600 ' Set Baud rate 
 
Rx              PIN     15    ' XBee DOUT 
Tx              PIN     14    ' XBee DIN 
Led             PIN     0 
Buzzer          PIN     8 
Freq            VAR     Word 
 
' ***************** Main Loop 
DO 
 SERIN Rx, Baud, [DEC Freq]      ' Wait for decimal and accept 
 HIGH LED                        ' Turn on LED 
 FREQOUT Buzzer,200,Freq         ' Sound tone 
 LOW LED                         ' Turn off LED 
LOOP                         
 

Testing: 

 Download Simple_Control_Base.bs2 to your Base node’s BASIC Stamp. 

 Download Simple_Control_Remote.bs2 to your Remote node’s BASIC Stamp. 

 Press and hold the Base node’s pushbutton to test. 

 

 
Optional Testing and Monitoring 

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 
SEROUT Tx,Baud,[DEC DataOut,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 (RCTIME, 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.     

 
' ****************************************************** 
' Manual_Polling_Base.bs2 
' This program: 
'   - Configures XBee for fast AT Command Mode 
'   - Using DEBUG Window, User can control Remote 
'     L-LED, B-Buzzer, S-Servo or R-Read Remote sensor 
'   - Sets address and data to selected node address 
'   - Accepts an acknowledgement value 
'   - Requires 802.15.4 XBee (Series 1) 
' ****************************************************** 
' {$STAMP BS2} 
' {$PBASIC 2.5} 
 
#SELECT $STAMP 
  #CASE BS2, BS2E, BS2PE 
    T9600       CON     84 
  #CASE BS2SX, BS2P 
    T9600       CON     240 
  #CASE BS2PX 
    T9600       CON     396 
#ENDSELECT 
 
' ***************** Variables, Constants and Pins 
Baud            CON     T9600  ' Set Baud rate 
 
Rx              PIN     15     ' XBee DOUT 
Tx              PIN     14     ' XBee DIN 
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DataOut         VAR     Word   ' Frequency to send 
DL_Addr         VAR     Word   ' Destination address for data 
DataIn          VAR     Byte   ' General variable for data 
Light           VAR     Word   ' Returned light level 
 
' ***************** Configure XBee in AT Command Mode 
PAUSE 500 
DEBUG CLS,"Configuring XBee..." 
 
PAUSE 3000                        ' Guard time 
SEROUT Tx,Baud,["+++"]            ' Command Mode Sequence 
PAUSE 2000                        ' Guard time 
SEROUT Tx,Baud,["ATGT 3,MY 0",CR] ' Set low guard time and Base address 
SEROUT TX,Baud,["ATCN",CR]        ' Exit Command Mode 
 
' ***************** Main Loop 
DO 
  ' Request address and action in DEBUG Window 
  DEBUG CLS,"Enter Node Address in Hex (1-FFFF):" 
  DEBUGIN HEX DL_Addr                   ' Accept address in Hex 
  GOSUB Config_XBee                     ' Set DL address of 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, 
        "? " 
  DEBUGIN DataIn                        ' Accept choice 
 
  ' If Servo Control, get value and send 
  SELECT DataIn 
   CASE "S","s" 
    DEBUG CR,"Enter Servo Position (500-1000):" 
    DEBUGIN DEC DataOut                    ' Accept user data 
    DEBUG "Sending Data!",CR 
    SEROUT Tx,Baud,["S",CR,CR]             ' Send S 
    SEROUT Tx,Baud,[DEC DataOut,CR,CR]     ' Send Data 
    GOSUB CheckAck                         ' Get acknowledgement 
    GOTO Done 
 
  ' LED control, get state and send 
   CASE "L","l" 
    DEBUG CR,"Enter LED State (0/1):" 
    DEBUGIN DEC DataOut                    ' Accept user data 
    DEBUG "Sending Data!",CR 
    SEROUT Tx,Baud,["L",CR,CR]             ' Send L 
    SEROUT Tx,Baud,[DEC DataOut,CR,CR]     ' Send LED state 
    GOSUB CheckAck                         ' Get Acknowledgement 
    GOTO Done 
 
  ' Buzzer control, get value and send 
   CASE "B","b" 
    DEBUG CR,"Enter Buzzer Frequency:" 
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    DEBUGIN DEC DataOut                    ' Accept user data 
    DEBUG "Sending Data!",CR 
    SEROUT Tx,Baud,["B",CR,CR]             ' Send B 
    SEROUT Tx,Baud,[DEC DataOut,CR,CR]     ' Send Buzzer Frequency 
    GOSUB CheckAck                         ' Get Acknowledgement 
    GOTO Done 
 
  ' Get reading from Remote sensor 
   CASE "R","r" 
    DEBUG CR,"Requesting reading...",CR 
    SEROUT Tx,Baud,["R",CR,CR]               ' Send R 
    SERIN  Rx,Baud,1000, Timeout,[DEC Light] ' Accept returning data 
    DEBUG "Light level = ", DEC light,CR     ' Display 
    GOTO Done 
  ENDSELECT 
Timeout: 
  DEBUG "No data received",CR 
Done: 
  PAUSE 2000 
LOOP 
 
Config_XBee: 
  ' Configure XBee for destination node address 
  PAUSE 10                                  ' Short guard time 
  SEROUT Tx,Baud,["+++"]                    ' Command Mode sequence 
  PAUSE 10                                  ' Short guard time 
  SEROUT TX,Baud,["ATDL ", HEX DL_Addr,CR]  ' Set Destination Node Address 
  SEROUT Tx,Baud,["ATCN",CR]                ' Exit Command Mode 
RETURN 
 
CheckAck: 
  SERIN Rx,Baud,1000,CheckTimeout,[DEC dataIn] ' Accept incoming byte 
  IF dataIn = 1 THEN                           ' If 1, then ack'd 
    DEBUG BELL,"OK - Ack Received!",CR 
  ELSE                                         ' If received, but not "1", problem 
    DEBUG "Bad Ack!",CR 
  ENDIF 
  RETURN 
CheckTimeout: 
  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 value for control (if L, S, or B) or sends the 
phototransistor’s reading (if R). For control actions, it sends back a decimal 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 Control 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 SERIN operation. 
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' ****************************************************** 
' Polling_Remote.bs2 
' This program accepts a character and values: 
'   - L & 0 or 1 to control state of LED 
'   - B & value to control buzzer frequency 
'   - S & value to control servo position 
'   - R to return value of light sensor 
' Return acknowledgements or value to Base 
' The address of node may be set by changing MY_Addr value 
' Requires 802.15.4 XBee (Series 1) 
' ****************************************************** 
' {$STAMP BS2} 
' {$PBASIC 2.5} 
 
#SELECT $STAMP 
  #CASE BS2, BS2E, BS2PE 
    T9600       CON     84 
  #CASE BS2SX, BS2P 
    T9600       CON     240 
  #CASE BS2PX 
    T9600       CON     396 
#ENDSELECT 
 
'****************** Variable, Constants and Pins 
Baud            CON     T9600 
 
LED             PIN     0 
Buzzer          PIN     8 
PhotoT          PIN     5 
Servo           PIN     12 
 
Rx              PIN     15   ' XBee DOUT 
Tx              PIN     14   ' XBee DIN 
RTS             PIN     11   ' XBee RTS 
 
Freq            VAR     Word ' Received frequency for buzzer 
State           VAR     Bit  ' Received state of LED 
DataIn          VAR     Byte ' General byte data 
Light           VAR     Word ' Measured light level 
Position        VAR     Word ' Received servo position 
 
My_Addr         CON     $2   ' Set address of node, modify as desired, $1-$FFFE 
 
' ***************** Configure XBee to use RTS and set Address 
Position = 750 
 
PAUSE 500 
DEBUG CLS,"Configuring XBee...",CR 
PAUSE 3000                      ' Guard time 
SEROUT Tx,Baud,["+++"]          ' Command Mode Sequence 
PAUSE 2000                      ' Guard time 
SEROUT Tx,Baud,["ATD6 1",CR]    ' Enable RTS 
SEROUT Tx,Baud,["ATMY ", HEX My_Addr,CR]  ' Set node address 
SEROUT Tx,Baud,["ATDL 0,CN",CR] ' Set destination address of Base 
                                ' & Exit Command Mode 
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' ***************** Main Loop 
DO 
  GOSUB AcceptData 
  GOSUB Control 
LOOP 
 
AcceptData: 
  SERIN Rx\RTS,Baud,10,Timeout,[DataIn]       ' Accept byte 
  SELECT DataIn 
    CASE "L"                                  ' L to control LEF 
      SERIN Rx\RTS,Baud,1000,Timeout,[DEC State]' Accept LED state 
      PAUSE 200                               ' Give Base time to set up 
      SEROUT Tx,Baud,[CR,DEC 1,CR]            ' Return acknowledgment 
 
    CASE "B"                                  ' B to set Buzzer 
      SERIN Rx\RTS,Baud,1000,Timeout,[DEC Freq] ' Accept buzzer frequency 
      PAUSE 200                               ' Give Base time to set up 
      SEROUT Tx,Baud,[CR,DEC 1,CR]            ' Return acknowledgment 
 
    CASE "S"                                  ' S to control Servo 
      SERIN Rx\RTS,Baud,1000,Timeout,[DEC Position]' Accept position 
      PAUSE 200 
      SEROUT Tx,Baud,[CR,DEC 1,CR]            ' Return acknowledgment 
 
    CASE "R"                                  ' R to read light sensor 
      HIGH PhotoT                             ' Use RCTime to get value 
      PAUSE 5 
      RCTIME PhotoT,1,Light 
      PAUSE 100                               ' Give Base time to set up 
      SEROUT Tx, Baud,[DEC Light,CR]          ' Send value to Base 
   ENDSELECT 
Timeout: 
RETURN 
 
Control: 
  IF State = 1 THEN                          ' Control LED based on state 
    HIGH LED 
  ELSE 
    LOW LED 
  ENDIF 
 
  IF Freq <> 0 THEN                          ' Control Buzzer based on Freq 
    FREQOUT Buzzer,50,Freq 
  ELSE 
    PAUSE 100 
  ENDIF 
 
  FOR DataIn = 1 TO 20                       ' Control Servo based on Position 
    PULSOUT Servo, Position 
    PAUSE 20 
  NEXT 
RETURN 
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Testing: 

 Open Polling_Remote.bs2 

 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.bs2 and download to your Base hardware. 

 Using the Debug Terminal’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. 

 Note that the Node Address is entered as a "2" in the Debug Terminal without the 
hexadecimal identifier of $. 

 

 
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. You 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 XBee 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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 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. 

 Place the USB-connected XBee on a Remote’s address (ATMY 2) to monitor data from the 
Base node to the Remote node.  

 Place the USB-connected XBee to send to the Remote node’s address (ATDL 2) with the 
MY address of 0 (ATMY 0). 

 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,  

o R to read 

 

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 value 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 
WHILE... LOOP to send the data several times (keeping track with a counter) until the retry 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 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 status is 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. Frequency, 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: 
 

' ***************** Main Loop  
DO 
  FOR DL_Addr = Start_Addr TO End_Addr  ' loop through range of addresses 
     DEBUG CR,CR,"***** Starting Control of Address ", 
                        IHEX DL_Addr," *******" 
     GOSUB Config_XBee                              ' Set DL address 
     State = 1       :GOSUB LED_State   : PAUSE 200 ' Set Remote LED 
     Position = 500  :GOSUB Servo_Pos   : PAUSE 200 ' Set Remote servo 
     Freq = 5000     :GOSUB Buzzer_Freq : PAUSE 200 ' set Remote buzzer 
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     GOSUB Read_Light                   : PAUSE 200 ' Go read Remote 
     GOSUB Get_dB                                   ' Go read & display dB 
     Freq = 0        :GOSUB Buzzer_Freq : PAUSE 200 ' Set Remote buzzer 
     Position = 1000 :GOSUB Servo_Pos   : PAUSE 200 ' Set Remote servo 
     State = 0       :GOSUB LED_State   : PAUSE 200 ' Set Remote LED 
     PAUSE 2000 
   NEXT 
 
   DEBUG CR, CR,"********* Control All Nodes! **********" 
   DL_Addr = $FFFF                                ' Set to control ALL nodes 
   GOSUB Config_XBee                                ' Set DL address 
     State = 1       :GOSUB LED_State   : PAUSE 200 ' Set all Remote LEDs 
     Position = 500  :GOSUB Servo_Pos   : PAUSE 200 ' Set all servos 
     Freq = 5000     :GOSUB Buzzer_Freq : PAUSE 200 ' Set all buzzers 
     Freq = 0        :GOSUB 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 
 
Get_dB: 
  ' Request, accept, display dB level 
  PAUSE 10                                  ' Short guard time 
  SEROUT Tx,Baud,["+++"]                    ' Command Mode sequence 
  PAUSE 10                                  ' Short guard time 
  SEROUT TX,Baud,["ATDB",CR]                ' request dB level 
  SERIN Rx,Baud,200,dB_Timeout,[HEX DataIn] ' Accept returning data 
  SEROUT Tx,Baud,["ATCN",CR]                ' Exit Command Mode 
  DEBUG CR,"                       RSSI dB = -", DEC DataIn 
dB_timeout: 
RETURN 
 

Testing: 

 Open Polling_Remote.bs2 

 Modify the MY_Addr constant to assign your Remote’s address, $1 to $FFFE (code default 
is $2). 

 Download to your Remote node hardware. 

 Repeat steps above for any additional Remotes, giving each a unique address. 

 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). 

 Download to your Base hardware. 

 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. 
 

 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 this is 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. 
 

 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 a single transmission. 

 The Base node monitors for the ‘C’  start delimiter and accepts incoming data. 

 The Base node will configure DL for the  Remote’s address using fast Command Mode. 

 The Base node will calculate changes and send out “U” and all updated values to the Remote 
node in a single transmission. 

 The Remote node waits for a short time for ‘U’ and updated data. 

