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Abstract 

 

In this project we will manage to design and build a Low-Noise Amplifier (LNA) in discrete format 

that will operate around 125MHz. The purpose of a LNA is to amplify a very low-power signal without 

adding too much noise to the surrounding frequencies, in other words, to avoid degrading its signal-to-

noise ratio (SNR). To achieve this, we will use a junction field effect transistor (JFET) as the core device 

instead of the popular bipolar junction transistor (BJT). In comparison with BJTs, JFETs have a much 

lower sensitivity to changes in the applied signal, are more temperature stable, are usually smaller and 

are relatively less noisy because of its internal structure. 

For the design process, we will start proposing some schematic drafts based on theoretical concepts, 

then putting them together into a single schematic and simulating it with the software LTSpice. Input 

and output biasing and matching are an important part of the design. We will carefully select appropriate 

real components with its spice models, which will later be ordered from our preferred components 

provider. 

Once design and simulation is done, we will proceed to build our system physically into a stripboard 

dealing with all the unexpected factors that exist in the real world, such as parasitic capacitances and 

inductances, component tolerances, RF interferences, device limitations and other kind of 

inconveniences that will pop up during the job. Taking them into account and making some necessary 

adjustments to the initial design, and with the help of an oscilloscope and a vector network analyser 

(VNA), we will try to test the system and compare its performance with the previous simulation outputs. 
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1. Introduction 

Mobile phones, GPS receivers, hospital instrumentation, satellite communication systems, high 

fidelity audio players, wireless data transfers… all of them have something in common. All of them can 

be found everyday dealing with signals, interferences, noise… What makes them so good at fighting 

against signal obfuscation? They make use of a system which is called Low-Noise Amplifier (LNA). 

The purpose of a LNA is to amplify a very low-power signal without adding too much noise to the 

surrounding frequencies, in other words, to avoid degrading its signal-to-noise ratio (SNR).  

The aim of this project is the design and build of a Low-Noise Amplifier in discrete format that will 

operate around 125MHz. It will have a low input impedance and a 50Ω output impedance. Other 

parameters as gain or noise figure will need to be optimized during the design process in order to get 

the best performance available. The core of the system will consist of a FET transconductance stage 

followed by a bipolar current buffer. It is expected to be built physically into a stripboard to be tested 

and compared with the simulation outputs.  

2. Background 

2.1. RF Noise 

“Without noise, an RF receiver would be able to detect arbitrarily small inputs, allowing the 

communication across arbitrarily long distances.” (Razavi, 2011) 

Noise is, in RF terms, any undesired signal contributing to the deterioration of the response at the 

output of a system. Noise can be originated externally, for example by atmospheric phenomenon, 

temperature variations or interferences; or internally, by wires, connectors, antennas or active 

amplifiers; and it is random. By random we mean that its instantaneous value cannot be predicted. 

For example, in a resistor connected to a battery and drawing a current, each electron experiences 

thermal agitation due to ambient temperature, making it follow a random path while, on the average, 

moving toward the opposite terminal of the battery. As a result, the average current remains constant 

despite of the instantaneous current shows random values. In this example, thermal noise is produced 

by thermal agitation. Thermal noise appears on any device presenting a determined resistivity and 

held at any temperature different from 0K. 

2.2. Noise Temperature 

“The noise temperature is a means for specifying noise in terms of an equivalent temperature. The 

equivalent noise temperature 𝑇𝑒 is not the physical temperature of the system, but rather a theoretical 

construct that is an equivalent temperature that produces that amount of noise power.” (Carr & 

Brown, 2001) 
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Noise Temperature is a way of expressing an amount of noise power introduced by a component 

or a source. Its spectral density is expressed in terms of the temperature (in Kelvins) that would 

produce that level of noise as follows: 

𝑃 = 𝑘𝐵𝑇𝐵 

Eq 1. Noise Power Spectral Density 

Where: 

• 𝑷 is the power (in W) 

• 𝒌𝑩 is the Boltzmann constant (1.38𝑥10−23 J/K) 

• 𝑻 is the Noise Temperature (in K)  

• 𝑩 is the bandwidth (in Hz) 

2.3. Noise Factor and Noise Figure 

“For components such as resistors, the noise factor is the ratio of the noise produced by a real 

resistor to the simple thermal noise of an ideal resistor.” (Carr & Brown, 2001) 

The noise factor 𝐹𝑛 of a system is the ratio of output noise power 𝑃𝑛𝑜 to input noise power 𝑃𝑛𝑖. 

