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ABSTARCT 

THREE STAGE LOW NOISE AMPLIFIER AT 6GHZ FREQUENCY 

By 

Swapna Raavi 

Masters of Science in Electrical Engineering 

“Low Noise Amplifiers are the main components at the receiving end of nearly every 

communication system“. “The primary purpose of an LNA is to amplify the input signal 

while adding minimum noise as little as possible“. 

This project consist of a 6 GHz three stage Low noise amplifier. NEC and CAS are used 

to create and simulate the design. Microwave office is used to design and simulate the 

final configuration. The LNA is designed to produce a 35dB gain and an overall noise 

figure of 2dB at 6GHz frequency. However, the actual design provides an overall gain of 

50dB and a noise figure of 1.04dB. The LNA designed meets and exceeds our design 

requirements. Advancements in the technology and the end user requirement has also 

influenced in pushing these limits to a new level.  

“This project gives a good base and hands on experience with the industrial standard tools”. 

“It also provides an overview of types of amplifiers, detailed design steps and types of 

matching techniques“.  
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1. INTRODUCTION 

Signal amplification is one of the most important radio frequency and microwave circuit 

functions. The introduction to radar in World War II provided the significance of 

microwave signals. Early microwave amplifiers were vacuum tube devices such as 

klystrons, travelling wave tube amplifiers and magnetrons, etc. Now all these are being 

dominated by solid state amplifiers except for the use of high power applications. Solid 

state devices are being classified into two types: 1) two terminal negative resistance diode 

devices 2) transistors. Nowadays we are using three terminal device transistors since it 

can control and amplify in an efficient manner. Solid state transistors are again being 

grouped into two types: bipolar and unipolar.  

Many different types of amplifiers are available today and perform different functions. 

These include high-gain amplifiers, (HGA), maximum-gain amplifiers (MGA) which is a 

special case of HGA, low-noise amplifiers (LNA), and minimum-noise amplifiers 

(MNA) which is a special case of LNA. These general class of amplifiers have the same 

general design procedure and techniques and are usually narrow-band amplifiers. A low-

noise amplifier is a specific type of amplifier that tries to maximize the amount of the 

gain while also reducing the amount of noise. Low noise amplifiers have many practical 

uses in automotive navigation, cellphones with GPS, wireless communications, and 

personal navigation devices.  

LNA is a circuit that amplifies a signal while blocking noise. Like most circuit designs, 

LNA requires a tradeoff between the amount of gain and the amount of noise. In order to 

design any type of amplifier, we first need to take into account some of the features and 
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parameters such as biasing the transistor, operating point of the device, stability, gain and 

noise figure.  

A RF transreciever typically includes a low noise amplifier, mixer, filter, power 

amplifier.  LNA is the most important building block in the RF receiver. The LNA 

amplifies the weak signals from the antenna and duplex filter without adding too much 

noise to the overall system. Since it is the first stage in the receive path, its noise figure 

influences significantly to the system performance. Aside from providing gain, LNA 

should also have high linearity. To meet RF front end requirement, the LNA should have 

enough gain to amplify the received signals with little distortion, add low inherent noise, 

and match the input and output ports with unconditional stability. “The effect of noise 

from subsequent stages of the receiver chain is reduced by the gain of the LNA, while the 

noise of the LNA itself is injected directly into the received signal. Thus, it is necessary 

for an LNA to boost the desired signal power while adding as little noise and distortion as 

possible, so that the retrieval of this signal is possible in the later stages in the system”.  

 

Figure 2.1: Block Diagram of a General Transistor Amplifier 

“For low noise, the amplifier needs to have a high amplification in its first stage. 

Therefore JFETs and HEMTs are often used. They are driven in a high-current regime, 
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which is not energy-efficient, but reduces the relative amount of shot noise. Input and 

output matching circuits for narrow-band circuits enhance the gain”.  