 Base is ready for an update from another unit. 
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Partial code listing for Scheduled_Base.bs2; please see distributed files for full listing: 
 

' ***************** Main Loop 
DO 
  SERIN Rx\RTS,Baud,20,UpdateTOut,[DataIn]  ' Wait for "C" with timeout 
  IF DataIn = "C"  THEN                     ' If "C" (Current), collect 
    DEBUG CR,"Incoming Data",CR 
    ' Accept incoming values with timeout 
    SERIN Rx\RTS,Baud,1000,UpdateTOut,[HEX DL_Addr] 
    SERIN Rx\RTS,Baud,1000,UpdateTOut,[DEC Light] 
    SERIN Rx\RTS,Baud,1000,UpdateTOut,[DEC State] 
    SERIN Rx\RTS,Baud,1000,UpdateTOut,[DEC Freq] 
    SERIN Rx\RTS,Baud,1000,UpdateTOut,[DEC Position] 
 
    DEBUG CLS, "                    Unit ", IHEX DL_Addr," Reports",CR, 
          "Light Reading: ", DEC Light,CR,          ' Display data 
          "LED State:     ", DEC State,CR, 
          "Frequency:     ", DEC Freq,CR, 
          "Position:      ", DEC Position,CR 
 
    GOSUB Config_XBee                    ' Configure XBee for DL address 
    GOSUB ChangeRemote                   ' Change device values 
 
    SEROUT 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 Position,CR]       ' Send new position 
  ENDIF 
UpdateTout: 
DEBUG "." 
LOOP 
 
ChangeRemote: 
  Freq = Freq + 500                        ' Add 500 to received value 
  IF Freq > 5000 THEN Freq = 1000          ' limit 1000-5000 
  DEBUG CR,"Setting buzzer to frequency of:", DEC Freq 
  IF State = 1 THEN                        ' Change LED state 
    State = 0 
  ELSE 
    State = 1 
  ENDIF 
  DEBUG CR,"Setting LED to state of:       ", DEC State 
  Position = Position + 50                 ' Add 50 to servo position 
  IF position > 1000 THEN Position = 500   ' Limit 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. FlushBuffer 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 AcceptData ensures that erroneous characters 
won’t ruin accepting incoming data if SERIN gets something other than a “U” delimiter. 
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 

Choosing Start Delimiters 

We’ve used “!”, “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: 
 

' ***************** Main Loop 
 
PAUSE 1000 
DO 
  GOSUB FlushBuffer                 ' Ensure XBee buffer empty 
  GOSUB SendUpdate                  ' Send current values 
  GOSUB AcceptData                  ' Receive returned data 
  GOSUB Control                     ' Control Devices 
  PAUSE 3000                        ' Three seconds before sending again 
LOOP 
 
FlushBuffer:                        ' Empty XBee buffer 
  SERIN Rx\RTS,Baud,50,FlushTime,[DataIn] ' Get data 
  GOTO FlushBuffer                        ' If data, get more data 
FlushTime:                                ' If timed out, done 
RETURN 
 
SendUpdate: 
  GOSUB ReadLight                         ' Read light level 
  DEBUG CR,"Sending Updates",CR 
  SEROUT Tx,Baud,["C",CR,CR,              ' Send C and values 
                  HEX My_Addr,CR,CR,      ' Node's address 
                  DEC Light,CR,CR,        ' Light level 
                  DEC State,CR,CR,        ' LED state 
                  DEC Freq,CR,CR,         ' Frequency 
                  DEC Position,CR]        ' Servo position 
RETURN 
 
AcceptData: 
  SERIN Rx\RTS,Baud,1000,UpdateTout,[DataIn]        ' Accept byte 
  IF DataIn = "U"  THEN                             ' If "U", then accept 
    SERIN Rx\RTS,Baud,1000,UpdateTOut,[DEC State]   ' LED State 
    SERIN Rx\RTS,Baud,1000,UpdateTOut,[DEC Freq]    ' Buzzer freq 
    SERIN Rx\RTS,Baud,1000,UpdateTOut,[DEC Position]' Servo Position 
    DEBUG "Updates:",CR                             ' Display 
    DEBUG "LED State:     ", DEC State,CR 
    DEBUG "Frequency:     ", DEC Freq,CR 
    DEBUG "Position:      ", DEC Position,CR 
  ENDIF 
  GOTO AcceptData                                   ' Ensure not more data 
UpdateTout: 
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. 

 

 

 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) 
 

This will 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 serial 
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 
(1) 0.01µF capacitor 
(1) 10 kΩ Resistor 
(1) 220 Ω 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 as the Parallax Serial Terminal). 
 

 

 
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 is a value 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 Freq, 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, 0, XB_Baud) ' Initialize comms for XBee 
  State := 0                         ' Initial state and frequency 
  Freq  := 0 
 
  repeat 
    if ina[PB] == 1                  ' 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 0 min 
      State := State - 10 #> 0       ' decrease state to 0 min 
 
    XB.Tx("!")                       ' 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 | DataIn  
  XB.start(XB_Rx, XB_Tx, 0, XB_Baud) ' Initialize comms for XBee 
 
  repeat 
    DataIn := XB.Rx                  ' Accept incoming byte 
    If DataIn == "!"                 ' If start delimiter 
      DataIn := XB.RxDecTime(500)    ' Accept value for LED state 
      if DataIn <> -1                ' If wasn't time out, set PWM 
        PWM_Set(LED,DataIn) 
                                         
      DataIn := XB.RxDecTime(500)    ' Accept value for Frequency 
      if DataIn <> -1                ' If wasn't timeout, set FREQOUT 
        Freqout_Set(Buzzer,DataIn) 

Testing: 

 Download Simple_Control_Remote.spin to the Remote node, and  Simple_Control_Base.spin 
to the Base node. 

 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, !200 (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_Object 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 value 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 a NACK except to display it, you may program a REPEAT-WHILE 
loop to send the data several times (keeping track with a counter) until a retry 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: 
 

OBJ 
   XB    : "XBee_Object" 
   PC    : "XBee_Object" ' Using XBee object on PC side for more versatility  
 
Pub  Start | Light, DataIn, DL_Addr, State, Freq 
  
  XB.Delay(2000) 
  PC.start(PC_Rx, PC_Tx, 0, PC_Baud) ' Initialize comms for PC 
  PC.str(string("Configuring XBee...",CR))  
  XB.start(XB_Rx, XB_Tx, 0, 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 ***",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: *****",CR)) 
    PC.str(string("L - Control LED",CR)) 
    PC.str(string("B - Contol Buzzer",CR)) 
    PC.str(string("R - Read Sensor",CR)) 
    DataIn := PC.Rx                   ' Accept action 
    XB.RxFlush 
     
    case DataIn                         
       "L","l": 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(light) 
                  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                       ' 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_Addr. 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 1 is returned. 
 
Partial code listing for Polling_Remote.spin; please see distributed file for full source code: 
 

Pub  Start | DataIn, Light  
  XB.start(XB_Rx, XB_Tx, 0, XB_Baud)       ' Initialize comms for XBee 
  XB.AT_Init                               ' Set up XBee for fast Command Mode 
  XB.AT_ConfigVal(string("ATMY "),MY_Addr) ' Configure node's address 
  XB.AT_Config(string("ATDL 0"))           ' Configure address of Base 
    
  XB.RxFlush                               ' Ensure XBee buffer empty 
  repeat 
     DataIn := XB.Rx                       ' Wait for byte 
     case DataIn 
       "L": DataIn := XB.RxDecTime(500)    ' If byte L, accept data from LED PWM 
            if DataIn <> -1                ' Ensure wasn't timeout 
              XB.Tx(1)                     ' Send ack byte of 1 
              PWM_Set(LED,DataIn)          ' Set PWM 
      
    
       "B": DataIn := XB.RxDecTime(500)    ' If byte B, accept data for buzzer 
                                           ' frequency 
            if DataIn <> -1                ' Ensure wasn't timeout 
              XB.Tx(1)                     ' Send ack byte of 1 
              Freqout_Set(Buzzer,DataIn)   ' Set buzzer frequency 
               
       "R": Light := RCTime(PhotoT)        ' If R, read RCTime of sensor 
            XB.DEC(Light)                  ' Send value 
            XB.CR 
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Testing: 

 Open Polling_Remote.spin and modify the MY_Addr value as desired, choosing different 
values for multiple Remote nodes (default is 2). 

 Download the code to the Remote node. 

 Repeat above if multiple Remotes are used. 

 Download Manual_Polling_Base.spin to the Base node (Use F11 in the event the terminal 
resets the Propeller). 

 Open a terminal 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. 

 Test both good and unused Remote node addresses. 

 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 XBee to a DL 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 (L200 + 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 level of the 
received packet using ATDB. For control actions, acknowledgements from Remote nodes are 
accepted and the status is displayed. Polling_Remote.spin is used on the Remote nodes. 
 
The Base node’s code uses a repeat loop 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 individually, 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, 0, PC_Baud) ' Initialize comms for PC 
  PC.str(string("Configuring XBee...",CR))  
  XB.start(XB_Rx, XB_Tx, 0, 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 ***")) 
                                     ' 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.RxFlush                                ' 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 ***")) 
      DL_Addr := $FFFF                          ' Set broadcast address 
      XB.AT_ConfigVal(string("ATDL "),DL_Addr) 
      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 
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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                               ' -1 means timeout 
     PC.str(string("No Response")) 
   else 
     PC.Dec(Light)                              ' Display value 
 
Pub GetdB 
   PC.str(string(CR,"Getting RSSI dBm:       ")) 
   XB.RxFlush                                   ' Empty buffer 
   XB.AT_Config(string("ATDB"))                 ' Request RSSI dB 
   DataIn := XB.RxHexTime(500)                  ' Accept returning data in HEX 
   If DataIn == -1                              ' -1 means timeout 
     PC.str(string("No Response",CR)) 
   else 
     PC.Dec(-DataIn)                            ' Display value in hex 

 

Testing: 

 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 
1 to 3. 

 Download to your Base node. 

 Using a terminal 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 allows a Remote node with an 
urgent update to send data without waiting to be polled. To limit the back-and-forth, all data is 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 data instead of sending control strings for LED and buzzer independently. 
 

 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 a single transmission. 
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 The Base monitors for the “C” start delimiter and accepts all incoming data. 

 The Base will configure DL for the Remote node’s address using fast Command Mode used 
by XB.AT_Config. 

 The Base node will calculate and send out “U” and all updated values to the Remote node in 
a single transmission. 

 The Remote node waits for a short time for “U” and updated data. 

 Base is ready 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, 0, PC_Baud) ' Initialize comms for PC 
  PC.str(string("Configuring XBee...",CR))  
  XB.start(XB_Rx, XB_Tx, 0, 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 
     
    DataIn := XB.rx                  ' Wait for incoming byte character 
    If DataIn == "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 **")) 
       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 | DataIn  
  XB.start(XB_Rx, XB_Tx, 0, 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 AcceptData| DataIn 
' Accept incoming settings 
 
  XB.RxFlush                          ' Ensure buffer empty 
  repeat 
     DataIn := XB.Rx                  ' Accept incoming byte character 
     case DataIn 
       "L": DataIn := XB.RxDecTime(500) ' If L, accept data for LED 
            if DataIn <> -1             ' Ensure not timeout value, -1 
              State := DataIn           ' Accept state 
              PWM_Set(LED,DataIn)       ' Set LED State 
      
    
       "B": DataIn := XB.RxDecTime(500) ' If B, buzzer data 
            if DataIn <> -1             ' Ensure not timeout value, -1 
              FreqIn := DataIn          ' Accept data for Frequency 
              Freqout_Set(Buzzer,DataIn)' Set buzzer Frequency 
 

 Open Scheduled_Remote.spin 

 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 a terminal window, monitor the updates as shown in Figure 5-12. 

 

 
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 all 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 all are powered up at once, such as:   

 
XB.Delay(1000 + (DL_Addr * 500)) 
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This will 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 data link 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 & API Mode 
In this chapter we will explore using Sleep and Reset with the XBee, and also dig into API 
(Application Programming Interface) mode, where data is sent as frames between the controller and 
the XBee modem. While allowing greater data handling abilities, API 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 is important 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 lines to 
the XBee are buffered on the XBee 5V/3.3V Adapter and the XBee SIP Adapter. However, the 
general I/O lines are not. Whether working with the BASIC Stamp or 5 V devices with the Propeller 
chip, it may be necessary to reduce the input voltage to around the 3.3 V level. With digital I/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 3.4 V, it is within the tolerance of the XBee. The reason for choosing these values is that the 
10 kΩ (R2) and 4.7 kΩ (R1) resistors are fairly popular sizes. To lower the voltage more, the size of 
R1 may be increased slightly or R2 decreased. 
 

 
 

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 XBee, 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 a little 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 kΩ for R1 and 100 kΩ 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 issues is 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 actual. 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 0 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 
Setting 

Transition into 
Sleep Mode 

Transition Out of 
Sleep Mode (Wake) 

Characteristics 
Related 

Commands 
Power 

Consumption

Pin 
Hibernate 
(SM = 1) 

Assert (high) 
Sleep_RQ (pin 9) 

De-assert (low) 
Sleep_RQ 

Pin/Host-controlled / 
NonBeacon systems 
only / Lowest Power 

(SM) <10 µA 
(@3.0 VCC) 

Pin Doze 
(SM = 2) 

Assert (High) 
Sleep_RQ (pin 9) 

De-assert (low) 
Sleep_RQ 

Pin/Host-controlled / 
NonBeacon systems 
only / Fastest wake-
up 

(SM) < 50 µA 

Cyclic 
Sleep 

(SM = 4) 

Automatic transition 
to Sleep Mode as 
defined by the SM 
(Sleep Mode) and ST 
(Time before Sleep) 
Parameters 

Transition occurs 
after the cyclic sleep 
time interval elapses. 
The time interval is 
defined by the SP 
(Cyclic Sleep Period) 
parameter. 

RF module wakes in 
pre-determined time 
intervals to detect if 
RF data is present / 
When SM = 5 

(SM), SP, 
ST 

< 50 µA when 
sleeping 

Cyclic 
Sleep 

(SM = 5) 

Automatic transition 
to Sleep Mode as 
defined by the SM 
(Sleep Mode) and ST 
(Time before Sleep) 
parameters or on a 
falling edge transition 
of the SLEEP_RQ pin 

Transition occurs 
after the cyclic sleep 
time elapses. The 
time interval is 
defined by the SP 
(Cyclic Sleep Period) 
parameter. 

RF module wakes in 
pre-determined time 
intervals to detect if 
RF data is present. 
Module also wakes 
on a falling edge of 
SLEEP_RQ. 

(SM), SP, 
ST 

< 50 µA when 
sleeping 

 
Typically, 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. This is important in that the XBee 
will not enter any sleep mode unless its 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 a Pin Sleep Mode (SM = 1 or SM = 2): 
 
SEROUT Tx, Baud, ["ATSM 1",CR]  
 

If you are using a Propeller chip, here is a Spin example using  XBee_Object.spin that does the same 
thing: 

 
XB.AT_Config("ATSM 1") 
 

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 is a good idea to 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 API 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. Another 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 
I/O, to allow this pin to be brought low while still allowing the XBee to bring the pin low itself. 
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API Programming and Uses 
In API 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 API 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 API Mode include: 

 Ensuring data sent from the controller to the XBee is free of errors. 

 Allowing controller code to verify data from the XBee to the controller is error free (error 
checking not currently implemented in XBee_Object.spin). 

 Building a frame for transmission with necessary information such as destination node 
address. 

 Ability to configure the XBee without flipping into Command Mode. 

 Reception of data from another node in a frame containing the source node’s address and 
RSSI level of received data. 

 Acknowledgement frames to ensure destiantion nodes received data and configuration 
information. 

 Special 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 XBee). 

 
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 API identifier is: 0x01 
(hexadecimal) or 1. The frame format is shown in Figure 6-2. 
 
 

 
 

Figure 6-2: API Frame Format for Data Transmission to 16-bit Address 
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Breaking down the frame: 

 

 Start Delimiter: All frames start with 0x7E ($7E) to mark the start of the frame. 

 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 LSB) for lengths over 255 bytes. 

 Frame Data includes: 

o API Identifier: The unique value identifying the function of the frame. 

o cmdData: Data to 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. 

 Destination 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 data to be transmitted. 

 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 values, 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: API 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 API 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: 
 

 With an XBee connected to USB, place the XBee in API Mode (ATAP 1) using the Modem 
Configuration tab or using Command Mode. 

 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 0 instead. 

 Try bad values—you should get no acknowledgement frame back because the packet was not 
accepted and therefore the acknowledgement not transmitted. 

 Return the XBee to AT Mode by setting ATAP to 0 and deselecting Enable API on PC 
Settings. 
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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. API 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 API 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. 
 

 
Figure 6-4: API Frame Format for Data Reception by 16-bit Address 

 
 
Please see the XBee manual for other frame types discussed in this chapter. 

