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Abstract 

This MQP report describes the implementation of a low noise amplifier (LNA) as a 

preamplifier for a 7T Magnetic Resonance Imaging (MRI) machine. The background explores 

the need for LNAs and the general noise, gain, and applications of LNAs. Our design targets a 

noise figure of at most 0.5dB in order to not corrupt the signal received by the 300 MHz MRI 

coil. We next discuss the testing of existing LNAs, as well as the design, assembly and testing 

process for our LNA. In our design process, we investigated the suitability of several designs and 

layouts for our amplifier. Also included in our report is a breakdown of the costs associated with 

the project, including the financial costs of testing materials and construction components, as 

well as the social and environmental impact of a theoretical large scale production run of this 

amplifier. 
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1.0 Introduction 

The modern world of smartphones, satellites, GPS, and medical imaging requires 

accurate transmission and reception of very faint, high frequency signals through noisy 

environments with little to no loss for effective functioning. In regards to magnetic resonance 

medical imaging, scanners using stronger magnetic fields which can accurately visualize and 

quantify functional changes in brain activities. [1] Currently, work is being done at Northeastern 

University to evaluate the ability of 7 Tesla (7T) MRI scanners to accurately gather this type of 

data. However, these higher field strength scanners require specialized amplifiers tuned to 

operate at the higher Larmor frequencies that result from increasing the strength of the magnetic 

field. Our group evaluated several existing amplifiers to determine their limitations when 

working with a higher strength 7T MRI system operating at approximately 300MHz, such as the 

one used at Northeastern University, and used that information to design an amplifier specifically 

for that MRI scanner. 
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2.0 Background 

This section covers the functionality and some of the fundamental behavior of LNAs. A 

brief summary of some of the characteristics that are important considerations when working 

with these devices, such as linearity, noise, and gain, is also included. A study of relevant 

literature was also conducted to establish the equipment and standards being used, which 

established the best practices by which our amplifier was designed, constructed and evaluated. 

2.1 Need for Low Noise Amplifier 

 

The role of an LNA is to boost the power of an inputted analog signal to a sufficient level 

above the noise floor so that it can be put through additional processing steps. Therefore, the 

Noise Figure (NF) of an LNA directly limits the sensitivity of the receiver. The NF of a 

particular amplifier can be shown as a relationship between the input and output signal-to-noise 

ratio, which is shown by Figure [1] 

𝑁𝐹 =  
𝑆/𝑁(𝑖𝑛)

𝑆/𝑁(𝑜𝑢𝑡)
    (1) 

 

Here, S/N(in) is the input signal to noise ratio, and S/N(out) is the output signal to noise ratio of 

a general two-port network. 

With this fact in mind, LNAs are designed with a focus on maintaining a low noise figure, often 

at the cost of reduced gain, as opposed to more common amplifiers, which frequently prioritize 

increases in gain over noise minimization.  [2]. 

In the context of MRI equipment, LNAs are used as preamplifiers, responsible for 

amplification of the induced signal from the RF coils, before any other processing is performed. 

Minimizing noise is critical at this step, as any noise produced in this stage will be further 
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amplified through the rest of the signal chain. This means that MRI preamplifiers typically have 

lower gains (often below 20 dB) than could be produced by traditional amplifiers. 

2.2 Definition of the LNA 

In medical imaging and wireless applications, a LNA is an active network that increases 

the amplitude of weak RF signals to allow processing by a receiver chain. In order to prevent 

signal degradation, LNAs are typically placed as close as possible to the signal source to prevent 

interference or attenuation from being introduced in a transmission line. They are tuned with a 

focus on introducing a minimal amount of noise into the signal, usually by lowering the gain. 

LNAs are one of the most important circuit components present in radio and other signal 

receivers. Figure 1 is the block diagram of a typical LNA. 