1.1 Design Goal 

The following summarizes our design goal: 

Parameter Design Goal 

Frequency(GHz) 6 

Gain(dB) 35 

Noise figure(dB) < 2 
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2. AMPLIFIER THEORY 

2.1 Noise 

‘Noise figure is a measurement of noise performance in the circuit. “In a microwave 

amplifier, even when there is no input signal, a small output voltage can be measured “. ’ 

“We refer to this small output power as amplifier noise power“. “The total noise output 

power is composed of the amplified noise input power plus the noise output power 

produced by the amplifier“ 

‘“The noise input power can be modeled by a noisy resistor that produces thermal noise. ’ 

‘This noise is produced by the random fluctuations of the electrons due to thermal 

agitation“. “The rms value of the noise voltage Vn, produced by the noisy resistor Rn over a 

bandwidth, B is given by“’: 

𝑉𝑛 = √4𝑘𝑇𝐵𝑅𝑛                                                  (2.1)                       

‘“Where k is Boltzmann’s constant (i.e., k = 1.374x10-23J/K) and T is the resistor noise 

temperature“. “The above equation shows that the thermal noise power depends on the 

bandwidth and not on a given center frequency“. “Such a distribution of noise is called 

white noise“.’ “The maximum available noise power from Rn is given by“: 

 Pn = kTB (2.2) 

“The noise figure describes quantitatively the performance of a noisy amplifier“.  ‘          “ The noise 

figure of an amplifier is defined as the ratio of the total available noise power at the 
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output of the amplifier to the available noise power at the output due to thermal noise 

from Rn“. 

“The noise figure can be expressed in the following form“: 

        F=
𝑃𝑁𝑜

𝑃𝑁𝑖 𝐺𝐴
                                                   (2.3)         

“Where PNo is the total available noise power at the output of the amplifier, PNi = kTB is 

the available noise power due to Rn in a bandwidth B, and GA is the available power gain“. 

“Since GA can be expressed in the form of: 

      𝐺𝐴 =
𝑃𝑆𝑜

𝑃𝑆𝑖
                                                    (2.4)                         

“Where PSo is the available signal power at the output and Psi is the available signal power 

at the input, then the equation (2.3) can be written as“: 

F =   

𝑃𝑆𝑖
𝑃𝑁𝑖
𝑃𝑆𝑖

𝑃𝑁0

     (2.5)  

“In other words, F can also be defined as the ratio of the available signal-to-noise power 

ratio at the input to the available signal-to-noise power ratio at the output“. “A minimum 

noise figure is obtained by properly selecting the source reflection coefficient of the 

amplifier“. 

‘The noise figure of a multistage amplifier can be given as follows ’: 

𝐹𝑡𝑜𝑡 = 𝐹1 +
𝐹2 − 1

𝐺1
+

𝐹3 − 1

𝐺1𝐺2
+ ⋯ 
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Figure 2.2: Example for Noise Figure and Gain Circles 

2.2 Stability Factor 

“The stability of an amplifier or its resistance to oscillate is very important consideration 

in a design“. “These can be determined using S-parameters, matching networks, and the 

terminations“.  “After selecting the desired transistor, it is necessary to check its stability“. 

“The transistor should be made unconditionally stable if it is either unstable or 

conditionally stable, before designing the amplifier“. “The necessary and sufficient 

conditions for unconditional stability are“ 

K> 1 and |∆ |< 1 

 Where 

∆= 𝑆11𝑆22 − 𝑆12𝑆21 



7 
 

and 

𝐾 =
1 − |𝑆11|2 − |𝑆22|2 + |∆|2

2|𝑆12𝑆21|
 

 

Figure 2.3: Example for Stability Circles 

 

Figure 2.4: Areas of Instability 
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2.3 ‘Gain (S- parameter)  

“S-parameters are valuable for characterizing a transistor and using the data to predict the 

performance and design of an amplifier circuit. ‘The values of S-parameters depend on the 

properties of the transistor. With proper selection of Γ𝑆 and Γ𝐿, it is possible to achieve 

maximum gain“. “Maximum power transfer from the input matching section to the 

transistor will occur when the following condition is satisfied“:  

Γ𝑆= Γ𝑖𝑛
∗. 