Programming for API 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 API 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 (addy16,stringptr)| Length, chars, csum,ptr 
{{ 
  Transmit a string to a unit using API Mode - 16 bit addressing 
  XB.API_Str(2,string("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 '0 = Acc, 1 = No Ack 
 
 }} 
  ptr := 0 
  dataSet[ptr++] := $7E 
  Length := strsize(stringptr) + 5  ' API Ident + FrameID + API TX cmd + 
                                    ' AddrHigh + AddrLow + Options         
  dataSet[ptr++] := Length >> 8     ' Length MSB 
  dataSet[ptr++] := Length          ' Length LSB 
  dataSet[ptr++] := $01             ' API Ident for 16-bit TX  
  dataSet[ptr++] := _FrameID        ' Frame ID 
  dataSet[ptr++] := addy16 >>8      ' Dest Address MSB 
  dataSet[ptr++] := addy16          ' Dest Address LSB 
  dataSet[ptr++] := $00             ' Options '$01 = disable ack, 
                                    ' $04 = Broadcast PAN ID 
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  Repeat strsize(stringptr)         ' Add string to packet 
     dataSet[ptr++] := byte[stringptr++] 
  csum := $FF                       ' 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 
{{ 
  Process incoming frame based on Identifier 
  See individual cases for data returned. 
  Check ident with : 
  IF XB.rxIdent == value 
    and process data accordingly as shown below     
}} 
      
    ptr := 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:   '' ********* Rx 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 
                _srcAddr16 := dataSet[ptr++] << 8 + dataSet[ptr++]   
                _RSSI := dataSet[ptr++] 
                _RXopt := dataSet[ptr++] 
                bytefill(@_RxData,0,105) 
                bytemove(@_RxData,@dataSet+ptr,_RxLen-5) 
                _RxLen := _RxLen - 5 

 
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 RSSI 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 object, API_Base.spin, will be used to communicate to a local XBee using API Mode for a variety 
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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Figure 6-5: Propeller API Testing Configuration 

 
 Connect the hardware as shown (the I/O devices will be used later). 

 Using an open instance of X-CTU, set Remote node, the USB-Adapter connected XBee, to a 
MY of 2. 

 Have an instance of the X-CTU interface open for monitoring data communications with the 
Base node, the Propeller connected XBee. 

 Using F11, download API_Base.spin to your Propeller Base node, then open its terminal for 
display.  

 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 bytes in a single transmission takes a little more work that we will explore later. 
 

 Choice 1 in the API_Base.spin menu is to Send Character. Press 1 to select. 

 Set the number of the destination node for the character—Enter 2. 

 Type a character 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.” 
 



6: Sleep, Reset & API Modes 

Page 110    ·    Getting Started with XBee Modules  

 
Figure 6-6: Using API_Base.spin to Transmit a Character 

 
 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 
       "1": 
             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,"***** Rx Data Ident: $")) 
    PC.Hex(XB.RxIdent,2) 
    case XB.RxIdent 
 

When the Remote node’s XBee acknowledges reception to the Base node’s XBee, 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 
            0: PC.str(string("- ACK"))      
            1: PC.str(string("- NO ACK")) 
            2: PC.str(string("- CCA Failure")) 
            0: 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. 
 

 Use Set Frame ID (choice 9) to change the frame to 0 and send another character. Note that 
using a frame of 0 disables acknowledgement frames from being used, which can minimize 
the data we need to process. 

 Enter a Frame value of a higher value to turn acknowledgements back on. 

 

Transmitting a Decimal Value 

In order to send a decimal 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. 
 

 Use choice 2 of the menu to Send Value. 

 Enter the address of the Remote node: 2. 

 Enter a decimal value and press Enter. 

 Verify the value is shown on the Remote’s terminal and an “Ack” was received. 

 
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. 

 
       "2": 
             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_Str method as 
well. 

 
       "3":   
             PC.str(string(13,13,"Enter address of Remote node (Hex): ")) 
             Addr := PC.RxHex 
             PC.str(string("Enter string to send: ")) 
             ptr := 0 
             repeat 
                strIn[ptr++] := PC.Rx 
             while (strIn[ptr-1] <> 13) and (ptr < 100) 
             strIn[ptr-1] := 0                      
             XB.API_str(Addr, @strIn) 
             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. 

 
       "4":   
             PC.str(string(13,13,"Enter address of Remote node (Hex): ")) 
             Addr := PC.RxHex 
             PC.str(string("Enter string to send: ")) 
             ptr := 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(@strIn) 
             XB.API_AddStr(num.toStr(Value,num#dec)) 
             XB.API_AddByte(13) 
             XB.API_str(Addr,XB.API_Packet) 
             PC.str(string("String & Value Sent!")) 
             XB.Delay(2000) 
 

After the data is 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 is called to transmit the data, using  XB.API_Packet as a pointer to the data.  
 
Note that API_Str expects valid string data ending with a terminating 0 (done by filling the 
API_Packet with all 0’s before use when XB.NewPacket is called). If data containing a 0 needs to be 
sent, the XB.API_txPacket method must be used instead providing the number of bytes to send (size): 

 
XB.API_TxPacket(addr, pointer, size) 
 

Receiving Data 

As data is received by the Base node’s XBee, it is placed into a frame for delivery to the Propeller. 
API_Base.spin will demonstrate ways of pulling out the incoming data for use,  as well as use of 
other information in the received frame. 
 

 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. 

 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 RSSI 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("OK")) 

 
Also note that an “OK” is shown on the Remote node’s terminal and the Base node’s terminal 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: 
 

 Clear the old data and enter 100,200 in the Remote node’s Send Packet window and send 
data. 

 On the Base node, you should see 100 and 200 for 1st value and 2nd value respectively, along 
with the other data. 

 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 2nd decimal value from a string 
of text held in XB.RxData: 
 
XB.ParseDec(XB.RxData,2) 
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Local Configuration 

While in API 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 API 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. 

 
 Select choice 5. 

 Enter D5 for configuration parameter (association indication output). 

 Enter 0 for value (disable indicator). 

 If you have the LED connected to IO4, 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.  
 

       "5": 
             PC.str(string(13,13,"Enter 2-letter Command Code: ")) 
             strIn[0] := 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 normal code 
(non-interactive), the following code may be used to send configuration information: 

 
XB.API_Config(string("D5"),0) 
 

Local Query of Configuration Value 

You 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: 

 
       "6": 
             PC.str(string(13,13,"Enter 2-letter Command Code: ")) 
             strIn[0] := PC.rx 
             strIn[1] := PC.rx 
             strIn[2] := 0 
             XB.API_Query(@StrIn) 
             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 
            0:  PC.str(string(" - OK")) 
            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,4) 
 

Remote XBee Configuration 

If you have firmware 10CD or higher installed on the XBee modules, you can also 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. 
 

 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 a value of 5 to turn it on. 
 
       "7": 
             PC.str(string(13,13,"Enter address of Remote node (Hex): ")) 
             Addr := PC.RxHex 
             PC.str(string(13,"Enter 2-letter Command Code: ")) 
             strIn[0] := PC.rx 
             strIn[1] := PC.rx 
             PC.str(string(13,"Enter Value (Hex): ")) 
             Value := PC.RxHex 
             XB.API_RemConfig(Addr,@StrIn, 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 a value to query. 
 
Code to send query: 

 
       "8": 
             PC.str(string(13,13,"Enter address of Remote node (Hex): ")) 
             Addr := PC.RxHex 
             PC.str(string(13,"Enter 2-letter Command Code: ")) 
             strIn[0] := 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:    ")) 
         PC.hex(XB.srcAddr,4) 
         PC.str(string(13," Status:          ")) 
         PC.Dec(XB.Status) 
         Case XB.Status 
            0:  PC.str(string(" - OK")) 
            1:  PC.str(string(" - Error")) 
            2:  PC.str(string(" - Invalid Command")) 
            3:  PC.Str(string(" - Invalid Parameter")) 
            4:  PC.str(string(" - No Response")) 
         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,4) 
 

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 I/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 IT setting (samples before transmit). XBee_Object.spin only accepts one sample 
per transmission at this time. 
 
The XBee needs to be configured with appropriate I/O 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 resistors in the configuration. 
 

 Through the X-CTU Modem Configuration tab, configure the Remote node’s USB XBee for 
the following: 

o MY to 1 (Remote XBee to address 1) 

o I/O Setting D0 to ADC (2) (to read analog input) 

o I/O Setting D1 to ADC (2) (to read analog input) 

o I/O Setting D3 to DI (3) (to read digital input) 

o I/O Setting D4 to DI (3) (to read digital input) 

o IR Setting to $7D0 (2000 decimal to sample once every two seconds) 

 Monitor the Propeller-connected Base node in X-CTU. 

 Information similar to Figure 6-8 should be displayed. 

 

 

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.  
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Figure 6-8: Analog and Digital Testing Results 

 
Figure 6-8 shows the data sent from the Remote XBee 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 D0 and D1 as 
both decimal and converted to millivolts based on the 3.3 V reference. The full digital data is shown 
and the active digital inputs on D3 and D4.  Note that per our hardware, we only have an analog 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 as in Figure 6-9. 



6: Sleep, Reset & API Modes 

Page 118    ·    Getting Started with XBee Modules  

 
Figure 6-9: ADC and Digital Data Format 

 
The Header defines the number of samples in the transmission and sets any bit high for which analog 
or digital data is sent. The Sample Data contains the actual digital data as two bytes, and the MSB and 
LSB bytes (for 10-bit data, maximum value 1023) of each analog channel sent. 
 
Looking at our actual data contents received for the last transmission: 

 01 = Number of samples: 1 

 06 = Analog channels A1 and A2 are active (Binary 0000_0110) 

 18 = Digital channels D4 and D3 are active (Binary 0001_1000) 

 00 = DIO line data is all 0’s for upper byte (Only D8 and rest unused) 

 08 = DIO line data for D7 to D0, only D3 is high (Binary 0000_1000) 

 00 & 35 = Analog channel 0 data (0035 converted to decimal = 53) 

 02 & 89 = Analog 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 
is returned. 

 
      $83:                                      ' ADC / Digital I/O Data 
         PC.str(string(13,"ADC/Digitial 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 0 to XB.RxLen - 1       ' Loop thru each data byte 
           PC.Hex(byte[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.Dec(XB.rxADC(Ch))                ' display channel data 
             PC.str(string(" = ")) 
             PC.Dec(XB.rxADC(Ch) * 3300 / 1023)  ' display in millivolts 
             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 I/O instead. D0 to D7 on the Remote will control D0 to D7 on the Base 
respectively. If analog values are read instead, an analog value on D0 or D1 can control PWM outputs 
on PWM0 (normally used for RSSI) and PWM1 respectively. 
 
To configure the Base node for accepting Line Passing, use menu choice 5 for the following setting 
where specified on the Base node. 
 

 Ensure the Remote node is configured for sampling analog and digital data from the previous 
section. 

 Unplug the Remote from USB to stop data from being sent. 

 Set IA to 1: Sets the address from which data will be used, for our example, the Remote node 
is at an address of 1 (FFFF may be used to accept data from any device). 

 Set D4 to 4: Sets the direction of the I/O to be controlled to be an output  low. 

 Set P1 to 2: Sets PWM1 to output PWM. 

 Set IU to 0: Disables the received analog/digital data frame from being sent to the Propeller 
chip (data is used for I/O control only). This value is normally 1. 

 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 I/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. T0 to T7 (timeout for D0 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 sample rate, IR, of the Remote node XBee to a lower value. Also, IC 
may be set to send data should digital data change. The binary value describes which I/O to use; FF 
means any, D0–D7.  A value of $10 (0001_0000) would send data only if D4 changes. Only digital 
data is sent for a state change. 
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 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 µs (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. 
 

 The PULSIN_Clk 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. 

 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.  

 
Figure 6-10: PWM Filtering for Analog Voltage 

 

BASIC Stamp and API Mode 
While using API Mode 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 
API Mode. Each unique use would require work to make it function for that use. Remember, both 
sides of a transmission DO NOT need to be in API Mode. It is simply a means of packaging data to 
and from the controller and using higher-level functions. 
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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 XBee inputs. 
 
The code, API_Base.BS2, will be used to send and receive framed data in API Mode to highlight 
some of the nice features of API 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 generally these 
tricks reduce the amount of data received and nearly eliminate the need to use API 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 a terminal. An array of 18 bytes called DataSet is used to hold the incoming and 
outgoing frame. 
 

Sending a Decimal Value 

 Configure the hardware as shown in Figure 6-11. 

 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 a value. 

 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. 
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Figure 6-12: API_Base.bs2 Sending Value with Response 

 
You 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.  
 

 Send a value to a node 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 
frame is checked. 

 
  SELECT DataSet(0) 
    CASE "1"                        ' Send value to address 
       DataSet(0) = $7E             ' Start Delimiter 
       DataSet(1) = 0               ' Length MSB 
       DataSet(2) = 11              ' Length LSB 
       DataSet(3) = $01             ' API Ident 
       DataSet(4) = FrameID         ' FrameID 
       DEBUG CR,"Hex Addr? "        ' Enter address 
       DEBUGIN HEX Value 
       DataSet(5) = Value.HIGHBYTE  ' Parse address into frame 
       DataSet(6) = Value.LOWBYTE 
       DataSet(7) = 0               ' Options - request Ack 
       DEBUG CR,"Value? ",CR        ' Enter value to send 
       DEBUGIN DEC Value 
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       FOR Idx = 0 TO 4             ' Save value in frame as ASCII 
         DataSet(8+Idx) = Value DIG (4-Idx) + $30 
       NEXT 
       DataSet(13) = CR             ' End with CR 
       DataSet(14) = $FF            ' Checksum start value 
       FOR idx = 3 TO 13            ' Calculate checksum 
         DataSet(14) = DataSet(14) - DataSet(idx) 
       NEXT 
       DEBUG CR 
       DEBUG "Sending:",CR 
       FOR idx = 0 TO 14            ' Show data frame 
         DEBUG HEX2 DataSet(Idx), " " 
       NEXT 
       FOR idx = 0 TO 14            ' Send data frame 
         SEROUT Tx,Baud,[DataSet(Idx)] 
       NEXT 
       GOSUB GetFrame               ' accept returning frame 
 

Upon calling GetFrame, 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 data is parsed, pulling out appropriate data. 

 
GetFrame: 
  GOSUB ClearDataSet                ' Clear frame 
                                    ' accept frame data with RTS 
  SERIN Rx\RTS,Baud,50,Timeout,[STR DataSet\18] 
  Timeout: 
  IF DataSet(0) = $7E THEN          ' Check for start delimiter 
    DEBUG CR,CR,"RX Frame! ",REP "*"\40,CR 
    FOR IDX = 0 TO 17               ' Show frame 
      DEBUG HEX2 DataSet(IDX), " " 
    NEXT 
    GOSUB ParseData                 ' Break down frame 
  ENDIF 
RETURN 
 
ParseData: 
   DEBUG CR,                        ' Display length & API Ident 
         "Len:",DEC DataSet(1)<<8 + DataSet(2),CR, 
         "Ident: ",IHEX2 DataSet(3) 
   SELECT DataSet(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 frame 
       DEBUG "  Tx Status",CR, 
             " Opt:  ",DEC DataSet(5) 
       IF DataSet(5) = 0 THEN DEBUG " OK!" 
       IF DataSet(5) = 1 THEN DEBUG " No Ack" 
       IF DataSet(5) = 2 THEN DEBUG " CCA Fail" 
       IF 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 ID to a higher value. 

Receiving a Decimal Value 

API_Base.bs2 can receive a decimal value as well, and from the data packet pull additional 
information—this is the true power of using API Mode. 
 

 Select menu option 0 to continually monitor for incoming frames. 

 On the Remote node, use X-CTU’s Assemble Packet to send a value, such as 123, to the 
Base. 

 Monitor the Debug Terminal. 