The noise factor is always measured at the standard temperature (𝑇0) 290K: 

𝐹𝑛 =
𝑃𝑛𝑜

𝑃𝑛𝑖
|

𝑇=290𝐾

 

Eq 2. Noise Factor of a system 

The Noise Figure is the noise factor expressed in decibels: 

𝑁𝐹 = 10𝑙𝑜𝑔(𝐹𝑛) 

Eq 3. Noise Figure 

Where: 

• 𝑵𝑭 is the Noise Figure (in dB) 

• 𝑭𝒏 is the Noise Factor 

2.4. Low Noise Amplifiers 

An RF amplifier is an active network that increases the level of low power signals. Unfortunately, 

amplifiers add distortion and noise to the original signal. The purpose of a Low Noise Amplifier 

(LNA) is to boost the signal without adding too much noise to the surrounding frequencies, in other 

words, to avoid degrading its signal-to-noise ratio (SNR). LNAs play a critical role in the overall 
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performance of a design: by placing a LNA close to the signal source, the noise created by the device 

itself is injected directly into the received signal, while the signal gain created by the LNA reduces 

the effect of noise from posterior stages of the receive chain in the system. 

“The noise figure is a frequently used measure of an amplifier’s goodness. Thus it is a figure of 

merit.” (Carr & Brown, 2001) 

A good LNA has a low NF and enough gain to amplify the signal. A typical LNA may supply a 

power gain between 20 and 30 dB while decreasing the SNR of the signal less than 2-3dB. 

3. Description of the project 

In this project we will manage to design, build and measure a Low-Noise Amplifier in discrete 

format that will operate around 125MHz. It will have a low input impedance and a 50Ω output 

impedance. Other parameters as gain or noise figure will need to be optimized during the design process 

in order to get the best performance available. The core of the device will consist of a FET 

transconductance stage followed by a bipolar current buffer. The signal source will have an output 

impedance of 50Ω and provide a 1-3mV amplitude signal at 125MHz. The AC load will be 50Ω and 

will provide the power supply for the system as well. Input and output biasing and matching are an 

important part of the design. 

The design will be firstly introduced and simulated into the software LTSpice. Once design and 

simulation is done, we will proceed to build our system physically and make the necessary adjustments 

to test and measure it properly. Results will be compared with the simulation outputs. 

However, the department of Electrical and Electronic Engineering has no useful method of 

measuring amplifiers of very low-noise figure. Therefore, an experimental method will be designed 

based on the “hot-cold resistor” technique. 

4. Objectives 

 Propose some schematic drafts based on theoretical concepts for different parts of the design. 

 Select appropriate components and simulate the system with its spice models. 

 Physically build the designed system using real components and make the necessary 

adjustments until it works properly. 

 Learn about the experimental noise figure measurement and propose a method to test the 

designed device. 
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5. Design 

5.1. Transconductance Stage 

In a transconductance amplifier, a voltage difference between two inputs creates a current at the 

output. The FET transistor, unlike the bipolar junction transistor (BJT) in which the current flows 

through the base creating an output current at the collector, is a voltage-controlled device. This means 

that the drain current will be a function of the voltage between the gate and the source. 

For a FET, transconductance is the ratio of the change in drain current 𝐼𝐷 to the change in gate-

source voltage 𝑉𝐺𝑆 over a defined interval on the 𝐼𝐷vs 𝑉𝐺𝑆 curve: 

Fig 1. 𝐼𝐷 vs 𝑉𝐺𝑆 curve Fig 2. Transconductance vs 𝑉𝐺𝑆 curve 

The figures above correspond to the transfer characteristics curves of a FET device.  

In the design of our LNA we will make use of a Junction Field Effect Transistor (JFET). In 

JFETs the isolation between gate and channel is a reverse biased PN junction instead of using a 

layer of metal oxide. Because of this, JFETs are depletion only devices, which means that the 

device is normally ON at zero gate–source voltage. Nevertheless, when 𝑉𝐺𝑆 reverse-biases the PN 

junction, the flow between source and drain connections becomes limited. Maximum 𝑉𝐺𝑆 stops 

all current through source and drain, thus forcing the JFET into cut-off mode. This explains why 

the forward transconductance 𝑔𝑓𝑠 is higher when the gate–source voltage is closer to zero in 

Figure 1 and Figure 2. 

The point for using a JFET is that they are better than any other technology in making low-

noise high-impedance amplifiers. “What makes JFETs good for noise at low frequencies is the 

fact that they are buried devices. The transistor junction that does the work is not up against the 

surface of the die. This means that the junction is not subject to the impurities, defects, and 

contamination of the surface.” (Rako, 2010) 
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One of the most important features of a JFET is its high input impedance, which lays typically 

from 1MΩ to several hundred megaohms. In comparison with BJT transistors, they have a much 

lower sensitivity to changes in the applied signal and are more temperature stable. (Boylestad & 

Nashelsky, 2012, p. 379) 

Another important parameter is threshold voltage 𝑉𝑇, which is the gate–source voltage 

required in order to induce a channel between source and drain; increasing 𝑉𝐺𝑆 further enhances 

this channel. There are three distinct regions of operation when using a FET: 

 Linear region: where 𝑉𝐷𝑆 ≪ 𝑉𝐺𝑆 − 𝑉𝑇 

 Triode region: where ~𝑉𝑇/10 < 𝑉𝐷𝑆 < 𝑉𝐺𝑆 − 𝑉𝑇 

 Saturation region: where 𝑉𝐷𝑆 > 𝑉𝐺𝑆 − 𝑉𝑇 

When employed as an analogue amplifier, it is used in the saturation region. In this mode, as 

a first order approximation, 𝐼𝐷 is considered independent of 𝑉𝐷𝑆. 