Where * is used to denote complex conjugation. The maximum power transfer from the 

transistor to the output matching section will occur if   Γ𝐿 = Γ𝑜𝑢𝑡
∗. If these two conditions 

are satisfied, the resulting gain is given by: 

maxTUG = maxSG 0G maxLG = 
)1(

1
2

11S
  

2

21S
)1(

1
2

22S
 

Where 

L
S

L
SS

S
S 




22
1

2112
11

 

s

s
L

S

SS
S






11

2112
22

1
 

𝑆 12 is often small enough to be ignored and the equations above become as simple as 

*
11

S
S
  

*
22

S
L
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Figure 2.5: Example for Input Matching Network Gain Circles 
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3.  DESIGN THEORY 

3.1 RF/MW Circuit Design 

As stated earlier, low noise amplifiers are more concerned with the amount of 

distortion at the output rather than the absolute gain. “The LNA operates in Class A, 

usually at 15-20 % of its maximum useful current “. Class A has a bias point roughly at the 

center of the maximum current and voltage characteristic of the transistor. “The ideal 

LNA achieves a low noise figure, substantial gain, and stability over its entire useful 

frequency range“. Its primary purpose in RF receiver architectures is to amplify extremely 

weak signals at very low-power levels without adding noise (distortion), therefore 

maintaining the desired Signal-to-Noise Ratio (SNR), where  

𝑆𝑁𝑅𝑑𝐵 = 10 log
𝑃𝑠𝑖𝑔

𝑃𝑛𝑜𝑖𝑠𝑒
 

 

The procedure for effective LNA design can be described as follows: 

3.1.1 Select Proper Device 

“The transistor should exhibit high gain, have a low noise figure, and offer high IP3 (third 

order intercept point) performance at the lowest possible current consumption“. “The 

designer should first look at the main design parameters as“: “Noise, Gain, and IP3, and 

decide what Vce and Ic levels will produce optimal performance“. 

3.1.2 DC Bias Network Design 

“The DC Q-point of an amplifier must be chosen approximately in the midrange of 

current-voltage (ID- VDS for FET) characteristics for class A amplifiers“. One of the 

popular arrangements for biasing a FET is shown below.   
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Figure 3.1 DC Biasing Circuit 

The following equations are used to plot the load line: 

                             VDD=VDSQ + RD IDQ     (KVL)                                         (1) 

 IDQ = VDD /RD – VDSQ / RD                        (2) 

 VGSQ = (R2 / R1 + R2 ) VGG (3) 

Let VDD =3V and VGG = -3V. From the datasheet for VGSQ = -0.4 V, we obtain IDQ = 

10mA, and VDSQ = 2V at the Q- point. Substituting the values in equation (2)  we get: 

RD = ( VDD – VDSQ ) / IDQ 

RD = ( 3 – 2 ) / 10 

RD =  100 ohms 

Substituting the values of VGG and VGSQ  in equation (3)  we get: 

-0.4 = (R2 / R1 + R2 ) (-3) 
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R1

R2
 = 

2.6

0.4
 = 6.5 

Assuming R2= 100 Kohms, then R1= 65 Kohms. 

  

To begin the design of an amplifier a suitable quiescent point must be selected. The Q-

point should be located in a linear region of the transistor drain voltage versus current 

curves. The Q-point affects the performance of the amplifier. 

 

Figure 3.2: DC load line, Q point 

 

3.1.3 Device Characterization 

  Measure the S-parameters of the transistors at the appropriate Q-point. 

3.1.4 Stability Condition  

There are two possible types: 
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a) Unconditional Stability: “|Γin| < 1 and |Γout| < 1 for all passive source and load 

impedances (|ΓS| < 1 and |ΓL| < 1) “. 

b) Conditional Stability: “|Γin| < 1 and |Γout| < 1 for a limited range of passive source and 

load impedances“. 