 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: API 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 frame 
       DEBUG "  Rx Data",CR, 
             " Addr: ",IHEX4 DataSet(4)<<8 + DataSet(5),CR, 
             " RSSI: -",DEC DataSet(6),CR, 
             " Opt:  ",IHEX DataSet(7),CR, 
             " Data: " 
       Value = 0                   ' show value & convert to decimal 
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       FOR IDX = 8 TO (8 + DataSet(2)-6) 
         DEBUG DataSet(IDX) 
         IF (DataSet(Idx) > $29) AND (DataSet(Idx) < $40) THEN 
           Value = Value * 10 + (DataSet(Idx)- $30) 
         ENDIF 
       NEXT 
       DEBUG " Value:", DEC Value,CR ' Display data 

 

Receiving ADC and Digital Data 

One of the great features of API 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 D0 to D8 
may be configured for ADC input (not all inputs allow ADC data) or for digital inputs. Based upon 
the sampling rate, a frame of data with the values is sent for use in API Mode. Please see the 
Propeller section for a fuller discussion of this operation. 
 

 On the Remote node’s USB XBee, ensure DL is set to 0 (address of Base). 

 In I/O Settings, set: 

o D0 to ADC 

o D1 to ADC 

o D3 to DI (Digital Input) 

o D4 to DI (Digital Input) 

 Set sampling rate (IR) to 7D0 (2000 decimal, every 2 seconds). 

 On the Base’s Debug Terminal, monitor frames using option 0. 

 
You should see framed data arrive as shown in Figure 6-14. 
 

 
Figure 6-14: API Base Receiving Analog and Digital Data 

 



6: Sleep, Reset & API Modes 

Page 126    ·    Getting Started with XBee Modules  

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 Ch1 value. Ch0 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 a full discussion on how the data is arranged and what analysis is required. 
 

 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 IC 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 API 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 allows one XBee to manually control digital or PWM outputs on 
another XBee or to change its configuration. 
 

 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 IO2 and control it using command D2. 

 

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,IA1, D44, P12,UI0,CN",CR] 
 

 Set the Remote node USB XBee to send data every 50 ms (IR to 32).  

 Press the Remote node’s pushbutton and cover the phototransistor while monitoring the 
LEDs on the Base. 

Shortcuts for API Mode 

There are several good examples on the Parallax Forums for API 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 Remote? "        ' Enter address 
       DEBUGIN HEX Addr 
       DEBUG "2-letter Command? "                ' Enter config code 
       DEBUGIN Code(0) 
       DEBUGIN Code(1) 
       DEBUG CR,"Hex Value? "                    ' Enter value for config 
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       DEBUGIN HEX Value 
       Checksum = $FF-$17-2-Addr-code(0)-code(1)-value ' Calc checksum 
       DEBUG "Sending:",CR 
       SEROUT Tx,Baud,[$7E,0,17,$17,                ' start, length, ident 
                       0,REP 0\8,                   ' Frame ID 0, 0 64-bit 
                       Addr.HIGHBYTE, Addr.LOWBYTE, ' address 
                       2,                           ' option - apply now 
                       code(0),code(1),             ' Config code 
                       Value.HIGHBYTE,value.LOWBYTE,' Value to send 
                       checksum]                    ' Checksum value 

LOOP 
 

On receiving data, you may take advantage of special formatters within the SERIN Inputdata 
argument. WAIT can be used to wait for the start delimiter, and SKIP can be used to skip over data to 
the pertinent data: 

 
    SERIN Rx,Baud,[WAIT($7E), SKIP 7, DEC Value] 

Summary 
When working with the XBee individual I/O, it’s important to ensure that proper voltages are applied 
to the 3.3 V device to prevent damage. Sleep mode allows 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 API Mode for the Propeller. Use of API Mode on the BASIC Stamp should be weighed 
against the need for the additional features it provides. 
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7: Monitoring and Control Projects 
In this chapter we will explore projects for monitoring and control of devices via the 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 a board 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 serial 
communications objects with the Propeller chip, data is 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 Yahoo forum listed on 
the StampPlot web pages. 
 

 Download and install StampPlot Pro: www.selmaware.com/stampplot/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 actual 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. 
 

 From the menu bar, select View → Configuration. 

 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. 

 Select Set as Default to ensure it is active the next time you open StampPlot. 

 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 P8X32A. 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, serial 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 Val1, ",", DEC Val2, ",", DEC Val3, CR  ' multiple values  
                                                  ' with text-commas. 
 

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 data to StampPlot: 

 
SEROUT Tx, Baud, [DEC Val,CR] 
SEROUT Tx, Baud, [ DEC Val1, ",", DEC Val2, ",", DEC Val3, CR] 
 

With the Propeller chip, the XBee object or similar serial objects may be used for communicating 
with either a directly connected Propeller or through a USB Base XBee: 

 
XB.Dec(val) 
XB.Tx(13) 
 

...or: 
 
XB.Dec(Val1) 
XB.Tx(",") 
XB.Dec(Val2) 
XB.Tx(13) 
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Plotting Analog Values Manually 
When comma-separated values are sent, each value is assigned a separate channel, from 0 to 9, for 
plotting and a color. The Analog Channel (!ACHN) command instruction may also be used to manually 
define the channel and color: 

 
!ACHN Channel, Value, Color 
!ACHN 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 also 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: 
 

!SPAN 0,2000  — Sets the span of Y-axis 
!TMAX 360  —  Set maximum time on X-axis in seconds 
!PLOT ON   — Enables plotting 
!RSET   — Reset the plot (clear plot) 
!NEWP   — Start a new 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. As always, all 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. This information may be sent as strings from the controller. 
 

!PPER 70, 100 — Plotting area is 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). 

 
!POBJ oMeter.Meter1=75.,90.,20.,20.,0,2000,0,1500    
 

Once created, objects may be updated by using the !POBJ instruction (!O for short) and the object’s 
name: 
 

!O Meter1=500 
 
BASIC Stamp: 

 
DEBUG "!O Meter1=", Dec val, CR 
SEROUT Tx,Baud, ["!O Meter1=", DEC val,CR] 
 

Propeller: 
 
XB.str(string("!O Meter1=")) 
XB.Dec(val1) 
XB.Tx(13) 
 

StampPlot interface objects may be referenced by placing the name in parentheses. One example of 
this is requesting the value be returned to the controller via a !READ instruction, then accepting the data 
by the controller: 

 
DEBUG "!READ (Slider1)",CR  ' request object value 
DEBUGIN DEC val     ' accept object value 
 

...or: 
 
SEROUT Tx, Baud, ["!READ (Slider1)",CR]   ' request object value 
SERIN Rx\RTS, Baud, 100, Timeout, [DEC Val]  ' accept value with timeout 
 

Propeller: 
 
XB.Str(string("!READ (Slider1)", 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-left) to 100,100 (upper-right) regardless of axis values by appending an “a” 
to the value. 
 
Here is an example for drawing a line from 20,20 to 80,80, in red, using absolute coordinates: 
 

!LINE 20a,20a,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 DARC (draw arc) and DPIE (draw pie) instructions, . The width of the 
drawing may also be defined using the DWTH instruction.  
 
Drawing instructions may also begin with @  for constant or ~ for temporary drawing commands.  
Normally, when a drawing command such as !CIRC is executed, the command is performed again 
when the plot redraws or is refreshed. A reset (!RSET) clears all 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 !CLRC (clear constant) instruction is issued. 
 
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 DPG1 (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 FORMAT 0.00]",CR 
 

Note that all operations require spaces between values and operations. For equations, the order of 
operations is 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 API 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 as follows: 
 

!WAIT 2 

!SRAW +++ 

!GRAB 3 

!STAT (GRAB) 

!SEND ATDL 2 

!GRAB 

!STAT (GRAB) 

!SEND ATCN 

!GRAB 

!STAT (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) XBee SIP or  5V/3.3V Adapter board 
(1) XBee USB Adapter Board 
(2) XBee modules with default settings 
(1) Pushbutton 
(1) LED 

(1) Buzzer (piezospeaker) 
(1) Servo 
(1) Phototransistor 
(1) 0.01µF capacitor 
(1) 10 kΩ resistor 
(1) 220 Ω resistor 

 

 

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 !READ 
instruction to read the value of the interface switch and sliders. The switch controls the LED and the 
slider controls the pitch of the buzzer and the servo position. The StampPlot interface objects are 
accessed by their names: Meter1, swLED, sldTone and sldServo.  
 

 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.  
 
StampPlot_Update: 
      HIGH PhotoT           ' Use RCTime to get value 
      PAUSE 5 
      RCTIME PhotoT,1,Light 
        ' Send value to be plotted on plot channel 
        ' !ACHN Channel (0-9), value, color (0-15 or color name) 
      SEROUT Tx,Baud,["!ACHN 0,",DEC Light,",(BLACK)",CR] 
        ' Update meter 
        ' !O Meter1 = value 
      SEROUT TX,Baud,["!O Meter1","=",DEC Light,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. 
 

StampPlot_Read: 
      GOSUB EmptyBuffer                       ' ensure buffer empty 
        ' request switch value for LED state 
        ' !READ (swLED) for LED data 
      SEROUT TX,Baud,["!READ (swLED)",CR] 
        ' Accept returned data 
      SERIN Rx\RTS,Baud,100,Timeout,[DEC State] 
        ' Request slider for buzzer 
        ' !READ (sldTone) for buzzer frequency 
      SEROUT TX,Baud,["!READ (sldTone)",CR] 
        ' Accept returned value (0 to 5000) 
      SERIN Rx\RTS,Baud,100,Timeout,[DEC Freq] 
        ' !READ (sldServo) to control servo position 
      SEROUT TX,Baud,["!READ (sldServo)",CR] 
        ' Accept returned value (500 to 1000) 
      SERIN Rx\RTS,Baud,100,Timeout,[DEC Position] 
Timeout: 
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 StampPlot 
updates. 
 

Hardware Required 

For Boe-Bot (Remote node) 
(1) Boe-Bot Robot, assembled and tested* 
     (#28132 or #28832) 
(1) Ping))) Ultrasonic Distance Sensor (#28015) 
(1) Ping))) Mounting Bracket Kit (#570-28015) 
(1) HM55B Compass Module (#29123) 
(1) ServoPal (#28824) 
(1) XBee SIP Adapter  
(1) XBee 802.15.4 Module 
 

For Joystick (Base node) 
(1) Board of Education and 
     BASIC Stamp 2 
(1) 2-Axis Joystick (#27800) 
(1) XBee SIP Adapter 
(1) XBee 802.15.4 module 
(1) Piezospeaker 
(3) 220 Ω resistors 
(1) 1 kΩ resistor 
(2) 0.01 µF 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. 
 

 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. 

 

 
 
 

 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. 
 

 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. 

 

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 a red 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: StampPlot 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 plot 
DEBUG "!POBJ Clear",CR              ' Clear object 
DEBUG "!TITL Boe-Bot Navigation",CR ' Title plot 
DEBUG "!PLOT ON",CR                 ' Enable plotting 
DEBUG "!TMAX 120",CR                ' set up max time (X axis) 
DEBUG "!TMIN -120",CR               ' Set min time 
DEBUG "!XLBL Inches",CR             ' Label Y Axis 
DEBUG "@VPG1",CR                    ' View page 1 
    ' **** Constant Drawings **** 
DEBUG "@DWTH 5",CR                  ' Draw width 
DEBUG "@CIRC 50a,50a,12,(Green)",CR ' Draw circles - 1 foot 
DEBUG "@CIRC 50a,50a,36,(Green)",CR '                3 foot 
DEBUG "@CIRC 50a,50a,72,(Green)",CR '                6 foot 
DEBUG "@FREC -140,-1,-121,252,(white)",CR    ' Cover Y Axis 
 
PAUSE 2000                          ' Guard Time 
SEROUT Tx,Baud,["+++"]              ' Command mode sequence 
PAUSE 2000                          ' Guard Time 
SEROUT 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 values in the range of 300 
to 1200. The first time the routine is called, the center position of the joystick is saved. 

  
  Read_Stick: 
  HIGH UD_Pin                       ' Charge cap 
  PAUSE 2 
  RCTIME UD_Pin, 1, UD              ' Read stick 
 
  HIGH LR_Pin                       ' Charge Cap 
  PAUSE 2 
  RCTIME LR_Pin, 1, LR              ' Read stick 
  IF First_Read = 0 THEN            ' If first read of joystick 
    UD_C = UD                       ' store center positions 
    LR_C = LR 
    First_Read = 1                  ' mark as centers read 
  ENDIF 
  ' Mix Up-down and Left-right to determine drive values, limit ranges 
  R_Drive = 750 - ((UD - UD_C) * 3)+ (LR - LR_C) MIN 300 MAX 1200 
  L_Drive = 750 + ((UD - UD_C) * 3)+ (LR - LR_C) MIN 300 MAX 1200 
  Ping_New = 750 - ((LR - LR_C)*10) MIN 300 MAX 1200    ' Calculate 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 
    SEROUT Tx,Baud,["P",CR,CR,DEC Ping_New,CR,CR] 
  ELSE                              ' Not pressed, send drive 
    SEROUT Tx,Baud,["D",CR,CR,DEC R_Drive,CR,CR,DEC L_Drive,CR,CR] 
  ENDIF 

 
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 data in the BASIC Stamp Editor’s Debug Terminal. 

   
Counter = 0 
ReadAgain: 
  SERIN Rx\RTS,Baud,10,Timeout,[DataIn]         ' Get returned data 
  IF DataIn = "!" THEN                          ' IF good start, accept rest 
     SERIN Rx\RTS,Baud,20,Timeout,[DEC Inches]  ' Get inches 
     SERIN Rx\RTS,Baud,20,Timeout,[DEC Angle]   ' Get Angle 
     SERIN Rx\RTS,Baud,20,Timeout,[DEC Ping_Pos]' Get Ping Position 
     FREQOUT Buzzer,50,(146-Inches) * 35        ' Sound buzzer 
     GOSUB Update_StampPlot                     ' Update StampPlot 
   '  GOSUB Show_Debug                          ' If no StampPlot, update 
DEBUG 
     GOTO ReadDone 
   ENDIF 
Timeout:                                        ' In case not delimiter, 
  Counter = Counter + 1                         ' read 50 characters to find 
  IF Counter < 50 THEN GOTO ReadAgain           ' if delimiter in buffer 
ReadDone: 



7: Monitoring and Control Projects 

 Getting Started with XBee Modules    ·    Page 141 

In the Update_StampPlot 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 a small arc is drawn at that angle with a distance of the Ping))) data in 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 
                                   ' Place text 
     DEBUG "~TEXT 40a,100a,2a,(Blue),Bot Angle: ",DEC Angle,CR 
     DEBUG "~TEXT 40a,5a,2a,(Blue),Distance:  ",DEC Inches,CR 
 
     D_Angle = 360 - Angle -90     ' Calculate bot drawing angle 
                                   ' draw pie based on angle 
     DEBUG "~DPIE 50a, 50a, 5a,",SDEC D_Angle-10, 
           ",",SDEC D_Angle+10,",(Black)",CR 
 ENDIF 
 IF Ping_Pos > 750 THEN            ' Calculate angle of bot + ping 
    D_Angle = 360- Angle + 90 + (Ping_Pos - 750 / 5) 
 ELSE 
    D_Angle = 360- Angle + 90 - (750 - Ping_Pos / 5) 
 ENDIF 
                                   ' Draw arc for ping point 
 DEBUG "~DARC 50a, 50a,", DEC Inches,",", 
    SDEC D_Angle-1,",",SDEC D_Angle+1,",(Red)",CR 
 DEBUG "~CPY0",CR                  ' copy image to page 1 for viewing 
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 Counter to turn off the drive if 50 loops are performed 
without receiving new data. 