5.1.1. JFET biasing 

The selected device for this project will be the JFET MMBF4416, with has an operative 

range over 1GHz and claims to have a very good Noise Figure of 2dB at100MHz and, at least, 

20dB of power gain. For further information about it, please refer to the datasheet attached to 

the appendices at the end of the document. 

The device will operate in common source configuration, where the source terminal is tied 

to ground and the input signal is applied to the gate, thus varying the 𝑉𝐺𝑆 parameter. As seen 

before, this causes a change in drain current 𝐼𝐷 proportional to the transconductance ratio. In 

order to make this possible, we need to keep 𝑉𝐺𝑆 as a negative voltage to reverse-bias the PN 

junction, so we will place a resistor between source and ground. This is called self-bias 

configuration. 

 

Fig 3. DC analysis of the self-bias configuration 
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The value of the resistor 𝑅𝑆 needs to be as low as possible since we want to keep 𝑉𝐺𝑆 close 

to zero in order to provide a better transconductance (see Figure 2). There is a reason why we 

can’t just give this resistor a fixed value, and it is because depending on the amplitude of the 

input signal we need a greater 𝑉𝐺𝑆. We have selected a 25Ω variable resistor so when 𝐼𝐷 

becomes maximum (about 10mA referring to datasheet), the value of 𝑉𝐺𝑆 reaches -0.25V, 

which should be enough. 

The source of the JFET needs to be grounded for the signal path, so a capacitor 𝐶𝑆 will be 

tied in parallel to 𝑅𝑆. It will also help us against noise: as explained previously, thermal noise 

appears on any device presenting a determined resistivity and held at any temperature different 

from 0K (𝑅𝑆), which means that the capacitor 𝐶𝑆 will also keep that noise from being added to 

the output signal. Since the value of this component is not critical at all, we will choose, for 

example, a 100nF capacitor for this purpose. 

Gate terminal also needs to be grounded for biasing, but this will be discussed in the next 

section: input matching. 

5.1.2. Input matching 

Our amplifier must provide a low input impedance which lays, by definition, around 

1 to 4 Ω. However, since the JFET is a voltage controlled device its gate has a very high input 

impedance. To solve this, we will place an L matching network which is, basically, an LC 

resonator tuned at the working frequency of the system. This method is widely used in the 

design of tuned amplifiers since its response resembles that of a band-pass filter, which stops 

bands on either side of the central frequency. 

We also want to keep our gate grounded in DC terms for biasing, so the schematic to be 

implemented is the high-pass L matching network shown in the figure below: 

 

Fig 4. LC resonator for input matching 

This allows the input signal to pass through the capacitor C and reach the gate while it 

remains DC biased to ground with the help of the inductor L. 

Let’s calculate the input impedance of the proposed matching network, assuming the JFET 

gate impedance to be very high (open circuit): 
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𝑍𝐼𝑁 = 𝑍𝐶 + 𝑍𝐿 =
1

𝑗2𝜋𝑓0𝐶
+ 𝑗2𝜋𝑓0𝐿 

Eq 4. Input impedance of the L network 

To get a low input impedance we need to assume 𝑍𝐼𝑁 = 0. Being 𝑓0 the central frequency 

of the amplifier, we obtain the following expression which gives us pairs of values for both 

capacitor and inductor that will be resonant at 𝑓0. 

𝑓0 =
1

2𝜋√𝐿𝐶
 

Eq 5. Resonant frequency of the L network 

Now we need to choose them keeping in mind the availability in our components provider 

and the frequency range we are working on (nH and pF). In order to be able to tune our amplifier 

properly, the inductor will be a fixed value and the capacitor an adjustable one. Selecting the 

inductance to be 120nH, we proceed to calculate the capacitance using the previous equation 

which results as follows: 

𝐶 =
1

(2𝜋√120𝑛𝐻 · 125𝑀𝐻𝑧)2
= 13.51𝑝𝐹 

So by now the chosen component will be a 22pF variable capacitor. Later we will need to 

tune it to the correct frequency while building the system. With this, the input matching is done. 

This is what we got so far: 

 

Fig 5. Complete schematic of the transconductance stage 

Where the input matching plays three key roles: 

 To band-pass the input signal. 

 To provide a very low input impedance to the LNA. 