“The K-factor is a quick way to check the stability for the given biasing conditions“. “A 

sweep of the K-factor over frequency should be performed to ensure unconditional 

stability outside band of operation“.  “There are five primary methods for circuit 

stabilization“: 

 Resistive loading of the input.  ‘This method is almost never used due to noise 

degradation of the LNA. ’ 

 Output resistive loading. “This is the preferred method of stabilization, but should 

be used carefully because it effects lower gain, lower P1dB point and IP3“. 

 RLC feedback. “This method is employed from collector-to-base to lower gain at 

lower frequencies adding stability“. 

 Filter matching. “Usually used at the transistor output, this method is used for 

eliminating gain at high frequencies, far above the frequency of operation “. “ ‘Short 

circuit quarter-wave transformers used as notch filters or capacitors with same 

resonant frequency as frequency of oscillation can be employed to stabilize LNA“. 

 Emitter-feedback inductor. “A small inductor can make the circuit more stable at 

higher frequencies, but if the source inductance is increased, the K-factor drops 

below 1” “. 

“In addition to these methods for stabilization, the LNA should be checked for 

stability far beyond the band of interest by verifying both small-signal and large-
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signal stability“. ‘Stability circles should be verified on Smith Chart to check 

legitimacy of chosen Zin and Zout.’ 

3.1.5 Input and Output Matching Network 

“When designing the input matching circuit we calculate the allocated gain values for both 

input(Gs) matching network and output (Gl) matching network, and the transistor gain 

(Go) “. “Then, plot the input and output gain circles along with the noise figure circles on the 

same smith chart, we will choose the gain circles along with the noise figure circles on 

the same smith chart“.  “We will choose the gain circle intercepting points with the desired 

noise figure circle“. “Use ГS which lies on the constant gain circle between the intercept 

points and inside the constant noise figure circle to design the input matching networks“. 

“Similarly, plot the output gain circle and choose ГL on the circle to design the output 

matching network“. 

3.1.6 Layout 

   Design the circuit schematic and physical design with matching networks using 

software tools (e.g. HFSS, Microwave Office, ADS). 

3.1.7 Fabrication & Testing 

 Fabricate circuit on PCB using photolithography, solder devices on PCB, attach 

connectors, and test using vector network analyzer (VNA). 

3.1.8 Post-process Tuning and Redesign  

 Apply minor adjustments to components and redesign amplifier if necessary. 
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Figure 3.3 Summary of Design Steps 

3.2 Matching Network Design 

Normally this type of designs have a tradeoff between gain and noise figure, our 

goal is to get the maximum gain with the least amount of noise possible. We have to 

calculate allocated gain for input matching networks (GS), output matching network (GL) 

and also the transistor gain (GO) while we design the input matching circuit.   
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The input and output values obtained are used to plot the smith chart along with 

the noise circles. The input matching networks are designed with the ГS values on 

constant gain circle between intercept points and constant noise figure circle. Same way 

we use the ГL on the constant gain circle to plot the output gain circle and design the 

output matching network. 

 

Figure 3.4: Example Circuit for Matching Network 

 

 

3.3 Multistage LNA Design 

Stability of transistor based amplifiers depends on the stability of each stage and 

also the stability of the entire network. Generally amplifier designed with transistors 

compose of N- number of stages in which every stage has its specific function. In our 

project we designed a three stage amplifier, the figure below shows an N-stage design. 
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Figure 3.5: Multistage Amplifier Design 
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4. AMPLIFIER DESIGN USING MICROWAVE OFFICE SOFTWARE 

4.1 DESING OF SINGLE STAGE LNA USING LUMPED ELEMENTS 

“This chapter will provide the design of a three stage low noise amplifier with a 

gain of 35dB and a noise figure less than 2dB at an operating frequency of 6 GHz“. We 

will follow the process stated above to design the required LNA. Microwave Office from 

Advanced Wave Research (AWR) is used to simulate the amplifier prior to fabrication.   