 
SERIN Rx\RTS,Baud,10,TimeOut,[DataIn]    ' Briefly wait for delimiter   
  IF DataIn = "D" THEN                      ' If ! delimiter, get data 
    DEBUG "Here",CR 
    SERIN Rx\RTS,Baud,10,TimeOut,[DEC UD]   ' Accept Up-Down value 
    SERIN Rx\RTS,Baud,10,TimeOut,[DEC LR]   ' Accept Left-Right value 
      ' mix UD and LR channels for drives. 
      ' Normal range for UD/LR is 1 to 70. Maybe need to adjust based 
      ' on your values. 
    R_Drive = 750 - ((UD - UD_C) * 2) + (LR - LR_C) ' Calc right drive 
    L_Drive = 750 + ((UD - UD_C) * 2) + (LR - LR_C) ' calc Left drive 
 
    PULSOUT nInp,R_Drive                    ' Set ServoPals 
    PULSOUT nInp,L_Drive 
    counter = 0                       ' Clear counter for no-data timeout 
    GOSUB SendData                    ' Send data to control 
  ENDIF 
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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 DataIn = "P" THEN                            ' If p delimiter, get data 
    SERIN Rx\RTS,Baud,10,TimeOut,[DEC Ping_Pos] ' Accept Ping servo value 
    PULSOUT nInp,2000                           ' Stop bot 
    PULSOUT nInp,2000 
    GOSUB SendData                              ' Send data to base 
  ENDIF 
 

The data of Inches, Angle and Ping_Pos (Ping))) position) position are sent back to the Base 
controller. 

 
SendData: 
  GOSUB Get_Sonar                          ' get sensor value 
  GOSUB Get_Compass                        ' Get compass Angle 
                                           ' Send data to control 
  SEROUT Tx,Baud,["!",CR,CR,DEC Inches,CR,CR, 
         DEC Angle,CR,CR,DEC Ping_Pos,CR,CR] 
RETURN 

Testing the Code 
Let’s try the project: 
 

 Open StampPlot, select the correct COM port and connect. 

 Allow time for the XBee modules to initialize. 

  You 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 a wall 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. 

 

Things to Think About 
Ready for a challenge?  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 API 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 API Mode (AP 1) to receive more analog/digital data.  
 
Another neat idea would be to have the remote bot read sliders 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 slider value for drive speed and would adjust position to match the 
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bearing defined by the StampPlot slider. As you update sliders on the StampPlot interface, the bot 
would read them and respond accordingly to drive at the speed and direction defined by the interface 
sliders. 

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: 
 

 A Propeller Demo Board network node (address 0) with an accelerometer to measure angle of 
inclination on two axes for the tilt controller 

 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 

 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 I/O 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: 

 If you are not familiar with the Boe-Bot robot, you may want to look through Robotics 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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 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. 

 A battery supply was used on the tilt controller as well for unfettered operation. 

Overview of System Operation 
Tilt Controller: This is used to read the Memsic 2125 Accelerometer Module, calculate right and left 
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. This node has a MY 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 the red 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: 

 The bot bearing as a rotating triangle and text 

 Distance to object as a red point in front of the bot and text 

 Yellow range marker circles at 0.25 m, 0.5 m, and 1 m 

 Left and right drives as bar indicators 

 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 RSSI is pulled from the 
received frame through API 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 
has a 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 is read 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 data is sent as a “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 allows 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 a timeout. If any data is 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 DataIn                       ' 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) 
 
      "p":                            ' p = pan and map command 
           mapping := true            ' set flag for mapping 
           outa[grnLED]~~             ' 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 allow the 
direction of rotation to be correct in the graphics display. If a panning map is in 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 PanOffset 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! 

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 graphically on a TV 
screen. Note that this XBee is in API 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 == $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 
        lDrive  := 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, as it’s not a major subject for this 
chapter. One point of interest is in 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 
graphics in the correct color, such as in 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 
code is fairly well commented for adaptation.  
 

 
Try it! 

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; the rest 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 I 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 a possible ZB 
Personal Area Network map. 

                             
 

 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 
 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 

 Connect your XBee ZB module to the computer, using an XBee USB Adapter board 
(Parallax stock #32400). 

 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. 

 If the test fails, try another COM port.  If all ports fail, check your connections. 

 

 
 

 Figure 8-2: X-CTU PC Settings Options 

Configuring an XBee ZB module as the Coordinator—Part 1 of 2 
 
You 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. 
 

 Once your computer is able to talk to the XBee Series 2 module, click the Modem 
Configuration tab. 

 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 a red arrow. 
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 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—later we will need to set the 
Router with this number so that it joins our Coordinator’s network.  I 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 is NOT user configurable. 
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 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 a module.  To 
keep things simple, I named my coordinator XBee module “COORDINATOR”. 

 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 

 
 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. 

 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 
 Insert the second XBee ZB module into the adapter board for configuration.  Power your 

XBee on (plug in the USB and/or apply power). 

 Using the X-CTU utility, click on the Read button to read the module’s current configuration.  
Some important configuration options are denoted with a red arrow. 

 

 
 Figure 8-5: X-CTU Modem Configuration Read Pane 

 
 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. 



8: XBee Series 2 Quick Start 

Page 158    ·    Getting Started with XBee Modules  

 Set the PAN ID of this Router module to match the value that you entered into the 
Coordinator.   

 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.  You 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 

 
 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, I named my Router 
“ROUTER2”. 

 Check the Always update firmware check box to force X-CTU to update the XBee module’s 
firmware. 
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 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 ID, Node Identifier, and Destination High 
and Destination Low addresses all 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 
 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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 Click the Write button on the X-CTU tool to write the changes to the Coordinator. 

 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’s it!  You are done configuring your XBee ZB modules.  By this point, you should have done 
the following: 

 Configured an XBee ZB module as a Coordinator 

 Configured an XBee ZB module as a Router 

 Configured the Coordinator to only send data to the Router 

 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: 

 

 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.   

 

 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 

 
 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. 

 If you have oriented your X-CTU windows side-by-side like I have, type in the blank space in 
the left window.  You 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.  I 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.. 
 
 



12. Appendix D-2: Drawings and Circuit Diagrams 

 

Figure 12-1: Solatrium Preliminary One-Line Diagram 



 

Figure 12-2: Preliminary Load calculation according to NEC 2008 

Authorship: Ali Magzari 
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Comment Description Designator Footprint LibRef Quantity

PoE Ag9000 PoE PoE 1

10 uF

Capacitor 
(Semiconductor SIM 
Model) C1 C1206 Cap Semi 1

Cap Semi

Capacitor 
(Semiconductor SIM 
Model)

C2, C3, C4, C5, C7, C8, 
CPoE C1206 Cap Semi 7

LED3 Typical BLUE SiC LED DRX, DTX 3.5X2.8X1.9 LED3 2

ARDUINO_ANALOG_IN 6-pin socket J21 HDR1X6 ARDUINO_ANALOG_IN 1

ARDUINO_DIGITAL_HI
GH_BYTE 8-pin socket J22 HDR1X8

ARDUINO_DIGITAL_HI
GH_BYTE 1

ARDUINO_DIGITAL_LO
W_BYTE 8-pin socket J23 HDR1X8

ARDUINO_DIGITAL_LO
W_BYTE 1

ARDUINO_SHIELD_PO
WER 6-pin socket J24 HDR1X6

ARDUINO_SHIELD_PO
WER 1

Inductor Inductor L1, L2 INDP3023X23N Inductor 2

Header 2X2H
Header, 2-Pin, Dual row, 
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

Res3 Resistor
R2, R3, R4, R5, R6, R7, 
R8, R9, R10, Rset 12Z-2010 Res3 10

Res1 Resistor RB AXIAL-0.3 Res1 1

SW-SPST
Single-Pole, Single-Throw 
Switch SP SPST-2 SW-SPST 1

XBee TS1 XBee XBee 1

MCP16323 U1 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


	Final report Appendix A rev0
	Final report Appendix B rev0
	Final report Appendix C1 rev0
	Final report Appendix C1
	BEMANY_energie7
	BEMANY_energie7-1
	BEMANY_energie7-2
	BEMANY_energie7-3
	BEMANY_energie7-4
	BEMANY_energie7-5

	Final report Appendix C2 rev0
	Final report Appendix D1 rev0
	Final report Appendix D1
	datasheetsall
	74LS138
	cd4514b
	Crystal
	Inductors
	LT1111
	Mega2560
	Mono_72_datasheet
	Mono_72_datasheet-1.pdf
	Mono_72_datasheet-2.pdf

	rascal-1.2-schematic
	Schematic Prints("All Documents",Physical)
	Rascal.SchDoc(Rascal)
	Components
	C3
	C3-1
	C3-2

	C6
	C6-1
	C6-2

	C7
	C7-1
	C7-2

	C8
	C8-1
	C8-2

	C9
	C9-1
	C9-2

	C10
	C10-1
	C10-2

	C11
	C11-1
	C11-2

	C12
	C12-1
	C12-2

	C13
	C13-1
	C13-2

	C14
	C14-1
	C14-2

	C15
	C15-1
	C15-2

	C16
	C16-1
	C16-2

	C17
	C17-1
	C17-2

	C18
	C18-1
	C18-2

	C19
	C19-1
	C19-2

	C20
	C20-1
	C20-2

	C21
	C21-1
	C21-2

	C22
	C22-1
	C22-2

	C23
	C23-1
	C23-2

	C24
	C24-1
	C24-2

	C25
	C25-1
	C25-2

	C26
	C26-1
	C26-2

	C27
	C27-1
	C27-2

	C28
	C28-1
	C28-2

	C29
	C29-1
	C29-2

	C30
	C30-1
	C30-2

	C31
	C31-1
	C31-2

	C32
	C32-1
	C32-2

	C33
	C33-1
	C33-2

	C34
	C34-1
	C34-2

	C35
	C35-1
	C35-2

	C36
	C36-1
	C36-2

	C37
	C37-1
	C37-2

	C38
	C38-1
	C38-2

	C39
	C39-1
	C39-2

	C40
	C40-1
	C40-2

	C41
	C41-1
	C41-2

	C42
	C42-1
	C42-2

	C43
	C43-1
	C43-2

	C44
	C44-1
	C44-2

	C46
	C46-1
	C46-2

	C47
	C47-1
	C47-2

	C48
	C48-1
	C48-2

	C49
	C49-1
	C49-2

	C50
	C50-1
	C50-2

	C51
	C51-1
	C51-2

	C52
	C52-1
	C52-2

	C53
	C53-1
	C53-2

	C54
	C54-1
	C54-2

	C55
	C55-1
	C55-2

	C56
	C56-1
	C56-2

	C57
	C57-1
	C57-2

	C58
	C58-1
	C58-2

	C59
	C59-1
	C59-2

	C60
	C60-1
	C60-2

	C61
	C61-1
	C61-2

	C62
	C62-1
	C62-2

	C65
	C65-1
	C65-2

	D1
	D1-1
	D1-2

	D2
	D2-1
	D2-2

	D4
	D4-1
	D4-2

	J1
	J1-4
	J1-5
	J1-6
	J1-10
	J1-11
	J1-12
	J1-13
	J1-14
	J1-15
	J1-16

	J2
	J2-1
	J2-2
	J2-3
	J2-4
	J2-5
	J2-6
	J2-7
	J2-8
	J2-9
	J2-10
	J2-11
	J2-12
	J2-13
	J2-14
	J2-15
	J2-16
	J2-17
	J2-18
	J2-19
	J2-20