 To keep the device biased. 
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5.2. Current Buffer 

This section will cover up the design of the BJT current buffer and its corresponding output 

matching towards the load. A buffer is a system that provides impedance transformation from one 

circuit to another, leaving the signal unchanged. This can be modelled as a unity gain amplifier or, 

in this case, a current follower. 

The schematic shown previously in Figure 5 provides a current 𝐼𝐷 which carries the amplified 

input signal through the JFET drain, so that stage is the one which provides a transconductance gain 

to the signal. Then it will go through the current buffer, whose purpose is to drive the power to the 

output load. 

We will make use of a bipolar transistor in order to achieve it. The BJT working principle can be 

summarised into this: when a current 𝐼𝐵 is driven into the base terminal, the device allows the current 

flow between collector and emitter. To be able to draw current through the base terminal, it is 

necessary to apply a minimum base-emitter voltage 𝑉𝐵𝐸 which is usually around 0.7V. 

 

Fig 6. Currents diagram of a BJT 

5.2.1. BJT biasing 

The chosen device is the BJT BC547B, which is designed to operate up to 300MHz. Its 

datasheet can be found in the appendices at the end of the document. 

The device will operate in common base configuration. This means that the signal will go 

through emitter and collector while referenced to the base, which will need to be grounded for 

the AC path. To ensure the current to flow, we need to constantly keep the device in active 

mode, so the 𝑉𝐵𝐸 voltage won’t go below 0.7V. We also need to take into account that the 

voltage at the emitter 𝑉𝐸 will be feeding the JFET stage, so it is important to not to drop it too 

much. 

They key here is a resistive voltage divider between collector, base and ground. It will 

provide the necessary DC references for a correct biasing. It is shown in the figure below: 



Front-end Low Noise Amplifier. Design and Build Héctor M. Pellicer Grau 

Page 9 of 35 

 

Fig 7. BJT biasing schematic 

To choose appropriate values for the resistors 𝑅1 and 𝑅2, we will consider the following 

statements: 

 𝑉𝐶 = 𝑉𝐷𝐷 

 𝑉𝐵𝐸 around 0.7V 

 𝑉𝐸 as high as possible. 

Then if we want 𝑉𝐸 = 𝑉𝐷𝐷 − 0.7V, 𝑉𝐵 needs to be close to 𝑉𝐷𝐷, so 𝑅2>>𝑅1. 

Here we have an extract from the device datasheet: 

 

Fig 8. 𝐼𝐵 and 𝐼𝐶 curve from datasheet 

Previously we stated that the maximum amount of current provided by the JFET would be 

around 10mA. Looking at the Figure 8 above, for that 𝐼𝐶 the base current should be less than 

50µA. For efficiency purposes, we don’t need to draw much more current through the 𝑅1 + 𝑅2 

divider, because it will be dissipated anyway. This means than the optimum value of both 𝑅1 +

𝑅2 will be around 500KΩ. The selected resistor values are then 10KΩ for 𝑅1 470KΩ for 𝑅2. 
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Finally, in order to get the BJT base grounded for the signal path and to avoid adding thermal 

noise to the output signal, we need to bypass 𝑅2 with a capacitor 𝐶𝑏 just like we did with 𝑅𝑆 in 

the JFET. Since the value of this component is not critical at all, we will choose the same value 

as before so it will be a 100nF capacitor. So far, here it is the complete schematic designed in 

this section: 

 

Fig 9. Complete BJT current buffer schematic 

5.2.2. Output matching 

Impedance matching is the technique of maximising the power transfer between a source and 

its load, or minimising the signal reflection from the load. To achieve this, we need to “match” 

both source and load impedances. Consider the example circuit below with a voltage generator, 

source and load impedances: 

 

Fig 10. Example circuit 

The power transfer expression from the source 𝑉𝑆 to the load  𝑅𝐿 is: 

𝑃 = 𝑉𝑆 ·
𝑅𝐿

𝑅𝑆 + 𝑅𝐿
 

Eq 6. Power transfer to 𝑅𝐿 

And its graph: 
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Fig 11. Graph of the power transfer expression 

As we can see, the match occurs when both source and load impedances are equal. However, 

this is slightly different when dealing with AC signals. In that case they need to be the complex 

conjugate each other, this is, having the same real part but with an opposite reactance. To match 

complex impedances, we make use of matching circuits (or matching networks) which usually 

consist of capacitors and inductances. 

To start with the matching, we first need to find out what the output impedance of our current 

buffer is. We will employ the LTSpice simulator for this purpose: 

 

Fig 12. Measuring output impedance. Schematic 

 

Fig 13. Measuring output impedance. Graph 
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The software gives us an output impedance of 28.57 – 455.39j Ω at 125MHz. 