4.1.1 Selecting a Transistor 

Initial step is to find an appropriate transistor that meets the requirements of the 

specifications. We have selected a NE32684A ultra low noise pseudomorphic HJ FET for 

our design. The Fmin at 0.37 dB is giving us a total of 1.1 dB for the three stages and is 

under the desired 2dB. Small signal gain is 18.9 dB > (35/3) =11.6 dB, therefore the gain 

of the transistor is greater than the desired gain of the LNA. The Q point of the transistor 

is already set to 𝑉𝑑𝑠 =2V and 𝐼𝑑𝑠=10mA.  

The scattering parameters can be referred from the datasheet while the s2p file has to be 

uploaded into the software. Below is the AWR model of NE32684A. 

 

Figure 4.1 AWR Model of NE32684A 
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The S- parameters from the microwave office are being displayed below. 

 

Figure 4.2 Scattering Parameters From s2p File 

 

“Since we are operating at 6GHz frequency the S- parameters at that particular frequency 

are“ 

[𝑆] = [
𝑆11 𝑆12

𝑆21 𝑆22
] = [

0.703∠ − 95.8° 0.067∠44.1°
4.71∠84.3° 0.394∠ − 58.3°

] 

 

Since the S- parameters determine the stability of the transistor we will calculate the 

stability parameters which are K, ∆. 
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∆= 𝑆11𝑆22 − 𝑆12𝑆21 = (0.37∠ − 98.18°)  < 1 

𝐾 =
1 − |𝑆11|2 − |𝑆22|2 + |∆|2

2|𝑆12𝑆21|
= 0.77 < 1 

 

Since K< 1, ∆< 1, the transistor is said to be conditionally stable. So we have to draw the 

input and output stability cirlces to find the stable region of operation“. ’ Stability circles 

were plotted using the S-parameters downloaded.  The unstable regions are inside the 

blue circles, shown below.  This suggests almost the entire Smith Chart is stable. 

 

 

Figure 4.3 Stability Circles for NE32684A Transistor 
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4.1.2 Input Stability Circles 

The center of the input stability circle is found by 

0

22

11

22

*

11 29.11477.1 





S

SS
cS  

The radius of input stability circle is 

88.0
22

11

2112





S

SS
rS  

We tried drawing the input stability circle manually and using the microwave office 

software. A snap of the input and output stability circles in AWR is given below in figure 

4.4. 

4.1.3 Output Stability Circles 

“To determine the output stability circles we use 11S  if 11S <1 then the stability circle 

containing the center of the smith chart will be the stable region. Since from the below 

figure we can see that the output stability circle does not include the center of the smith 

chart, so the stable region is within the smith chart which does not include the output 

stability circle. “ 

0

22

22

11

**

22 7.9940.21 





S

SS
cL  

76.20
22

22

2112





S

SS
rL  
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Figure 4.4 Input and Output Stability Circles 

Since the stable regions are being determined, now we have to check if the transistor will 

be unilateral or bilateral case. The unilateral figure of merit of transistor is  

U=
)1)(1(

2

22

2

11

22211211

SS

SSSS


  =0.204 

The maximum transistor gain is given by 

maxTUG = maxSG 0G maxLG = 
)1(

1
2

11S
  

2

21S
)1(

1
2

22S
 

Where  
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maxSG = 
)1(

1
2

11S
 

= 
1

1−0.72 

= 2.9dB 

0G =
2

21S = 13.46dB 

maxLG =
)1(

1
2

22S
 

= 
1

1−0.392 = 0.73dB 

maxTUG = maxSG 0G maxLG  = (13.46+0.73+2.9) dB  

maxTUG =17.11dB 

‘The error in the transducer gain caused by the unilateral assumption is given by1, 