 

Figure 1: Block Diagram of a Typical LNA [3]  

The block diagram in Figure 1 shows how a basic LNA is constructed. The general LNA 

topology is composed of three stages: 1. the Input Matching Network (IMN), 2. the actual 

Amplifier design block with the selected transistor [S], and 3. the Output Matching Network 

(OMN).  In our case, the input is a Thevenin equivalent voltage model, consisting of an 
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equivalent source resistance and voltage, located on the left most side of the Figure 1 block 

diagram. The input and output matching networks typically consist of reactive elements 

including microstrip transmission lines, as well as capacitors and inductors, used to match the 

impedances of the amplifier to the source and load impedances of the device. Matching is needed 

to  ensure optimal power transfer as well as maintaining the stability of the active device.  

The transistor in the block diagram in Figure 1 represents the specific transistor that was 

selected for the LNA. The designers need to assess what type of transistor is needed according to 

their circuit specifications and requirements. The Scattering Parameters, or S-Parameters are 

linear, high-frequency system descriptors that are used to model the transistor block. Device 

manufacturers generally report four parameters: S(1,1), S(2,2), S(2,1), S(1,2) which are, 

respectively, input reflection coefficient, output reflection coefficient, forward voltage gain, and 

reverse voltage gain. The S-parameters will be used in part to assist the designer in choosing the 

matching element values needed to be placed around the active device (transistor) in order to 

achieve the desired amplifier performance. In RF engineering and when designing an amplifier 

we need to deal with high frequency, and thus it becomes essential to describe a network in terms 

of voltage and current waves rather than conventional voltages or currents. [4] 

2.2.1 Linearity and Sensitivity 

 

Depending on the application, the linearity of an LNA is of varying importance for the 

receiver. The main purpose of the LNA is to increase the received signal so it can be utilized for 

additional processing, and this task is compromised if the LNA preforms nonlinearly. [5] The 

non-linearity of LNAs is frequently a consideration when designing RF circuits, particularly in 

the front end of wireless receiver circuits. One of the main reasons is that the non-linearity of a 
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LNA can make the demodulating and decoding of a transmitted message more difficult. [6] In 

our application, however, non-linearity is less of a factor, as MRIs operate within narrow 

frequency bands. The sensitivity figure (given in dBm) expresses how effectively the receiver 

will capture incoming signals. The main purpose of medical MRIs is to capture weak induced 

signals from the RF coil and resolve them into detailed images of the various anatomical 

structures of the body. In order for the MRI scanner to produce clear images at the higher 

resolution of 7T MRIs, it is important that the receiver is as sensitive as possible, without 

introducing enough noise to drown out the small desired signal. In particular, the LNA that 

makes up the first stage of the reception signal chain must provide the maximum possible 

amplification without distorting or obscuring the target signal. The sensitivity of the minimum 

input signal is: 

 

𝑆 = 𝑁𝐹 + 𝑛0 +  
𝑆

𝑁
      ___________________________(2) 

 

Adapted from [7], Equation (2) “denotes S as the minimum input signal in (dBm), where 

NF is the noise figure of the receiver in dB, S/N is in the output signal to noise ratio in dB, and 

 𝑛 0 is the thermal noise power of the receiver in (dBm).” 

2.2.2 Noise 

Noise in amplifiers can originate from a number of sources, each of which can broadly 

fall into the categories of external and internal noise. Internal noise is generated by the various 

components of the amplifier, while external noise originates from a noisy input signal [8]. 
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2.2.2.1 Internal Noise 

 Internal noise can be caused by many different factors, but the most common types of 

noise are Johnson, shot, and transit time noise [8].  

Johnson noise is caused by the thermal agitation of charge carriers in a circuit. In essence, 

charge carriers are agitated by the thermal conditions of their environment. Thus, depending on 

the exact temperature of the circuit, more noise is typically introduced as the temperature of an 

amplifier increases. Considering that amplifiers generate heat during operation, it is important to 

not only ensure that the amplifier is insulated from outside temperature changes but is also 

adequately cooled to prevent heat from increasing the temperature of the amplifier as it continues 

to operate. 

Shot noise occurs because, at the subatomic level, the flow of electricity exists as the 

movement of electrons as discrete quantities of charge. When working with the extremely small 

voltages of the type that are frequently found when LNAs are employed, the discrete movement 

of charge carriers across the P-N junction is not entirely uniform and introduces a type of noise 

that is difficult to mitigate and must simply be accounted for when working with the signal 

output from the amplifier [9]. 