	J3
	J3-0
	J3-1
	J3-2
	J3-3
	J3-4
	J3-5

	J4
	J4-0
	J4-1
	J4-2
	J4-3
	J4-4
	J4-5

	J5
	J5-0
	J5-1
	J5-2
	J5-3
	J5-4
	J5-5
	J5-6
	J5-7

	J6
	J6-8
	J6-9
	J6-10
	J6-11
	J6-12
	J6-13
	J6-14
	J6-15

	J7
	J7-1
	J7-2
	J7-3

	J8
	J8-1
	J8-2
	J8-3
	J8-4
	J8-5
	J8-6

	J9
	J9-1
	J9-2
	J9-3
	J9-4
	J9-5
	J9-6
	J9-7
	J9-8
	J9-9
	J9-10
	J9-11
	J9-12

	J10
	J10-1
	J10-2
	J10-3
	J10-4
	J10-5
	J10-6
	J10-7
	J10-8

	J11
	J11-1
	J11-2

	J12
	J12-1
	J12-2
	J12-3
	J12-4
	J12-5
	J12-6

	L1
	L1-1
	L1-2

	L4
	L4-1
	L4-2

	L5
	L5-1
	L5-2

	Q1
	Q1-1
	Q1-2
	Q1-3

	R42
	R42-1
	R42-2

	R43
	R43-1
	R43-2

	R45
	R45-1
	R45-2

	R46
	R46-1
	R46-2

	R50
	R50-1
	R50-2

	R53
	R53-1
	R53-2

	R58
	R58-1
	R58-2

	R61
	R61-1
	R61-2

	R62
	R62-1
	R62-2

	R63
	R63-1
	R63-2

	R64
	R64-1
	R64-2

	R66
	R66-1
	R66-2

	R67
	R67-1
	R67-2

	R68
	R68-1
	R68-2

	R76
	R76-1
	R76-2

	R77
	R77-1
	R77-2

	R78
	R78-1
	R78-2

	R87
	R87-1
	R87-2

	R88
	R88-1
	R88-2

	R90
	R90-1
	R90-2

	RA3
	RA3-1
	RA3-2
	RA3-3
	RA3-4
	RA3-5
	RA3-6
	RA3-7
	RA3-8

	RA4
	RA4-1
	RA4-2
	RA4-3
	RA4-4
	RA4-5
	RA4-6
	RA4-7
	RA4-8

	RA5
	RA5-1
	RA5-2
	RA5-3
	RA5-4
	RA5-5
	RA5-6
	RA5-7
	RA5-8

	RA6
	RA6-1
	RA6-2
	RA6-3
	RA6-4
	RA6-5
	RA6-6
	RA6-7
	RA6-8

	RA7
	RA7-1
	RA7-2
	RA7-3
	RA7-4
	RA7-5
	RA7-6
	RA7-7
	RA7-8

	RA8
	RA8-1
	RA8-2
	RA8-3
	RA8-4
	RA8-5
	RA8-6
	RA8-7
	RA8-8

	RA9
	RA9-1
	RA9-2
	RA9-3
	RA9-4
	RA9-5
	RA9-6
	RA9-7
	RA9-8

	RA10
	RA10-1
	RA10-2
	RA10-3
	RA10-4
	RA10-5
	RA10-6
	RA10-7
	RA10-8

	RA11
	RA11-1
	RA11-2
	RA11-3
	RA11-4
	RA11-5
	RA11-6
	RA11-7
	RA11-8

	RA12
	RA12-1
	RA12-2
	RA12-3
	RA12-4
	RA12-5
	RA12-6
	RA12-7
	RA12-8

	RA13
	RA13-1
	RA13-2
	RA13-3
	RA13-4
	RA13-5
	RA13-6
	RA13-7
	RA13-8

	RA14
	RA14-1
	RA14-2
	RA14-3
	RA14-4
	RA14-5
	RA14-6
	RA14-7
	RA14-8

	RA15
	RA15-1
	RA15-2
	RA15-3
	RA15-4
	RA15-5
	RA15-6
	RA15-7
	RA15-8

	RA16
	RA16-1
	RA16-2
	RA16-3
	RA16-4
	RA16-5
	RA16-6
	RA16-7
	RA16-8

	RA17
	RA17-1
	RA17-2
	RA17-3
	RA17-4
	RA17-5
	RA17-6
	RA17-7
	RA17-8

	RA18
	RA18-1
	RA18-2
	RA18-3
	RA18-4
	RA18-5
	RA18-6
	RA18-7
	RA18-8

	RA20
	RA20-1
	RA20-2
	RA20-3
	RA20-4
	RA20-5
	RA20-6
	RA20-7
	RA20-8

	U1
	U1-A1
	U1-A2
	U1-A3
	U1-A4
	U1-A5
	U1-A6
	U1-A7
	U1-A8
	U1-A9
	U1-A10
	U1-A11
	U1-A12
	U1-A13
	U1-A14
	U1-A15
	U1-A16
	U1-A17
	U1-B1
	U1-B2
	U1-B3
	U1-B4
	U1-B5
	U1-B6
	U1-B7
	U1-B8
	U1-B9
	U1-B10
	U1-B11
	U1-B12
	U1-B13
	U1-B14
	U1-B15
	U1-B16
	U1-B17
	U1-C1
	U1-C2
	U1-C3
	U1-C4
	U1-C5
	U1-C6
	U1-C7
	U1-C8
	U1-C9
	U1-C10
	U1-C11
	U1-C12
	U1-C13
	U1-C14
	U1-C15
	U1-C16
	U1-C17
	U1-D1
	U1-D2
	U1-D3
	U1-D4
	U1-D5
	U1-D6
	U1-D7
	U1-D8
	U1-D9
	U1-D10
	U1-D11
	U1-D12
	U1-D13
	U1-D14
	U1-D15
	U1-D16
	U1-D17
	U1-E1
	U1-E2
	U1-E3
	U1-E4
	U1-E14
	U1-E15
	U1-E16
	U1-E17
	U1-F1
	U1-F2
	U1-F3
	U1-F4
	U1-F14
	U1-F15
	U1-F16
	U1-F17
	U1-G1
	U1-G2
	U1-G3
	U1-G4
	U1-G14
	U1-G15
	U1-G16
	U1-G17
	U1-H1
	U1-H2
	U1-H3
	U1-H4
	U1-H8
	U1-H9
	U1-H10
	U1-H14
	U1-H15
	U1-H16
	U1-H17
	U1-J1
	U1-J2
	U1-J3
	U1-J4
	U1-J8
	U1-J9
	U1-J10
	U1-J14
	U1-J15
	U1-J16
	U1-J17
	U1-K1
	U1-K2
	U1-K3
	U1-K4
	U1-K8
	U1-K9
	U1-K10
	U1-K14
	U1-K15
	U1-K16
	U1-K17
	U1-L1
	U1-L2
	U1-L3
	U1-L4
	U1-L14
	U1-L15
	U1-L16
	U1-L17
	U1-M1
	U1-M2
	U1-M3
	U1-M4
	U1-M14
	U1-M15
	U1-M16
	U1-M17
	U1-N1
	U1-N2
	U1-N3
	U1-N4
	U1-N14
	U1-N15
	U1-N16
	U1-N17
	U1-P1
	U1-P2
	U1-P3
	U1-P4
	U1-P5
	U1-P6
	U1-P7
	U1-P8
	U1-P9
	U1-P10
	U1-P11
	U1-P12
	U1-P13
	U1-P14
	U1-P15
	U1-P16
	U1-P17
	U1-R1
	U1-R2
	U1-R3
	U1-R4
	U1-R5
	U1-R6
	U1-R7
	U1-R8
	U1-R9
	U1-R10
	U1-R11
	U1-R12
	U1-R13
	U1-R14
	U1-R15
	U1-R16
	U1-R17
	U1-T1
	U1-T2
	U1-T3
	U1-T4
	U1-T5
	U1-T6
	U1-T7
	U1-T8
	U1-T9
	U1-T10
	U1-T11
	U1-T12
	U1-T13
	U1-T14
	U1-T15
	U1-T16
	U1-T17
	U1-U1
	U1-U2
	U1-U3
	U1-U4
	U1-U5
	U1-U6
	U1-U7
	U1-U8
	U1-U9
	U1-U10
	U1-U11
	U1-U12
	U1-U13
	U1-U14
	U1-U15
	U1-U16
	U1-U17

	U2
	U2-1
	U2-2
	U2-3
	U2-4
	U2-5
	U2-6
	U2-7
	U2-8
	U2-9
	U2-10
	U2-11
	U2-12
	U2-13
	U2-14
	U2-15
	U2-16
	U2-17
	U2-18
	U2-19
	U2-20
	U2-21
	U2-22
	U2-23
	U2-24
	U2-25
	U2-26
	U2-27
	U2-28
	U2-29
	U2-30
	U2-31
	U2-32

	U4
	U4-1
	U4-2
	U4-3
	U4-4
	U4-5
	U4-6
	U4-7
	U4-8
	U4-9
	U4-10
	U4-11
	U4-12
	U4-13
	U4-14
	U4-15
	U4-16
	U4-17
	U4-18
	U4-19
	U4-20
	U4-21
	U4-22
	U4-23
	U4-24
	U4-25
	U4-26
	U4-27
	U4-28
	U4-29
	U4-30
	U4-31
	U4-32
	U4-33
	U4-34
	U4-35
	U4-36
	U4-37
	U4-38
	U4-39
	U4-40
	U4-41
	U4-42
	U4-43
	U4-44
	U4-45
	U4-46
	U4-47
	U4-48
	U4-49
	U4-50
	U4-51
	U4-52
	U4-53
	U4-54

	U5
	U5-1
	U5-2
	U5-3
	U5-4
	U5-5
	U5-6
	U5-7
	U5-8
	U5-9
	U5-10
	U5-11
	U5-12
	U5-13
	U5-14
	U5-15
	U5-16
	U5-17
	U5-18
	U5-19
	U5-20
	U5-21
	U5-22
	U5-23
	U5-24
	U5-25
	U5-26
	U5-27
	U5-28
	U5-29
	U5-30
	U5-31
	U5-32
	U5-33
	U5-34
	U5-35
	U5-36
	U5-37
	U5-38
	U5-39
	U5-40
	U5-41
	U5-42
	U5-43
	U5-44
	U5-45
	U5-46
	U5-47
	U5-48
	U5-49
	U5-50
	U5-51
	U5-52
	U5-53
	U5-54

	U6
	U6-1
	U6-2
	U6-3
	U6-4
	U6-5
	U6-6
	U6-7
	U6-8
	U6-9
	U6-10

	U7
	U7-1
	U7-2
	U7-3
	U7-4
	U7-5
	U7-6
	U7-7
	U7-8
	U7-9
	U7-10

	U8
	U8-1
	U8-2
	U8-3
	U8-4
	U8-5

	U9
	U9-1
	U9-2
	U9-3
	U9-4
	U9-5
	U9-6
	U9-7
	U9-8

	U10
	U10-1
	U10-2
	U10-3

	Y1
	Y1-1
	Y1-2

	Y2
	Y2-1
	Y2-2


	Nets
	1V0
	Pins
	C34-1
	C35-1
	C56-2
	C57-2
	C58-2
	R61-1
	U1-D9
	U1-D16
	U1-H14
	U1-M1
	U1-T13
	U6-7


	1V0PLL
	Pins
	C54-2
	L5-2
	R67-1
	U1-N2
	U1-P2


	3V3
	Pins
	C6-1
	C7-1
	C12-1
	C16-1
	C17-1
	C18-1
	C19-1
	C20-1
	C21-1
	C22-1
	C23-1
	C24-1
	C25-1
	C26-1
	C27-1
	C28-1
	C29-1
	C40-1
	C41-1
	C42-1
	C46-1
	C47-2
	C48-2
	C49-2
	C50-2
	C51-2
	D1-2
	D4-1
	J2-1
	J2-2
	J4-1
	J9-4
	L1-1
	L4-1
	R42-2
	R43-2
	R45-2
	R46-2
	R50-2
	R58-1
	R63-1
	R76-1
	R77-1
	R90-1
	RA16-1
	RA16-2
	RA17-1
	RA17-2
	RA17-3
	RA17-4
	RA18-1
	RA18-2
	RA18-3
	RA18-4
	RA20-1
	RA20-2
	RA20-3
	RA20-4
	U1-C16
	U1-D11
	U1-G4
	U1-J3
	U1-P8
	U1-R4
	U1-U17
	U2-17
	U4-1
	U4-3
	U4-9
	U4-14
	U4-27
	U4-43
	U4-49
	U5-1
	U5-3
	U5-9
	U5-14
	U5-27
	U5-43
	U5-49
	U7-7
	U8-1
	U8-3
	U9-8


	3V3OSC
	Pins
	C53-2
	L4-2
	R66-1
	U1-L4


	5VDC
	Pins
	C13-2
	C14-2
	C30-1
	C31-1
	C36-1
	C37-1
	D2-1
	J4-2
	J10-1
	J10-5
	U6-5
	U7-5
	U10-3


	A0
	Pins
	RA11-8
	U4-15

	NetLabels
	A0


	A1
	Pins
	RA11-7
	U5-15

	NetLabels
	A1


	A2
	Pins
	RA11-6
	U4-23
	U5-23

	NetLabels
	A2
	A2
	A2


	A3
	Pins
	RA11-5
	U4-24
	U5-24

	NetLabels
	A3
	A3
	A3


	A4
	Pins
	RA12-8
	U4-25
	U5-25

	NetLabels
	A4
	A4
	A4


	A5
	Pins
	RA12-7
	U4-26
	U5-26

	NetLabels
	A5
	A5
	A5


	A6
	Pins
	RA12-6
	U4-29
	U5-29

	NetLabels
	A6
	A6
	A6


	A7
	Pins
	RA12-5
	U4-30
	U5-30

	NetLabels
	A7
	A7
	A7


	A8
	Pins
	RA13-8
	U4-31
	U5-31

	NetLabels
	A8
	A8
	A8


	A9
	Pins
	RA13-7
	U4-32
	U5-32

	NetLabels
	A9
	A9
	A9


	A10
	Pins
	RA13-6
	U4-33
	U5-33

	NetLabels
	A10
	A10
	A10


	A11
	Pins
	RA13-5
	U4-34
	U5-34

	NetLabels
	A11
	A11
	A11


	A12
	Pins
	U1-B4
	U4-22
	U5-22

	NetLabels
	A12


	A13
	Pins
	RA14-7
	U4-35
	U5-35

	NetLabels
	A13
	A13
	A13


	A14
	Pins
	RA14-6
	U4-36
	U5-36

	NetLabels
	A14
	A14
	A14


	BA0
	Pins
	U1-A8
	U4-20
	U5-20

	NetLabels
	BA0


	BA1
	Pins
	U1-C8
	U4-21
	U5-21

	NetLabels
	BA1


	CAS
	Pins
	U1-C3
	U4-17
	U5-17

	NetLabels
	CAS


	CKE
	Pins
	U1-G3
	U4-37
	U5-37

	NetLabels
	CKE


	CLK
	Pins
	U1-B1
	U4-38
	U5-38

	NetLabels
	CLK


	CS
	Pins
	R58-2
	U1-B3
	U4-19
	U5-19

	NetLabels
	CS


	D0
	Pins
	RA3-8
	U4-2

	NetLabels
	D0
	D0


	D1
	Pins
	RA3-7
	U4-4

	NetLabels
	D1
	D1


	D2
	Pins
	RA3-6
	U4-5

	NetLabels
	D2
	D2


	D3
	Pins
	RA3-5
	U4-7

	NetLabels
	D3
	D3


	D4
	Pins
	RA4-8
	U4-8

	NetLabels
	D4
	D4


	D5
	Pins
	RA4-7
	U4-10

	NetLabels
	D5
	D5


	D6
	Pins
	RA4-6
	U4-11

	NetLabels
	D6
	D6


	D7
	Pins
	RA4-5
	U4-13

	NetLabels
	D7
	D7


	D8
	Pins
	RA5-8
	U4-42

	NetLabels
	D8
	D8


	D9
	Pins
	RA5-7
	U4-44

	NetLabels
	D9
	D9


	D10
	Pins
	RA5-6
	U4-45

	NetLabels
	D10
	D10


	D11
	Pins
	RA5-5
	U4-47

	NetLabels
	D11
	D11


	D12
	Pins
	RA6-8
	U4-48

	NetLabels
	D12
	D12


	D13
	Pins
	RA6-7
	U4-50

	NetLabels
	D13
	D13


	D14
	Pins
	RA6-6
	U4-51

	NetLabels
	D14
	D14


	D15
	Pins
	RA6-5
	U4-53

	NetLabels
	D15
	D15


	D16
	Pins
	RA7-8
	U5-2

	NetLabels
	D16
	D16


	D17
	Pins
	RA7-7
	U5-4

	NetLabels
	D17
	D17


	D18
	Pins
	RA7-6
	U5-5

	NetLabels
	D18
	D18


	D19
	Pins
	RA7-5
	U5-7

	NetLabels
	D19
	D19


	D20
	Pins
	RA8-8
	U5-8

	NetLabels
	D20
	D20


	D21
	Pins
	RA8-7
	U5-10

	NetLabels
	D21
	D21


	D22
	Pins
	RA8-6
	U5-11

	NetLabels
	D22
	D22


	D23
	Pins
	RA8-5
	U5-13

	NetLabels
	D23
	D23


	D24
	Pins
	RA9-8
	U5-42

	NetLabels
	D24
	D24


	D25
	Pins
	RA9-7
	U5-44

	NetLabels
	D25
	D25


	D26
	Pins
	RA9-6
	U5-45

	NetLabels
	D26
	D26


	D27
	Pins
	RA9-5
	U5-47

	NetLabels
	D27
	D27


	D28
	Pins
	RA10-8
	U5-48

	NetLabels
	D28
	D28


	D29
	Pins
	RA10-7
	U5-50

	NetLabels
	D29
	D29


	D30
	Pins
	RA10-6
	U5-51

	NetLabels
	D30
	D30


	D31
	Pins
	RA10-5
	U5-53

	NetLabels
	D31
	D31


	DQMH1
	Pins
	U1-B2
	U4-39

	NetLabels
	DQMH1


	DQMH2
	Pins
	U1-A1
	U5-39

	NetLabels
	DQMH2


	DRXD
	Pins
	J8-4
	U1-L17

	NetLabels
	DRXD


	DTXD
	Pins
	J8-5
	U1-K17

	NetLabels
	DTXD


	ERX0
	Pins
	RA16-4
	U1-U11
	U2-16

	NetLabels
	ERX0
	ERX0


	ERX1
	Pins
	U1-U12
	U2-15

	NetLabels
	ERX1
	ERX1


	ETX0
	Pins
	U1-U9
	U2-24

	NetLabels
	ETX0
	ETX0


	ETX1
	Pins
	U1-U10
	U2-25

	NetLabels
	ETX1
	ETX1


	GND
	Pins
	C3-2
	C6-2
	C7-2
	C8-2
	C9-2
	C10-2
	C11-2
	C12-2
	C13-1
	C14-1
	C15-2
	C16-2
	C17-2
	C18-2
	C19-2
	C20-2
	C21-2
	C22-2
	C23-2
	C24-2
	C25-2
	C26-2
	C27-2
	C28-2
	C29-2
	C30-2
	C31-2
	C34-2
	C36-2
	C37-2
	C40-2
	C42-2
	C43-2
	C44-2
	C46-2
	C47-1
	C48-1
	C49-1
	C50-1
	C51-1
	C52-1
	C53-1
	C54-1
	C55-1
	C56-1
	C57-1
	C58-1
	C59-1
	C60-1
	C61-2
	C62-2
	C65-1
	J2-4
	J2-6
	J2-8
	J2-10
	J2-12
	J2-14
	J2-16
	J2-18
	J2-20
	J4-3
	J4-4
	J6-14
	J7-2
	J8-1
	J9-6
	J9-9
	J9-10
	J9-11
	J9-12
	J10-4
	J10-8
	Q1-1
	R53-2
	R62-2
	R64-2
	R68-1
	R78-2
	RA16-5
	U1-B17
	U1-D6
	U1-D8
	U1-D10
	U1-D12
	U1-E16
	U1-F4
	U1-F17
	U1-G14
	U1-H8
	U1-H9
	U1-H10
	U1-J8
	U1-J9
	U1-J10
	U1-K8
	U1-K9
	U1-K10
	U1-K16
	U1-L1
	U1-M3
	U1-R2
	U1-R7
	U1-T2
	U1-T7
	U1-T15
	U1-U1
	U2-1
	U4-6
	U4-12
	U4-28
	U4-41
	U4-46
	U4-52
	U4-54
	U5-6
	U5-12
	U5-28
	U5-41
	U5-46
	U5-52
	U5-54
	U6-9
	U7-9
	U8-2
	U9-4
	U10-2