2)1(

1

U
<

maxTU

T

G

G
<

2)1(

1

U
 

-1.61dB <
maxTU

T

G

G
<1.98dB 

4.1.4 Noise Figure Circles 

‘The 1dB noise figure circle is plotted with the noise figure parameter (N) calculated as ’: 
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𝑁 =
𝐹 − 𝐹𝑚𝑖𝑛

4𝑅𝑁

𝑍0

|1 + 𝛤𝑜𝑝𝑡|
2
 

𝑁 =  
1.25 − 1.08

4(0.21)
|1 + 0.62∠91°|2 

𝑁 = 0.272 

‘We then calculate the center and radius of the 1 dB noise figure circle ’: 

𝐶𝐹 =
𝛤𝑜𝑝𝑡

𝑁 + 1
 

=
0.62∠91°

0.272 + 1
 

 

𝐶𝐹 = 0.488∠91° 

 

𝑅𝐹 =
√𝑁 (𝑁 + 1 − |𝛤𝑜𝑝𝑡|

2
)

𝑁 + 1
 

 

=
√0.272(0.272 + 1 − 0.622)

0.272 + 1
 

 

𝑅𝐹 = 0.38 

4.1.5 Gain Circles 

“While designing a transistor for a specific gain, the goal is to design an input and output 

matching network so that we get the required gain“.’ So we assume Gs= 2dB, now we need 

to draw the 2 dB gain circle by selecting: 
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dBGS 2  = 1.58 

max/ SSS GGg   =1.58/ 1.94 =0.81 

“The center and radius of the 2dB gain circle are calculated using the formulas below“: 

𝐶𝑆 =
𝑔𝑠𝑆11

∗

1−(1−𝑔𝑠)|𝑆11|2
     =  0.62∠95.8° 

𝑅𝑆 =
√1−𝑔𝑠(1−|𝑆11|2)

1−(1−𝑔𝑠)|𝑆11|2   =  0.245 

 

The transducer gain circle is considered to be 0dB so the 
Lg is calculated to be as  

dBGL 0  = 1 

max/ LLL GGg   =1/ 1.18 = 0.84 

“The center and radius of the 0dB gain circle are calculated using the formulas below “: 

𝐶𝐿 =
𝑔𝑙𝑆22

∗

1−(1−𝑔𝑙)|𝑆22|2     =  0.34∠58.8° 

𝑅𝐿 =
√1−𝑔𝑙(1−|𝑆22|2)

1−(1−𝑔𝑙)|𝑆22|2   =  0.34 

‘The input matching network is designed by choosing any point located both on the 2dB 

gain circle and inside the 1dB noise figure circle. The reflection coefficient at the source 

is selected farthest away from the input stability circle. ‘In the same way the reflection 

coefficient at the load value is selected at any point located on the 0dB gain circle.’ The 

smith chart plot is presented below where the Г𝑆 and Г𝐿  values are chosen inside the 

noise figure circle and on the gain circle. 
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Figure 4.5 Reflection Coefficient at Source  
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Figure 4.6: Reflection Coefficient at Load 
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4.1.6 Input matching network 

“Input matching network can be designed by moving from the center of the smith chart to 

the Г𝑆 value“.’ From the Smith Chart above, the optimum solution is Г𝑆 = 0.46∠114.5°, 

yielding GS = 2 dB and F = 1 dB. 

The element values for the input matching network: 

Shunt c:  

𝑗𝑏𝑝 =
𝑗𝜔𝑐

(𝑌0)
 

0.55j =  
𝑗𝑥2𝛱𝑥 6𝑥109𝑥𝑐

(0.02)
 

C= 0.53 pF 

Series L 

𝑗𝑥𝑠 =
𝑗𝜔𝐿

(𝑍0)
 

0.42j + 0.2j =  
𝑗 𝑥 2𝛱 𝑥 6 𝑥 109 𝑥 𝐿

(50)
 

L=1.35nH 

 

 