Now we need to match it with a pure resistive 50Ω AC load. This could have been done by 

hand either using equations or a Smith Chart, but it is easier to use a tool to calculate it 

automatically. (EEWeb Pi-Match Online Calculator, 2017) 

We select a PI network that does not block DC and has a Q factor around 5-10. The 

application gives us back the following matching network: 

 

Fig 14. Output PI matching network 

The Q factor is 6.9 

The values of the capacitors will be: 𝐶𝑂1 = 12pF and 𝐶𝑂2 = 150pF  + 60pF variable capacitor. 

The inductance 𝐿𝑂 will be 120nH. 

We proceed now to check the designed matching network using the LTSpice simulator again. 

The results are: 

 Input impedance of the matching network: 28.49 + 454.06j Ω 

 Output impedance of the matching network: 48.97 + 3.67j Ω 

So we can conclude that the matching network will work properly. 

5.3. Signal source and AC load 

To facilitate the measurement of the system, we also need to design some complements that will 

work together with the LNA in the physical build. 

Firstly, we need to build a signal source to feed the circuit. Our solution is to use a 125MHz 

packaged active crystal oscillator (SG-8003) followed by an operational amplifier (TSV622) with 

unity gain. Their datasheets are attached to the appendices at the end of the document. 

The oscillator itself generates a 400mVpp 125MHz wave with a DC offset. We will high-pass 

filter this signal to remove the continuous component and attenuate its amplitude. Then it will be tied 

to a voltage-follower operational amplifier with 50Ω output impedance: 



Front-end Low Noise Amplifier. Design and Build Héctor M. Pellicer Grau 

Page 13 of 35 

 

Fig 15. Oscillator, filter and voltage follower placed together 

To design the filter, let’s have a look at its response: 

𝑣𝑜 = 𝑣𝑖

𝑅

𝑅 + 𝑍𝐶
 

Eq 7. Filter response 

We set 𝑣𝑖 = 200mVp and  𝑣0 = 1mVp and proceed to calculate RC: 

𝑅𝐶 =
𝑣𝑜

(𝑣𝑖 − 𝑣𝑜)2𝜋𝑓
= 6.4𝑥10−12 

So we can select a 5pF variable capacitor and a 2.2Ω fixed value resistor. This way we would be 

able to adjust the signal amplitude just by tuning C. 

In order to power both devices, oscillator and operational amplifier, we have placed a 3.3V voltage 

regulator (UA78M33C) from the 15V power supply. 

Secondly, an AC load also need to be designed. In a real application the output transmission line 

will provide the 50Ω load while powering the amplifier. To model this, we have proposed the 

schematic shown in the figure below: 

 

Fig 16. AC Load and Power Supply through the same line 

The inductor L blocks the AC signal to pass through the power supply, while the capacitor C 

blocks the DC component to go through the 50Ω load. These two components will need to be 

carefully selected to cancel the total reactance of the load at the working frequency. The load 

impedance in AC terms is: 
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𝑍𝐿𝑂𝐴𝐷 = (𝑍𝐶 + 50) // 𝑍𝐿 =
(

1
𝑗2𝜋𝑓𝐶

+ 50) 𝑗2𝜋𝑓𝐿

(
1

𝑗2𝜋𝑓𝐶
+ 50) + 𝑗2𝜋𝑓𝐿

= 50Ω 

Eq 8. Impedance of the load in AC terms 

By fixing frequency 𝑓 = 125𝑀𝐻𝑧 and choosing the inductor 𝑳 = 𝟓𝟎𝟎𝒏𝑯, we can calculate the 

capacitor which results to be 𝐶 = 196.7𝑝𝐹. We will place a 150pF + 60pF variable capacitor so it 

can be adjusted later with the help of a VNA. 

With this, all the design process is done. 

6. Simulation results 

In this section we will use the simulation software LTSpice to test all the designed schematics. 

6.1. Input matching 

We adjusted the capacitor in the LC resonator until the input impedance was minimum at 

125MHz. This are the results: 

 

Fig 17. Input matching schematic 

 

Fig 18. LNA input impedance 

As we can see in the Figure 18 above, the input impedance is minimum at the working frequency. 

The input matching is working properly. 
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6.2. Transconductance stage 

We proceed to add a signal source as the input signal. It generates a 1mV 125MHz wave. Then 

we measure 𝑉𝐺𝑆 and 𝐼𝐷 in the time domain to adjust the 𝑅𝑆 resistor at the source of the JFET, which 

controls the gate-source voltage. We establish that 0.5Ω seems to be a proper value, since it keeps 

𝑉𝐺𝑆 around -6.5mV on average and gives us a drain current 𝐼𝐷 of 13.3mA. 