Transit time noise is a frequency dependent noise type that results from the delay 

introduced by the charge carriers as they move from input to output. At high frequencies, this 

transit time noise becomes prominent. 

Most of these types of noise mechanisms are difficult to individually quantify, and even 

more difficult to effectively mitigate without the creation of custom transistors, a task which is 

outside the scope of this project. For our purposes, internal noise is best quantified by the noise 

figure (NF) which refers to the overall increase in noise throughout a signal chain. While we can 
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minimize this value by selecting components and design layouts appropriate for our application, 

there will be some unavoidable noise contributions that are introduced through these processes.  

 

2.2.2.2 External Noise 

 External noise is more straightforward in its origins and there are methods of 

minimization. This type of noise consists of electromagnetic fluctuations induced by both 

manmade sources, as well as environmental influences including cosmic radiation and 

atmospheric noise. Environmental factors are unavoidable but may be mitigated by isolating 

components from external interference as much as possible using Faraday shielding, for 

example. 

 Man-made noise falls into two major categories, environmental and local. Environmental 

noise includes high frequency radio transmissions, as well as the electromagnetic field coupling 

induced by in wall electrical wiring. While some effort can be made to reduce this type of noise 

by eliminating nearby sources such as wireless routers or microwave ovens, many of these 

sources are unavoidable, and must simply be shielded from in a similar manner to natural 

environmental factors.  

 The other type of man-made noise comes from sources within the same piece of 

equipment or even within the same circuit as the device being isolated. Typical larger scale 

shielding is less practical, at this scale, so other methods must be employed. Equipment and 

circuitry can be designed by selecting components to minimize generated noise, and to 

physically separate the noise generating components from the noise sensitive components [10]. 

Taken as a whole, noise is frequently described in the form of a Signal to Noise Ratio 

(SNR); this value measures the relative power of the desired signal compared to the power of the 

noise that is also present. External noise can be a major contributor to a small SNR, and can be 
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mitigated with proper shielding, but not entirely eliminated. Also, important to consider is the 

Noise Figure (NF), discussed previously, which explicitly quantifies the noise added by the 

system. Taken together, these metrics help to quantify how much noise is being amplified or 

introduced into a signal by sources both within and outside of the signal chain and helps 

determine whether the increases in signal strength outweigh the increases in noise. While an 

ideal system would have a NF of 0 dB, indicating that no additional noise is introduced by a 

particular step in the signal chain, some increase in noise always occurs in real world amplifiers. 

 

2.2.3 Gain 

 Gain is, at its most basic level, the quantization of the change in signal power from the 

input to the output of any electrical system. In the case of amplifiers, gain measures the increase 

in signal power from the input to the output terminals of the device. This gain is usually 

measured in decibels (dB). 

 When working with amplifiers, higher gain is generally better, but usually comes at the 

cost of increased noise. For LNAs, the main priority is minimizing noise, so LNAs typically see 

smaller per stage gains than other types of amplifiers. Current LNAs typically seek to maintain a 

noise figure of less than 1 dB, with gain usually measuring between 20 and 30 dB . 

2.3 Applications of LNAs 

LNAs are used in many applications, including systems which operate at higher (RF) 

frequencies, including cases where incoming signals are extremely faint, and where the 

introduction of noise can seriously impact the performance of later processing or analysis. 

However, LNAs typically have narrow frequency bands, and also typically exhibit lower gain 

than many other types of amplifiers.  
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LNAs are often used in wireless receivers, both in cellular communication devices, as 

well as medical scanners, where the input is typically a small signal at a fixed frequency, and 

where even small increases in noise can have serious impacts [11]. 

 

 

2.4 Literature Review 

 In order to establish the target gain and noise figures for our proposed amplifier, we 

investigated the current trends in amplifier design for MRI applications. Along with establishing 

a target for the key performance characteristics, this research gave us insight into the 

performance of amplifier components and designs currently employed in industry. 

Yadav, S. [12] designed a LNA for a 1.5T MRI scanner using cascode technology. This 

LNA has a noise figure close to 0.6 dB with a gain greater than 20 dB at a frequency of 63.87 

MHz (consistent with a 1.5T MRI system). While this amplifier is in the wrong frequency band 

for the 7T, 300 MHz application that this project is focused on, it helped to both establish a 

desired set of performance characteristics and provided a potential topology for consideration. 