	NetU7_2
	Pins
	U7-2


	NetU7_1
	Pins
	U7-1


	NetU6_2
	Pins
	U6-2


	NetU6_1
	Pins
	U6-1


	NetU5_40
	Pins
	U5-40


	NetU4_40
	Pins
	U4-40


	NetU2_29
	Pins
	U2-29


	NetU2_27
	Pins
	U2-27


	NetU2_26
	Pins
	U2-26


	NetU2_22
	Pins
	U2-22


	NetU2_21
	Pins
	U2-21


	NetU2_14
	Pins
	U2-14


	NetU2_13
	Pins
	U2-13


	NetU1_U16
	Pins
	U1-U16
	U2-20


	NetU1_U15
	Pins
	U1-U15
	U2-23


	NetU1_U14
	Pins
	U1-U14
	U2-18


	NetU1_U13
	Pins
	U1-U13
	U2-19


	NetU1_U8
	Pins
	U1-U8


	NetU1_U7
	Pins
	U1-U7


	NetU1_T17
	Pins
	U1-T17


	NetU1_T16
	Pins
	U1-T16


	NetU1_T14
	Pins
	U1-T14
	U2-12


	NetU1_T9
	Pins
	U1-T9
	U9-6


	NetU1_T8
	Pins
	U1-T8


	NetU1_T6
	Pins
	U1-T6


	NetU1_T1
	Pins
	U1-T1


	NetU1_R17
	Pins
	U1-R17


	NetU1_R12
	Pins
	U1-R12


	NetU1_R11
	Pins
	U1-R11


	NetU1_R10
	Pins
	U1-R10
	U9-2


	NetU1_R9
	Pins
	U1-R9


	NetU1_R8
	Pins
	U1-R8


	NetU1_R6
	Pins
	U1-R6


	NetU1_R5
	Pins
	U1-R5


	NetU1_R1
	Pins
	U1-R1


	NetU1_P16
	Pins
	U1-P16


	NetU1_P15
	Pins
	U1-P15


	NetU1_P11
	Pins
	U1-P11
	U9-5


	NetU1_P10
	Pins
	U1-P10


	NetU1_P9
	Pins
	U1-P9


	NetU1_P7
	Pins
	U1-P7


	NetU1_P6
	Pins
	U1-P6


	NetU1_N15
	Pins
	U1-N15


	NetU1_N14
	Pins
	U1-N14


	NetU1_L14
	Pins
	U1-L14


	NetU1_H16
	Pins
	U1-H16


	NetU1_G1
	Pins
	U1-G1


	NetU1_F16
	Pins
	U1-F16


	NetU1_E17
	Pins
	U1-E17


	NetRA15_7
	Pins
	RA15-7
	U1-E15

	Ports
	NetRA15_7
	NetRA15_7


	NetRA15_8
	Pins
	RA15-8
	U1-E14

	Ports
	NetRA15_8
	NetRA15_8


	NetU1_D17
	Pins
	U1-D17


	NetU1_D15
	Pins
	U1-D15


	NetRA15_6
	Pins
	RA15-6
	U1-D14

	Ports
	NetRA15_6
	NetRA15_6


	NetU1_D13
	Pins
	U1-D13


	NetU1_C17
	Pins
	U1-C17


	NetU1_C15
	Pins
	U1-C15


	NetRA15_5
	Pins
	RA15-5
	U1-C14

	Ports
	NetRA15_5
	NetRA15_5


	NetU1_C13
	Pins
	U1-C13


	NetU1_C12
	Pins
	U1-C12


	NetU1_C11
	Pins
	U1-C11


	NetU1_C10
	Pins
	U1-C10


	NetU1_C9
	Pins
	U1-C9


	NetU1_B16
	Pins
	U1-B16


	NetU1_B15
	Pins
	U1-B15


	NetU1_B13
	Pins
	U1-B13


	NetU1_B12
	Pins
	U1-B12


	NetU1_B11
	Pins
	U1-B11


	NetU1_B10
	Pins
	U1-B10


	NetU1_B9
	Pins
	U1-B9


	NetU1_B8
	Pins
	U1-B8


	NetU1_B7
	Pins
	U1-B7


	NetU1_A16
	Pins
	U1-A16


	NetU1_A14
	Pins
	U1-A14


	NetU1_A13
	Pins
	U1-A13


	NetU1_A12
	Pins
	U1-A12


	NetU1_A11
	Pins
	U1-A11


	NetU1_A10
	Pins
	U1-A10


	NetU1_A9
	Pins
	U1-A9


	NetRA20_8
	Pins
	RA20-8
	U9-3


	NetRA20_6
	Pins
	RA20-6


	NetRA20_5
	Pins
	RA20-5
	U9-7


	NetRA16_8
	Pins
	RA16-8
	U2-28

	Ports
	NetRA16_8
	NetRA16_8


	NetRA16_7
	Pins
	RA16-7
	U1-R14
	U2-11


	NetRA16_6
	Pins
	RA16-6


	NetRA16_3
	Pins
	RA16-3


	NetRA14_8
	Pins
	RA14-8


	NetRA14_5
	Pins
	RA14-5


	NetRA14_4
	Pins
	RA14-4


	NetRA14_3
	Pins
	RA14-3
	U1-C7


	NetRA14_2
	Pins
	RA14-2
	U1-A7


	NetRA14_1
	Pins
	RA14-1


	NetRA13_4
	Pins
	RA13-4
	U1-A6


	NetRA13_3
	Pins
	RA13-3
	U1-D7


	NetRA13_2
	Pins
	RA13-2
	U1-C6


	NetRA13_1
	Pins
	RA13-1
	U1-A5


	NetRA12_4
	Pins
	RA12-4
	U1-B6


	NetRA12_3
	Pins
	RA12-3
	U1-A4


	NetRA12_2
	Pins
	RA12-2
	U1-D5


	NetRA12_1
	Pins
	RA12-1
	U1-C5


	NetRA11_4
	Pins
	RA11-4
	U1-B5


	NetRA11_3
	Pins
	RA11-3
	U1-C4


	NetRA11_2
	Pins
	RA11-2
	U1-A3


	NetRA11_1
	Pins
	RA11-1
	U1-A2


	NetRA10_4
	Pins
	RA10-4
	U1-M2


	NetRA10_3
	Pins
	RA10-3
	U1-P3


	NetRA10_2
	Pins
	RA10-2
	U1-R3


	NetRA10_1
	Pins
	RA10-1
	U1-P4


	NetRA9_4
	Pins
	RA9-4
	U1-N4


	NetRA9_3
	Pins
	RA9-3
	U1-L2


	NetRA9_2
	Pins
	RA9-2
	U1-L3


	NetRA9_1
	Pins
	RA9-1
	U1-K1


	NetRA8_4
	Pins
	RA8-4
	U1-N3


	NetRA8_3
	Pins
	RA8-3
	U1-M4


	NetRA8_2
	Pins
	RA8-2
	U1-K4


	NetRA8_1
	Pins
	RA8-1
	U1-K2


	NetRA7_4
	Pins
	RA7-4
	U1-J1


	NetRA7_3
	Pins
	RA7-3
	U1-H1


	NetRA7_2
	Pins
	RA7-2
	U1-J2


	NetRA7_1
	Pins
	RA7-1
	U1-J4


	NetRA6_4
	Pins
	RA6-4
	U1-K3


	NetRA6_3
	Pins
	RA6-3
	U1-H2


	NetRA6_2
	Pins
	RA6-2
	U1-F1


	NetRA6_1
	Pins
	RA6-1
	U1-H3


	NetRA5_4
	Pins
	RA5-4
	U1-H4


	NetRA5_3
	Pins
	RA5-3
	U1-E1


	NetRA5_2
	Pins
	RA5-2
	U1-D1


	NetRA5_1
	Pins
	RA5-1
	U1-C1


	NetRA4_4
	Pins
	RA4-4
	U1-G2


	NetRA4_3
	Pins
	RA4-3
	U1-F3


	NetRA4_2
	Pins
	RA4-2
	U1-E2


	NetRA4_1
	Pins
	RA4-1
	U1-E4


	NetRA3_4
	Pins
	RA3-4
	U1-E3


	NetRA3_3
	Pins
	RA3-3
	U1-D2


	NetRA3_2
	Pins
	RA3-2
	U1-C2


	NetRA3_1
	Pins
	RA3-1
	U1-D4


	NetR88_1
	Pins
	R88-1
	U1-B14


	NetR77_2
	Pins
	R77-2
	U1-F15


	NetR68_2
	Pins
	R68-2
	U1-F14


	NetR53_1
	Pins
	R53-1
	U2-10


	NetQ1_3
	Pins
	Q1-3
	R87-2


	NetQ1_2
	Pins
	Q1-2
	R88-2


	NetJ12_6
	Pins
	J12-6
	U1-J17


	NetJ12_5
	Pins
	J12-5
	U1-K15


	NetJ12_4
	Pins
	J12-4
	U1-H17


	NetJ12_3
	Pins
	J12-3
	U1-U5


	NetJ12_2
	Pins
	J12-2
	U1-U6


	NetJ12_1
	Pins
	J12-1
	U1-J15


	NetJ11_2
	Pins
	J11-2
	U1-P12


	NetJ11_1
	Pins
	J11-1
	RA20-7
	U9-1


	NetJ10_7
	Pins
	J10-7
	RA15-3


	NetJ10_6
	Pins
	J10-6
	RA15-4


	NetJ10_3
	Pins
	J10-3
	RA15-1


	NetJ10_2
	Pins
	J10-2
	RA15-2


	NetJ9_8
	Pins
	J9-8
	RA18-7
	U1-P14


	NetJ9_7
	Pins
	J9-7
	RA18-8
	U1-T10


	NetJ9_5
	Pins
	J9-5
	U1-T11


	NetJ9_3
	Pins
	J9-3
	R90-2
	U1-P13


	NetJ9_2
	Pins
	J9-2
	RA18-5
	U1-T12


	NetJ9_1
	Pins
	J9-1
	RA18-6
	U1-R13


	NetJ8_6
	Pins
	J8-6


	NetJ8_3
	Pins
	J8-3


	NetJ8_2
	Pins
	J8-2


	NetJ7_3
	Pins
	J7-3


	NetJ6_15
	Pins
	J6-15
	U1-U2

	Ports
	NetJ6_15
	NetJ6_15


	NetJ6_13
	Pins
	J6-13
	U1-M15


	NetJ6_12
	Pins
	J6-12
	U1-N16


	NetJ6_11
	Pins
	J6-11
	U1-M14


	NetJ6_10
	Pins
	J6-10
	U1-M16


	NetJ6_9
	Pins
	J6-9
	U1-A15


	NetJ6_8
	Pins
	J6-8
	U1-A17


	NetJ5_7
	Pins
	J5-7
	U1-T5


	NetJ5_6
	Pins
	J5-6
	U1-P5


	NetJ5_5
	Pins
	J5-5
	U1-L16


	NetJ5_4
	Pins
	J5-4
	U1-L15


	NetJ5_3
	Pins
	J5-3
	U1-N17


	NetJ5_2
	Pins
	J5-2
	U1-M17


	NetJ5_1
	Pins
	J5-1
	U1-K14


	NetJ5_0
	Pins
	J5-0
	U1-P17


	NetJ3_5
	Pins
	J3-5
	U1-R16


	NetJ3_4
	Pins
	J3-4
	U1-R15


	NetJ3_3
	Pins
	J3-3
	U1-U4


	NetJ3_2
	Pins
	J3-2
	U1-U3


	NetJ3_1
	Pins
	J3-1
	U1-T4


	NetJ3_0
	Pins
	J3-0
	U1-T3


	NetJ2_19
	Pins
	J2-19


	NetJ2_17
	Pins
	J2-17


	NetJ2_15
	Pins
	J2-15
	J4-0
	R76-2
	U1-G15


	NetJ2_13
	Pins
	J2-13
	U1-J14


	NetJ2_11
	Pins
	J2-11
	U1-G16


	NetJ2_9
	Pins
	J2-9
	RA17-6
	U1-H15


	NetJ2_7
	Pins
	J2-7
	RA17-8
	U1-G17


	NetJ2_5
	Pins
	J2-5
	RA17-7
	U1-J16


	NetJ2_3
	Pins
	J2-3
	RA17-5


	NetJ1_16
	Pins
	J1-16
	R42-1


	NetJ1_15
	Pins
	J1-15
	R45-1
	U2-31


	NetJ1_14
	Pins
	J1-14
	R43-1


	NetJ1_13
	Pins
	J1-13
	R46-1
	U2-30


	NetJ1_11
	Pins
	J1-11


	NetJ1_5
	Pins
	J1-5


	NetD4_2
	Pins
	D4-2
	R87-1


	NetD2_2
	Pins
	D2-2
	R78-1


	NetC62_1
	Pins
	C62-1
	U2-8
	Y1-1


	NetC61_1
	Pins
	C61-1
	U2-9
	Y1-2


	NetC60_2
	Pins
	C60-2
	U1-P1
	Y2-1


	NetC59_2
	Pins
	C59-2
	U1-N1
	Y2-2


	NetC55_2
	Pins
	C55-2
	R67-2


	NetC52_2
	Pins
	C52-2
	R66-2


	NetC44_1
	Pins
	C44-1
	U8-4


	NetC43_1
	Pins
	C43-1
	L5-1
	U8-5


	NetC41_2
	Pins
	C41-2
	R63-2
	R64-1
	U7-10


	NetC39_2
	Pins
	C39-2
	U7-4


	NetC39_1
	Pins
	C39-1
	U7-3


	NetC38_2
	Pins
	C38-2
	U7-6


	NetC38_1
	Pins
	C38-1
	U7-8


	NetC35_2
	Pins
	C35-2
	R61-2
	R62-1
	U6-10


	NetC33_2
	Pins
	C33-2
	U6-4


	NetC33_1
	Pins
	C33-1
	U6-3


	NetC32_2
	Pins
	C32-2
	U6-6


	NetC32_1
	Pins
	C32-1
	U6-8


	NetC15_1
	Pins
	C15-1
	D1-1
	R50-1
	U2-32


	NetC10_1
	Pins
	C10-1
	C11-1
	U2-2


	NetC3_1
	Pins
	C3-1
	C8-1
	C9-1
	L1-2
	U2-3


	N00291
	N00292
	N00293
	N00294
	N00295
	N00296
	RAS
	Pins
	U1-D3
	U4-18
	U5-18

	NetLabels
	RAS


	RXM
	Pins
	J1-6
	U2-4

	NetLabels
	RXM


	RXP
	Pins
	J1-4
	U2-5

	NetLabels
	RXP


	TXM
	Pins
	J1-10
	U2-6

	NetLabels
	TXM


	TXP
	Pins
	J1-12
	U2-7

	NetLabels
	TXP


	VIN
	Pins
	C65-2
	J4-5
	J7-1
	U10-1


	WE
	Pins
	U1-F2
	U4-16
	U5-16

	NetLabels
	WE



	Ports
	AREF
	AREF
	CONFIG0
	CONFIG0
	HDMA
	HDMA
	HDMB
	HDMB
	HDPA
	HDPA
	HDPB
	HDPB




	TLV276x single supply op amp
	tps63002
	FEATURES
	APPLICATIONS
	DESCRIPTION
	ABSOLUTE MAXIMUM RATINGS
	DISSIPATION RATINGS TABLE
	RECOMMENDED OPERATING CONDITIONS
	ELECTRICAL CHARACTERISTICS
	PIN ASSIGNMENTS
	TYPICAL CHARACTERISTICS
	PARAMETER MEASUREMENT INFORMATION
	DETAILED DESCRIPTION
	CONTROLLER CIRCUIT
	Synchronous Operation
	Buck-Boost Operation
	Power Save Mode and Synchronization
	Device Enable
	Softstart and Short Circuit Protection
	Undervoltage Lockout
	Overtemperature Protection