 

Fig 19. Schematic of the JFET transconductance stage 

 

 

Fig 20. 𝑉𝐺𝑆 and 𝐼𝐷 after adjusting 𝑅𝑆 

To check if it is working on normal conditions, it is possible to measure the admittance of the 

device. To do it, we proceed as follows: 

𝑌𝑓𝑠 =
1

𝑔𝑓𝑠
=

(13.338 − 13.312) 𝑚𝐴

(8.616 − 4.71) 𝑚𝑉
= 𝟔𝟔𝟓𝟔µ𝒎𝒉𝒐𝒔 

Looking at the datasheet, we can verify that the Forward Transfer Admittance |𝑌𝑓𝑠| range of the 

device goes from 4500 to 7500 µmhos, which means that the simulation is working fine and the 

JFET is properly biased. 
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6.3. Current buffer 

Checking the performance of the current buffer will be easier. We will measure both input and 

output currents to confirm that they are pretty identical: 

 

Fig 21. Input (blue) and output (red) currents 

Since the emitter current 𝐼𝐸 carries both collector 𝐼𝐶 and base 𝐼𝐵 current, it is slightly greater. The 

difference is measured to be 50.5µA. 

𝐼𝐸 = 𝐼𝐶 + 𝐼𝐵 

Eq 9. Current balance on a BJT 

To check that the device is working nice, we can get the β (or ℎ𝑓𝑒) parameter of the BJT which 

is, by definition, the relationship between collector and base currents: 

𝛽 =
𝐼𝐶

𝐼𝐵
=

13.275𝑚𝐴

50.5𝜇𝐴
≅ 260 

According to the device’s datasheet, ℎ𝑓𝑒 range spans from 200 to 450. We conclude that the 

biasing is working properly. 
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6.4. Output matching 

This is one of the most important parts of the design. A good matching ensures that the amplifier 

can deliver all its power to the load. For the simulation, we will place the matching network and the 

designed AC load just at the output of the current buffer. Then we will perform an AC analysis to 

check if both, input and output currents, are maximums at the working frequency. 

Here it is the complete design to be put under test. Note that a null voltage source has been placed 

to measure the output current: 

 

Fig 22. Complete schematic to be tested 

And the results: 

 

Fig 23. AC analysis of the output matching 

After slightly adjusting the capacitor 𝐶𝑂2, we were able to tune the PI network to provide 

maximum power transfer at 125MHz. Despite the fact that there is a current loss of 1.5dB, the output 

matching proves to be working properly. 

Since the whole system is working fine together, we can proceed now with power gain and noise 

figure analysis. 
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6.5. Power gain 

To estimate the power gain of the system we need to calculate the power level of input and output 

signals. Firstly, we perform an transient analysis plotting voltage times current for both signals: 

 

Fig 24. Input signal instantaneous power is 1nW 

 

Fig 25. Output signal instantaneous power is 155nW 

Now we proceed to calculate the total power gain 𝐺𝑇 in decibel notation: 

𝐺𝑇 = 10 · 𝑙𝑜𝑔 (
𝑃𝑂𝑈𝑇

𝑃𝐼𝑁
) = 10 · 𝑙𝑜𝑔 (

155 𝑛𝑊

1 𝑛𝑊
) = 21.9 𝑑𝐵 

 

The system introduces a power gain of 21.9 dB, which is within the range it was expected to be. 
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6.6. Noise Figure 

The simulator LTSpice also allows to perform a noise analysis of the system. We select the input 

voltage source as the noise reference, and the output voltage node as the point to analyse. The results 

thrown by the simulator are discussed below:  

 

Fig 26. Noise analysis output 

The first thing to take into account is the format of the results. They are shown as noise spectral 

density (�̃�). It shows that at 125MHz we got a noise spectral density of 9.9nV/√Hz. To convert this 

into noise power we need to know the bandwidth of our signal. 

For example, MRI applications use a typical bandwidth of 50KHz. We will consider that one 

for this example. (Graessner, 2013) 

𝑣𝑅𝑀𝑆 = �̃� · √𝐵 = 9.9𝑥10−9 · √50000 = 2.2µ𝑉𝑅𝑀𝑆 

 

The estimated introduced voltage noise level is 𝟐. 𝟐µ𝑽𝑹𝑴𝑺. 
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7. Build 

7.1. Choosing the right components 

In order to get the components on time, the selected providers have been Farnell and RS. One of 

the most challenging things when trying to build a RF design out of a simulator, is to fight against 

every unexpected factor that exist in the real world, such as parasitic capacitances and inductances, 

component tolerances, interferences, device limitations and other kind of inconveniences that will 

pop up during the job. In order to save time and avoid some problems we have taken into account 

some considerations when ordering components: 

 Capacitors: we will choose the ceramic or plastic film ones. Electrolytic capacitors won’t 

work for us at this frequency range due to its internal structure. 

 Inductors: air-core coils preferred. Otherwise, we will need to have a look at its 

datasheet. The main reason is the self-resonance frequency (SRF), which can convert the 

inductor into a capacitor at higher frequencies. 