E. O. Farhat, et. al. [14] designed a Wideband CMOS LNA for low frequency 

applications (50-350 MHz). They utilized the inductive source degenerated topology in order to 

provide a much lower NF than some of its resistive based counter designs.  The LNA has a noise 

figure close to 0.32 dB with a gain of 38 dB. While these values are excellent, the amplifier is 

based on a multi-stage cascode design, which increases complexity compared to a single stage 

amplifier. 

Das, T [13] investigated several amplifier topologies, and discussed numerous design 

considerations for amplifiers, including transistor type and board type and layout. In particular, it 
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identified that, while Cascode designs are highly linear and typically have wide operating 

bandwidths, their NF is typically higher than a common source design. 

Based on our review of literature, it was determined that a common source amplifier, 

while less stable and with narrower bandwidth than other amplifier designs, has the potential for 

a lower NF. For MRIs, where the operating frequency range is narrow, a narrow band amplifier 

with limited stability does not present any significant negatives, but the minimal NF is 

potentially beneficial.  

Transistor selection was also considered, with a focus on HBTs, HEMTs, PHEMTs and 

MESFETs.  

Pavlidis, D [19] found that, when designing LNAs, PHEMTs are usually preferred, as 

their deployment helps to minimize thermal noise, while also minimizing the reductions in gain 

required to remain below the target NF. 
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3.0 Project Statement and Objectives 

 The LNA is an important building block at the front end of the signal receiver chain 

found in MRI machines. The preamplifier is the first block after the RF receive coil that will 

accept the MR signal and amplify it, while introducing as little additional noise as possible. MR 

signals obtained by the RF coil rely on very little added noise during the amplification process in 

the front end in order to ultimately achieve high resolution imaging. Our project targeted the 

design and implementation of an LNA with a NF of less than 0.5dB at a frequency of 298 MHz 

in an attempt to improve the resolution and sensitivity of the Bruker BioSpec 70/20 MRI scanner 

at Northeastern University’s Center For Translational NeuroImaging. 
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4.0 Methodology 

In order to successfully develop a custom LNA for a higher frequency 7T MRI, research 

was conducted to evaluate the potential for various designs and components to reach the desired 

values for noise figure and gain. With this information, extensive simulations were conducted 

using Keysights PathWave Advanced Design System (ADS), to simulate and evaluate the 

performance of various amplifier designs. 

 This information was used to design a PCB, order components, and assemble a physical 

version of the simulated LNA. However, shipping delays meant the physical prototype LNA was 

not completed in time for testing to be performed. Ideally, laboratory testing would have been 

performed to evaluate the noise, gain, and power characteristics of both the prototype LNA, as 

well as a commercially available LNA ‘demo board’, to confirm that the prototype performed 

both in line with the simulations, and better than LNAs currently on the market. 

4.1 Active Device Selection 

The first step in the design process of our custom LNA was to select a suitable transistor 

based on the requirements outlined previously. The main considerations when selecting our 

transistor were the noise figure, the gain, and the operating frequency range of the transistor. We 

selected the ATF-54143 HEMT produced by Avago Technologies based on its low noise figure, 

relatively high gain, and low cost . These characteristics are broken down in Table 1 
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Table 1: LNA requirements and ATF-54143 specifications 

 LNA Requirements ATF-54143 

Transistor Type PHEMT PHEMT 

Frequency Range 298 MHz 0.1 - 10 GHz 

Noise Figure (NF) 0.5 dB < 0.5 dB  (at 0.3 GHz) 

Gain ≃20 dB 16.6 dB 

Power Consumption 200 mW Max of 725 mW 

                                                                         

To match the Lamor frequency of the Bruker BioSpec 70/20 MRI being used at 

Northeastern University, our amplifier must be designed with a center frequency of 298 MHz. 

The selected transistor, the ATF-54143, has a baseline NF of .15 dB at the target frequency. 