	APPLICATION INFORMATION
	DESIGN PROCEDURE
	PROGRAMMING THE OUTPUT VOLTAGE
	INDUCTOR SELECTION
	CAPACITOR SELECTION
	Input Capacitor
	Output Capacitor

	LAYOUT CONSIDERATIONS
	THERMAL INFORMATION


	XBee manual


	Final report Appendix D2 rev0
	Final report Appendix D2
	MQP_Oasis_Shield
	Schematic Prints("All Documents",Physical)
	MQP_R4sc4L_P0W3R.SchDoc(MQP_R4sc4L_P0W3R)
	Components
	Ag9000
	Ag9000-1
	Ag9000-2
	Ag9000-3
	Ag9000-4
	Ag9000-5
	Ag9000-6
	Ag9000-7
	Ag9000-8
	Ag9000-9
	Ag9000-10

	C1
	C1-1
	C1-2

	C2
	C2-1
	C2-2

	C3
	C3-1
	C3-2

	C4
	C4-1
	C4-2

	C5
	C5-1
	C5-2

	C7
	C7-1
	C7-2

	C8
	C8-1
	C8-2

	CPoE
	CPoE-1
	CPoE-2

	DRX
	DRX-1
	DRX-2

	DTX
	DTX-1
	DTX-2

	J21
	J21-0
	J21-1
	J21-2
	J21-3
	J21-4
	J21-5

	J22
	J22-8
	J22-9
	J22-10
	J22-11
	J22-12
	J22-13
	J22-14
	J22-15

	J23
	J23-0
	J23-1
	J23-2
	J23-3
	J23-4
	J23-5
	J23-6
	J23-7

	J24
	J24-0
	J24-1
	J24-2
	J24-3
	J24-4
	J24-5

	L1
	L1-1
	L1-2

	L2
	L2-1
	L2-2

	Pch
	Pch-1
	Pch-2
	Pch-3
	Pch-4

	PE1
	PE1-1
	PE1-2
	PE1-3
	PE1-4
	PE1-5
	PE1-6
	PE1-7

	PE2
	PE2-1
	PE2-2
	PE2-3
	PE2-4
	PE2-5
	PE2-6
	PE2-7

	Ptest
	Ptest-1
	Ptest-2
	Ptest-3
	Ptest-4

	R1
	R1-1
	R1-2

	R2
	R2-1
	R2-2

	R3
	R3-1
	R3-2

	R4
	R4-1
	R4-2

	R5
	R5-1
	R5-2

	R6
	R6-1
	R6-2

	R7
	R7-1
	R7-2

	R8
	R8-1
	R8-2

	R9
	R9-1
	R9-2

	R10
	R10-1
	R10-2

	RB
	RB-1
	RB-2

	Rset
	Rset-1
	Rset-2

	SP
	SP-1
	SP-2

	TS1
	TS1-1
	TS1-2
	TS1-3
	TS1-4
	TS1-5
	TS1-6
	TS1-7
	TS1-8
	TS1-9
	TS1-10
	TS1-11
	TS1-12
	TS1-13
	TS1-14
	TS1-15
	TS1-16
	TS1-17
	TS1-18
	TS1-19
	TS1-20

	U1
	U1-1
	U1-2
	U1-3
	U1-4
	U1-5
	U1-6
	U1-7
	U1-8
	U1-9
	U1-10
	U1-11
	U1-12
	U1-13
	U1-14
	U1-15
	U1-16
	U1-17

	U2
	U2-1
	U2-2
	U2-3

	U3
	U3-1
	U3-2
	U3-3
	U3-4
	U3-5
	U3-6
	U3-7
	U3-8
	U3-9
	U3-10
	U3-11

	U7
	U7-1
	U7-2
	U7-3
	U7-4


	Nets
	GND
	Pins
	Ag9000-7
	C1-1
	C2-1
	C4-1
	C5-1
	C7-1
	C8-1
	CPoE-1
	J22-14
	J24-3
	J24-4
	Pch-3
	Pch-4
	PE1-3
	PE2-2
	R6-1
	R9-1
	R10-1
	RB-1
	TS1-10
	U1-4
	U1-14
	U1-15
	U1-17
	U2-2
	U3-3
	U3-7
	U3-9
	U3-11
	U7-2
	U7-4


	NetU1_9
	Pins
	U1-9


	NetU1_7
	Pins
	U1-7


	NetU1_6
	Pins
	U1-6


	NetTS1_20
	Pins
	TS1-20


	NetTS1_19
	Pins
	TS1-19


	NetTS1_18
	Pins
	TS1-18


	NetTS1_17
	Pins
	TS1-17


	NetTS1_16
	Pins
	TS1-16


	NetTS1_15
	Pins
	TS1-15


	NetTS1_14
	Pins
	TS1-14


	NetTS1_13
	Pins
	TS1-13


	NetTS1_12
	Pins
	TS1-12


	NetTS1_11
	Pins
	TS1-11


	NetTS1_9
	Pins
	TS1-9


	NetTS1_8
	Pins
	TS1-8


	NetTS1_7
	Pins
	TS1-7


	NetTS1_6
	Pins
	TS1-6


	NetTS1_5
	Pins
	TS1-5


	NetTS1_4
	Pins
	TS1-4


	NetR8_1
	Pins
	R8-1
	R9-2
	U1-5


	NetR1_2
	Pins
	R1-2
	U1-8


	NetPtest_2
	Pins
	Ptest-2
	R5-1
	R10-2


	NetPtest_1
	Pins
	Ptest-1
	R4-1
	R6-2


	NetPE2_7
	Pins
	PE2-7


	NetPE2_6
	Pins
	PE2-6


	NetPE2_5
	Pins
	PE2-5


	NetPE2_4
	Pins
	PE2-4


	NetPE2_3
	Pins
	PE2-3


	NetPE2_1
	Pins
	PE2-1


	NetPE1_7
	Pins
	PE1-7


	NetPE1_6
	Pins
	PE1-6


	NetPE1_5
	Pins
	PE1-5


	NetPE1_4
	Pins
	PE1-4


	NetPE1_2
	Pins
	PE1-2


	NetPE1_1
	Pins
	PE1-1


	NetL2_2
	Pins
	L2-2
	U3-2


	NetL2_1
	Pins
	L2-1
	U3-4


	NetJ24_5
	Pins
	J24-5


	NetJ24_0
	Pins
	J24-0


	NetJ23_7
	Pins
	J23-7


	NetJ23_6
	Pins
	J23-6


	NetJ23_5
	Pins
	J23-5


	NetJ23_4
	Pins
	J23-4


	NetJ23_3
	Pins
	J23-3


	NetJ23_2
	Pins
	J23-2


	NetJ23_1
	Pins
	J23-1
	R2-1
	TS1-3


	NetJ23_0
	Pins
	J23-0
	R3-1
	TS1-2


	NetJ22_13
	Pins
	J22-13


	NetJ22_12
	Pins
	J22-12


	NetJ22_11
	Pins
	J22-11


	NetJ22_10
	Pins
	J22-10


	NetJ22_9
	Pins
	J22-9


	NetJ22_8
	Pins
	J22-8


	NetJ21_5
	Pins
	J21-5
	Ptest-3


	NetJ21_4
	Pins
	J21-4
	Ptest-4


	NetJ21_3
	Pins
	J21-3


	NetJ21_2
	Pins
	J21-2


	NetJ21_1
	Pins
	J21-1


	NetJ21_0
	Pins
	J21-0


	NetDTX_2
	Pins
	DTX-2
	R3-2


	NetDRX_2
	Pins
	DRX-2
	R2-2


	NetC8_2
	Pins
	C8-2
	R7-1
	U3-6
	U3-8


	NetC3_2
	Pins
	C3-2
	U1-10


	NetC3_1
	Pins
	C3-1
	L1-1
	U1-1
	U1-12
	U1-13
	U1-16


	NetC1_2
	Pins
	C1-2
	C2-2
	SP-2
	U1-2
	U1-3
	U1-11
	U2-1


	NetAg9000_10
	Pins
	Ag9000-10


	NetAg9000_6
	Pins
	Ag9000-6
	Rset-2


	NetAg9000_5
	Pins
	Ag9000-5
	Rset-1


	NetAg9000_4
	Pins
	Ag9000-4


	NetAg9000_3
	Pins
	Ag9000-3


	NetAg9000_2
	Pins
	Ag9000-2


	NetAg9000_1
	Pins
	Ag9000-1


	N00074
	N00075
	N00076
	V_BAT
	Pins
	Pch-2
	R5-2
	U7-3


	V_BATT
	Pins
	C7-2
	R7-2
	U3-5


	VCC
	Pins
	J24-2
	U3-1
	U3-10


	VCC_3.3V
	Pins
	DRX-1
	DTX-1
	J22-15
	J24-1
	TS1-1

	NetLabels
	VCC_3.3V


	VCC_5B
	Pins
	C4-2
	C5-2
	L1-2
	Pch-1
	R1-1
	R4-2
	R8-2
	U2-3
	U7-1


	VCC_POE
	Pins
	Ag9000-8
	Ag9000-9
	CPoE-2
	RB-2
	SP-1

	NetLabels
	VCC_POE





	PCB Prints
	RascalOasisServerShield.PcbDoc
	Multilayer Composite Print
	Components
	Ag9000
	Ag9000-1
	Ag9000-2
	Ag9000-3
	Ag9000-4
	Ag9000-5
	Ag9000-6
	Ag9000-7
	Ag9000-8
	Ag9000-9
	Ag9000-10

	C1
	C1-2
	C1-1

	C2
	C2-2
	C2-1

	C3
	C3-2
	C3-1

	C4
	C4-2
	C4-1

	C5
	C5-2
	C5-1

	C7
	C7-2
	C7-1

	C8
	C8-2
	C8-1

	CPoE
	CPoE-1
	CPoE-2

	DRX
	DRX-2
	DRX-1

	DTX
	DTX-2
	DTX-1

	J21
	J21-6
	J21-5
	J21-4
	J21-3
	J21-2
	J21-1

	J22
	J22-8
	J22-7
	J22-6
	J22-5
	J22-4
	J22-3
	J22-2
	J22-1

	J23
	J23-8
	J23-7
	J23-6
	J23-5
	J23-4
	J23-3
	J23-2
	J23-1

	J24
	J24-6
	J24-5
	J24-4
	J24-3
	J24-2
	J24-1

	L1
	L1-2
	L1-1

	L2
	L2-2
	L2-1

	Pch
	Pch-1
	Pch-2
	Pch-3
	Pch-4

	PE1
	PE1-7
	PE1-6
	PE1-5
	PE1-4
	PE1-2
	PE1-1
	PE1-3

	PE2
	PE2-7
	PE2-6
	PE2-5
	PE2-4
	PE2-2
	PE2-1
	PE2-3

	Ptest
	Ptest-1
	Ptest-2
	Ptest-3
	Ptest-4

	R1
	R1-1
	R1-2

	R2
	R2-1
	R2-2

	R3
	R3-1
	R3-2

	R4
	R4-1
	R4-2

	R5
	R5-1
	R5-2

	R6
	R6-1
	R6-2

	R7
	R7-1
	R7-2

	R8
	R8-2
	R8-1

	R9
	R9-2
	R9-1

	R10
	R10-1
	R10-2

	RB
	RB-2
	RB-1

	Rset
	Rset-2
	Rset-1

	SP
	SP-1
	SP-2

	TS1
	TS1-1
	TS1-2
	TS1-3
	TS1-4
	TS1-5
	TS1-6
	TS1-7
	TS1-8
	TS1-9
	TS1-10
	TS1-20
	TS1-19
	TS1-18
	TS1-17
	TS1-16
	TS1-15
	TS1-14
	TS1-13
	TS1-12
	TS1-11

	U1
	U1-17
	U1-16
	U1-15
	U1-14
	U1-13
	U1-12
	U1-11
	U1-10
	U1-9
	U1-8
	U1-7
	U1-6
	U1-5
	U1-4
	U1-3
	U1-2
	U1-1

	U2
	U2-1
	U2-3
	U2-2

	U3
	U3-10
	U3-9
	U3-8
	U3-7
	U3-6
	U3-5
	U3-4
	U3-3
	U3-2
	U3-1
	U3-11


	Nets
	GND
	Ag9000-7
	C1-1
	C2-1
	C4-1
	C5-1
	C7-1
	C8-1
	CPoE-1
	J22-7
	J24-4
	J24-5
	Pch-3
	Pch-4
	PE1-3
	PE2-2
	R6-1
	R9-1
	R10-1
	RB-1
	TS1-10
	U1-4
	U1-14
	U1-15
	U1-17
	U2-2
	U3-3
	U3-7
	U3-9
	U3-11

	NetAg9000_5
	Ag9000-5
	Rset-1

	NetAg9000_6
	Ag9000-6
	Rset-2

	NetC1_2
	C1-2
	C2-2
	SP-2
	U1-2
	U1-3
	U1-11
	U2-1

	NetC3_1
	C3-1
	L1-1
	U1-1
	U1-12
	U1-13
	U1-16

	NetC3_2
	C3-2
	U1-10

	NetC8_2
	C8-2
	R7-1
	U3-6
	U3-8

	NetDRX_2
	DRX-2
	R2-2

	NetDTX_2
	DTX-2
	R3-2

	NetJ21_4
	J21-5
	Ptest-4

	NetJ21_5
	J21-6
	Ptest-3

	NetJ23_0
	J23-1
	R3-1
	TS1-2

	NetJ23_1
	J23-2
	R2-1
	TS1-3

	NetL2_1
	L2-1
	U3-4

	NetL2_2
	L2-2
	U3-2

	NetPtest_1
	Ptest-1
	R4-1
	R6-2

	NetPtest_2
	Ptest-2
	R5-1
	R10-2

	NetR1_2
	R1-2
	U1-8

	NetR8_1
	R8-1
	R9-2
	U1-5

	V_BAT
	Pch-2
	R5-2

	V_BATT
	C7-2
	R7-2
	U3-5

	VCC
	J24-3
	U3-1
	U3-10

	VCC_3.3V
	DRX-1
	DTX-1
	J22-8
	J24-2
	TS1-1

	VCC_5B
	C4-2
	C5-2
	L1-2
	Pch-1
	R1-1
	R4-2
	R8-2
	U2-3

	VCC_POE
	Ag9000-8
	Ag9000-9
	CPoE-2
	RB-2
	SP-1





	Bill of Materials




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