 Resistors: avoid the wire-wound resistors. They can behave in an unusual way when used 

for RF purposes. If an uncommon resistor value is required (e.g. 50Ω), we can group 

some standard resistors to create that value (e.g. 2x100Ω in parallel), and what’s more, it 

will reduce the conjunct tolerance. 

 SMD components: not really practical for prototyping by hand, avoid if possible. 

 Core devices: purchase several of them, they are the most important components of the 

project. 

 Always have spare components. 

 

With all of this in mind, we can now start to build the LNA. 

7.2. Signal generator 

This auxiliary circuit has been built and soldered into a stripboard. The most challenging parts to 

solder have been the SMD components like the oscillator, which has been placed to the back of the 

board, and the operational amplifier, whose short leads made it tricky. 

One of the considerations taken into account while building this circuit has been the 50Ω load, 

which has been placed into a socket to allow futures manipulations or replacements. It consists of 

two 100Ω 1% resistors. 
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Fig 27. 125MHz signal generator finished 

  

Fig 28. Generated signal 

It works and provides a very clean 125MHz signal of 4mVpp amplitude, which can be adjusted 

with a variable capacitor. 

 

Fig 29. Signal generator output impedance 

However, its output impedance is not good enough. It seems that there is some kind of parasitic 

capacitance which agregates -95jΩ to the original 50Ω. 



Front-end Low Noise Amplifier. Design and Build Héctor M. Pellicer Grau 

Page 22 of 35 

7.3. AC load 

The AC load has been built on a stripboard as well. This are the results: 

  

Fig 30. AC load built on a stripboard 

Note that: a couple of 100Ω 1% resistors have been used to replace the 50Ω resistor in schematic. 

 

Fig 31. AC load input impedance 

We measured its input impedance with the help of a VNA, and the result was quite close:  

𝒁𝑳 = 𝟓𝟏. 𝟑 + 𝟒. 𝟐𝒋 Ω 

This measurement will be written down just in case there is any need to modify the output 

matching of the LNA. 

7.4. LNA prototype 

Before starting with the build and adjustment process, here is an extra advice: all the connections 

must be as close as possible each other, avoiding long wire pieces, bridges, big solder joints… 

specially on the output matching. Otherwise, there might appear parasitic inductors, capacitors or 

even antennas that will introduce changes to the circuit, ruining all the previous designs and 



Front-end Low Noise Amplifier. Design and Build Héctor M. Pellicer Grau 

Page 23 of 35 

simulations. A better way to do this would be with the design of a printed circuit board (PCB), but it 

is not considered to be worth on a first prototype by now. 

Here is a general view of the final result: 

 

Fig 32. LNA prototype: top 

 

Fig 33. LNA prototype: bottom 

As seen in the pictures, the JFET device has been soldered to the back since it uses SMT. 

First of all, we need to adjust the input matching resonator. With the help of a VNA the capacitor 

𝐶𝐺 is tuned until the input impedance becomes minimum at 125MHz. Here is the result once it’s 

done: 

 

Fig 34. Input impedance magnitude 
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Fig 35. Input impedance Smith chart 

The measured input impedance is 1.6 – 0.1j Ω. As expected, it is a very low impedance. 

The next step will be to adjust the resistor 𝑅𝑆 to set the biasing of 𝑉𝐺𝑆. It will end up being -2mV. 

At its maximum, 𝑅𝑆 = 25Ω, drops a voltage of 200mV, which means that the current 𝐼𝐷 of the 

JFET is 8mA. It was expected to be slightly higher, from 10 to 13mA. 

 

Fig 36. Adjusted 𝑉𝐺𝑆 = -2mV 

The next step is to check the current buffer. We find that the DC voltages are right, so it should 

be working fine. 
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Before soldering the output matching network, it is a good idea to measure the output impedance 

of the device, to check that everything is correct. Unfortunately, something has changed: 

 

Fig 37. Output impedance of the current buffer 

The measured impedance turns out to be 10.5 – 178.5j Ω instead of the 28.57 – 455.39j Ω calculated 

by the software simulator. To solve this, we just need to design a new matching network with this new 

impedance and the one that we wrote down when we built the AC load. We will try to use a lower Q to 

make it easier to adjust. (EEWeb Pi-Match Online Calculator, 2017) 

The new components are: 

𝑪𝑶𝟏 = 𝟖. 𝟐𝒑𝑭  𝑳𝑶 = 𝟏𝟐𝟎𝒏𝑯   𝑪𝑶𝟏 = 𝟏𝟏𝟕𝒑𝑭 

To make it even easier, both capacitors will be adjustable. 