While the baseline gain of the transistor at this frequency is listed as 16.6 dB, Figure 2 indicates 

that the transistor has a Maximum Stable Gain (MSG) and Maximum Available Gain (MAG) of 

between 27 and 34 dB. This range is based upon an amplifier which has an identical input 

impedance to that of the signal source resistance. For our application, where our signal source 

already has an approximately matched impedance to the transistor, it should be possible to 

achieve an overall amplifier gain close to the MSG, without any decrease that might be 

introduced by a matching network. The typical scattering parameters, important for the stability 

analysis, as well as the reference biasing voltage (VDS) and current (IDS), are summarized in 
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Figure 2. 

 

Figure 2: ATF 54143 Typical S-Parameters 

The selected device was incorporated into a circuit simulated in ADS, using a model 

provided by Avago [20]. The internal layout of the transistor model is shown in Figure 3: 

  

Figure 3: ATF-54143 layout ADS Model 

Figure 3 shows the active FET device embedded by transmission line sections denoted by 

TLINP; they model bondwires at the gate-drain input and the drain-source output. In addition, 

inductive and capacitive coupling elements are seen, along with information regarding the 

substrate (MSub), such as board height, trace thickness, dielectric properties, loss tangent, 

conductivity, etc. 
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 4.2 DC Bias and Stability 

We imported the component ATF-54143 into our ADS simulator workspace and started 

the schematic design process by ensuring that the transistor had a DC biasing circuit to achieve 

the required DC operating points. According to the vendor [20] “the ATF-54143 enhancement 

mode PHEMT requires about a 0.6V potential between the gate and source for a nominal drain 

current of 60 mA” [18]. 

Once we established the appropriate DC bias conditions we added a shunt RC circuit to 

our LNA design to provide resistive loading and thus improve the stability of our circuit. We 

selected a value of 150 Ω and 2 pF, which was high enough to achieve unconditional stability 

within our operational frequency range, but not so high as to compromise the Noise Figure of our 

LNA. [21] Our main goal in the first stage of the design of the LNA schematic was to achieve a 

higher gain than our target (>20dB) as well as a slightly lower NF (<0.5dB) to have flexibility in 

our design in case we had to compromise a value in later stages of the design process. The 

addition of the RC shunt was to design our LNA to be unconditionally stable.  The selected 

values then were a 150 Ω resistor and a 2 pF capacitor. In Figure 4 we can observe the circuit of 

our LNA and in Figure 5 the simulation results of the circuit. 
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Figure 4: DC Bias and Stability Schematic of our LNA Circuit. 

 

  

Figure 5: Simulation results; the four graphs are explained in the text. 
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         In Figure 5 we have provided the results of the simulations conducted in Advanced 

Design System by Keysight Technologies. All simulations were conducted at a frequency of   

300 MHz (defined by markers) and over a range of 0 to 1 GHz. For the purposes of the DC Bias 

and Stability simulation we modeled the following parameters depicted in Figure 5: 

1) Stability analysis (upper left) 

2) Noise Figure (upper right) 

3) S(2,1) Forward Voltage Gain (lower left) 

4) S(1,1), S(2,2) Input and Output Reflection Coefficients (lower right) 

 For our stability analysis we utilized the Mu prime measurement tool in ADS to assess 

the overall stability of our circuit. According to Keysight the Mu prime measurement “Returns 

the geometrically derived stability factor for the source” [22]. The results of this simulation can 

be observed in the upper left quadrant of Figure 5. We successfully achieved stability with a 

value of 1.023. In order for a circuit to be stable according to the measurement used the value has 

to be over 1. 

 Next, we wanted to simulate the Noise Figure since this is a key measurement for the 

design of our LNA. The Noise Figure simulation results can be observed in the upper right 

quadrant of Figure 5. We obtained a Noise Figure of 0.451dB at a frequency of 300 MHz. This is 

below our target of 0.5dB and very close to 0.38dB, the minimum Noise Figure of our active 

device  

Another important measurement we conducted during the simulation was measuring the 

voltage gain S (2,1). This can be observed in the lower left quadrant of Figure 5. We achieved a 

voltage gain of 29.619 when operating at 300MHz. This gain is more than our target gain and 

this is very beneficial for our project. 
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4.3 PCB Layout 

In this section, we will discuss the creation of our PCB prototype as well as how we 

planned to obtain our PCB. 

4.3.1 PCB Prototype 

 In order to create our PCB layout, the LNA circuit schematic was recreated in an 

application called EasyEDA. We chose to use EasyEDA because it will convert circuit 

schematics in gerber layout files so ordering of the PCB is possible. Figure 6 shows the recreated 

circuit schematic in EasyEDA and Figure 7 shows the PCB prototype layout. 

 

Figure 6: PCB schematic of the prototype LNA 
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Figure 7: PCB Layout 

 

 

4.3.2 JLCPCB 

After the creation of the PCB prototype layout, we used JLCPCB to order our prototype 

board. JLCPCB populated everything on the PCB except for the transistor, since our active 

device is not a transistor that JLCPCB offers through its parts library.  

4.4  Budgeting 

 In developing and testing the LNA described in this report, two key financial requirements were 

identified. The first is the acquisition of an existing, tuned LNA, frequently called a demo board. The 

second is all the costs associated with fabricating a PCB and assembling a functional circuit. 
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4.4.1 Reference LNA Acquisition 

 Early on in the project, it was determined that having at least one LNA demo board to validate the 

efficacy of the testing procedure, as well as provide a baseline which the LNA designed for the project 

should surpass in NF and Gain. Initially, attempts were made to borrow these boards, as their cost would 

prevent the purchase of more than one device. However, these inquiries failed to acquire any amplifiers, 

so a single amplifier was selected to purchase directly. Several amplifiers were considered, and 

ultimately, the Analog Devices HMC639ST89 was selected, due to its availability, and the fact that it is 

internally matched to 50 ohms, which allows for comparative testing without having to develop a custom 

matching network that might affect the measured performance as compared to the listed capabilities. 

 

4.4.2 Prototype construction 

 The cost of PCB production and assembly is relatively low. JLCPCB [23], a custom PCB 

fabrication and ordering company, is capable of rapidly producing high quality PCBs and 

installing all of the components we require, except for the transistor. Their limited library of 

available parts meant that the only hand assembly our team had to perform was the installation of 

the transistor onto the board. Table 2 outlines the total cost of PCB fabrication, component 

acquisition, and assembly. 

Table 2: PCB Assembly Cost Breakdown 

Item Part # Unit Cost Quantity Total 

Resistor (51 ohm) 0805W8F5102T5E $0.09 1 $0.09 

Resistor (150 ohm) TC0525B1500T5E $1.11 1 $1.11 

 

Resistor (100 ohm) TC0525D1000T5E $.50 1 $0.50 
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Capacitor (2 pF) 0805CG2R0C500NT $0.14 1 $0.14 

Capacitor (100 pF) CL10C101JB8NNNC $0.24 
 

1 $0.24 

Inductor (100 nH) SDCL1608CR10JTDF $0.28 1 $0.28 

SMA Connector KH-SMA-K513-G $0.42 5 $2.10 

AD HMC639ST89 1127-1501-1-ND $6.41 1 6.41 

PCB Fabrication / 

Assembly 

 $5.00 1 $5.00 

Total Cost    $15.87 

 

Including a large margin for cost overruns, including rush assembly, the total cost of creating the 

PCB and assembling all the components is below $30 dollars. 

 

4.4.3 Theoretical mass production 

 Transforming the prototype circuit into a commercial product suitable for mass 

production and use in functioning 7T MRI scanners involves several considerations. Most 

important is the requirement for LNAs being deployed in the vicinity of strong magnetic fields, 

such as those generated by MRI scanners, to use non-magnetic components. For the initial 

prototyping and testing conducted during the project, this requirement was eliminated to reduce 

the time and cost of prototyping. Non-magnetic components can cost 5-10 times more per unit 

than their magnetic counterparts, and are generally more difficult to acquire in small quantities as 

required for prototyping. For the purposes of mass production, this complication could be 

mitigated by working directly with manufacturers to reliably secure the required components, 

and at a reduced per unit cost given the relatively high quantity of orders. 
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5.0 Results  

In this section, we look at the comparison between the prototype LNA and the reference 

LNA to show the success of the prototype LNA. 