When the new matching network is completely built and adjusted, we proceed to measure the LNA 

output impedance: 

 

Fig 38. LNA output impedance: magnitude 
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Fig 39. LNA output impedance: Smith chart 

The result seems to be positive. The LNA output impedance is 50.4 – 0.2j Ω 

Here is a general overview of the whole design with both, schematics and physical LNA: 

Fig 40. Final complete schematic for the LNA 

 

Fig 41. Finished build of the physical project 

Unfortunately, despite all the measurements seem to be correct, the built device does not work 

properly. It refuses to provide any gain further than 2-3dB. But this will be discussed in detail in the 

next section. 
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8. Conclusions 

Despite the fact that the built system refused to work, even after several modifications, I would 

qualify the overall results as a complete success based on the limitations that were imposed by this kind 

of project. 

On the one hand, the simulation has shown to be working without any problems according to all the 

theoretical concepts and calculations. Because of that, the design seems to be valid. 

On the other hand, several parts of the physical system have also proved to work accordingly to the 

simulations, except of the core devices. However, the process of building, testing, failing, walking 

around the problems, modifying, finding solutions, learning to use new equipment… all these have 

taught me more than if the project had been a complete success. 

Because of that, in the next section I will propose some future work, just in case I have the 

opportunity of resume this project and take it further. 

9. Future work 

There will be several aspects of the project that will be marked as a future work. The first of them is 

to find out why the built system is not working properly. Maybe it is a soldering failure of an impedance 

mismatch, but it needs to be revised. 

Another modification that can be done is to design a printed circuit board to build the prototype. It 

would avoid the apparition of parasitical components such capacitances or inductances, making it much 

easier to success, and also easier to measure the performance accurately. 

A last future work would be to design and build an experimental method of measuring an amplifier 

of very low noise figure based on the “hot-cold load” technique. It is not a difficult method but it requires 

preparation and understanding about the process. 
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11. Appendices 

11.1. Datasheets 

11.1.1. JFET: MMBF4416 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain–Source Voltage VDS 30 Vdc 

Drain–Gate Voltage VDG 30 Vdc 

Gate–Source Voltage VGS 30 Vdc 

Gate Current IG 10 mAdc 

 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR– 5 Board(1) PD 225 mW 

TA = 25C   
Derate above 25C 1.8 mW/C 

Thermal Resistance, Junction to Ambient R JA 556 C/W 

Junction and Storage Temperature TJ, Tstg – 55 to +150 C 

 

ELECTRICAL CHARACTERISTICS (TA = 25C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate–Source Breakdown Voltage 

(IG = 1.0 Adc, VDS = 0) 

V(BR)GSS 30 — Vdc 

Gate Reverse Current 

(VGS = 20 Vdc, VDS = 0)  

(VGS = 20 Vdc, VDS = 0, TA = 150C) 

IGSS  
— 

— 

 
1.0 

200 

nAdc 

Gate Source Cutoff Voltage 

(ID = 1.0 nAdc, VDS = 15 Vdc) 

VGS(off) — – 6.0 Vdc 

Gate Source Voltage 

(ID = 0.5 mAdc, VDS = 15 Vdc) 

VGS – 1.0 – 5.5 Vdc 

ON CHARACTERISTICS 

Zero–Gate–Voltage Drain Current 

(VGS = 15 Vdc, VGS = 0) 

IDSS 5.0 15 mAdc 

Gate–Source Forward Voltage 

(IG = 1.0 mAdc, VDS = 0) 

VGS(f) — 1.0 Vdc 

 

SMALL– SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 

(VDS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

|Yfs| 4500 7500 mhos 

Output Admittance 

(VDS = 15 Vdc, VGS = 0, f = 1.0 kHz) 

|yos| — 50 mhos 

Input Capacitance 

(VDS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Ciss — 4.0 pF 
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Reverse Transfer Capacitance 

(VDS = 15 Vdc, VGS = 0, f = 10 MHz) 

Crss — 0.8 pF 

Output Capacitance 

(VDS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Coss — 2.0 pF 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 

(VDS = 15 Vdc, ID = 5.0 mAdc, Rg 1000 , f = 100 MHz) 

(VDS = 15 Vdc, ID = 5.0 mAdc, Rg 1000 , f = 400 MHz) 

NF  
— 

— 

 
2.0 

4.0 

dB 

Common Source Power Gain 

(VDS = 15 Vdc, ID = 5.0 mAdc, f = 100 MHz) 

(VDS = 15 Vdc, ID = 5.0 mAdc, f = 400 MHz) 

Gps  
18 

10 

 
— 

— 

dB 

 

 

 

 

  

OUTPUT CHARACTERISTICS 
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11.1.2. BJT: BC547B 
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11.1.3.  125MHz Crystal Oscillator: SG-8003CE 
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11.1.4. Operational Amplifier: TSV622 
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11.1.5. 3.3V Voltage Regulator: UA78M33C  
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11.2. Software and hardware used 

 LTSpice v4.23 

 Oscilloscope Agilent DSO6014A 

 RF Network Analyzer Hewlett Packard 8714B 