5.1 Simulated Reference LNA 

In order to compare our prototype LNA to our reference LNA, we simulated the 

reference LNA using the same S-Parameters simulations as the prototype LNA. Figure 8 below 

shows circuit schematic was acquired from the datasheet for the Texas Instruments HMC639. 

 

Figure 8: HMC639 Circuit Schematic 

 

After the circuit schematic of the HMC639 was simulated, it was found out that the 

reference LNA massively underperforms at 297.4MHz with a gain of only 11.122 dB. Figure 9 

shows the gain vs frequency graph for the Texas Instruments HMC639. 
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Figure 9: HMC639 Gain vs Frequency. 

5.2 Reference vs Prototype 

In this section, we will be comparing our prototype LNA with the reference LNA. The 

comparison will look at both gain and noise figure. 

5.2.1 Gain Comparison 

When simulated at approximately 300MHz, the prototype LNA reached a gain of 29.619 

dB, while the reference LNA only achieves a gain of 11.122 dB. Our prototype LNA achieves 

such a high gain at 300MHz because it is designed for an extremely narrow bandwidth and is 

considered unconditionally stable by a very thin margin, across a much narrower bandwidth than 

our reference LNA. This means that if a different MRI operating at a frequency even slightly 

offset from our 298 MHz target attempts to make use of our amplifier design, the device will 

perform far worse than the reference LNA, and may not be stable at all. 

 

5.2.2 Noise Figure Comparison 

When simulated at approximately 300MHz, our prototype LNA has a noise figure of 

0.451 dB. When looking at the datasheet, the reference LNA has a noise figure of approximately 
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3dB at 300MHz. We used the datasheet noise figure for the reference LNA because the ADS 

models that the manufacturer provided did not include the necessary information to perform 

noise simulations. The prototype achieves its low noise figure by minimizing the frequency 

range within which the device is expected to operate, in contrast to our reference LNA, which is 

designed to operate across a much broader frequency range, necessitating an increase in 

minimum noise figure. 
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6.0 Discussion 

Due to various circumstances, most notably the delays caused by COVID-19, the entire 

timeline of the project was stretched, which meant that the scope of the project was significantly 

reduced from initial plans, and, ultimately, delays in the assembly of components required to 

construct our prototype meant that physical testing could not be completed within the timeframe 

of the project. However, the excellent performance of our simulated designs achieved our main 

objective of developing an amplifier to meet our specific performance goals. 

 

6.1 Continuing Research 

 

 Although the project is completed, there are many avenues of research that would be 

beneficial if pursued. Key among these is completion of the physical prototype, and evaluating 

its performance under laboratory conditions.  

 The results of such laboratory testing would greatly aid in the development of a second 

prototype amplifier, constructed from non-magnetic components, and designed for use in a real-

world MRI system. This field testing would go beyond the simple noise and gain objectives 

established for this project, and would help evaluate whether the prototype amplifier developed 

in this project actually resulted in increased effectiveness of an MRI, be it in image quality, 

scanning speed, or other areas. 
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Appendix A: Datasheets of pre-existing LNAs 
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Appendix B: Information on Northeastern MRI 

7T MRI at Northeastern: 

A multipurpose research system for high-resolution magnetic resonance spectroscopy and 

imaging. The Bruker BioSpec 70/20 MRI is a multipurpose research system for high-resolution 

Magnetic Resonance Spectroscopy and Imaging. The system is equipped with 7 Tesla 

superconducting magnets designed with “Ultra Shielded Refrigerated” (USR) magnet 

technology. The USR technology significantly reduces the stray field to close to the magnet. The 

scanner has an actively shielded, high-performance BGA-S series gradient system with 

integrated shim coil. Superior performance on the following major characteristics can thus be 

achieved: Ultra high gradient strength, Very short gradient slew rates, Excellent gradient duty 

cycle (independent of shims and gradients), Optimal gradient linearity, Very high gradient 

shielding quality, Maximal shim strength. 

 

Source: https://web.northeastern.edu/ctni/mri-scanner/ 
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Appendix C: Amplifier Measurement Techniques.  
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