Figure 4.7 Input Matching Network 
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“Figure 4.8 Smith Chart for Input Matching Network“ 

 

 

4.1.7 Output Matching Network 

“Output matching network can be designed my moving from the center of the smith chart 

to the selected Г𝐿  value“. The elements values for the output matching network are 
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Series C: 

 

𝑗𝑥𝑠 =
−𝑗

(𝑍0𝜔𝐶)
 

C= -0.37 pF 

 

Shunt L: 

𝑗𝑏𝑝 =
−𝑗

(𝜔𝐿𝑌0)
 

 

L= -2.21nH 

 

Figure 4.9 Output Matching Network 

 

‘ 

CAP

C=
ID=

-0.37 pF
C1 

IND

L=
ID=

-2.21 nH
L1 

PORT

Z=
P=

50 Ohm
1 

PORT

Z=
P=

50 Ohm
2 
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“Figure 4.10 Smith Chart for Output Matching Network“ 



32 
 

The final design of the single stage LNA is given in figure 4.10. Looking at the results 

the noise figure comes out to be 0.59 dB for a single stage with gain of 17.9 dB. The 

values are much better after designing the matching network 

 

 

Figure 4.11 Noise Figure for Single Stage 

 

 

Figure 4.12 Power Gain for the Single Stage LNA 
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Figure 4.13 Single Stage LNA Schematic with Subcircuits 

 

 

Figure 4.14 Schematic of Single Stage LNA Using Lumped Elements 

 

CAP

C=
ID=

0.53 pF
C1 

IND

L=
ID=

1.35 nH
L1 

CAP

C=
ID=

-0.37 pF
C2 

IND

L=
ID=

-2.21 nH
L2 

1

2

3

SUBCKT

NET=
ID=

"n32684ab" 
S1 

PORT

Z=
P=

50 Ohm
1 PORT

Z=
P=

50 Ohm
2 
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4.2 Multistage LNA 

The noise figure of the cascaded amplifier is given by: 

𝐹𝑡𝑜𝑡 = 𝐹1 +
𝐹2 − 1

𝐺1
+

𝐹3 − 1

𝐺1𝐺2
+ ⋯ 

‘F1= Noise figure of first stage, F2= noise figure of second stage, F3= noise figure of the 

third stage.’ Since all the transistors are same we have noise figure F1=F2=F3= 1dB = 

1.25 and G=G1=G2= 11.66dB= 14.45 

𝐹𝑡𝑜𝑡 = 1.25 +
1.25 − 1

14.45
+

1.25 − 1

14.45 𝑥 14.45
 

=1.04dB 

For a cascade design identical stages can be combined together without any changes in 

the matching network. Figure 4.12 shows the full schematic. The main benefit of using 

cascade method is that it’s less time consuming than designing a different matching 

network. 
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Figure 4.15 Cascaded LNA 
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Figure 4.16 Cascade LNA using Lumped Elements 
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The above figure shows the cascaded LNA at 6GHz using lumped elements. ‘The graphs 

are being plotted for the transducer power gain, noise figure and power gain of a three 

stage low noise amplifier.’ 

 

Figure 4.17 Transducer Power Gain for Three Stage LNA 

 

Figure 4.18 Available Gain for a Three Stage LNA 
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Figure 4.19 Power Gain at 6Ghz 

 

Figure 4.20 Noise Figure in dB for Three Stage LNA at 6GHz 
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5. CONCLUSION 

“A low noise amplifier was designed, built, and tested“.’ “A NE32684A ultra low noise 

pseudomorphic HJ FET for our design which exhibits a minimum noise figure of 0.35dB 

at 6GHz frequency“. “At a 6GHz frequency the low noise amplifier exhibits low noise, 

moderately high gain, and good input and output return loss“. 

“The three stage low noise amplifier was designed using cascading technique”. “A 

low noise amplifier is designed to operate in a linear region due to small signal input “. In 

our case linearity is not tested because of the unavailability of a nonlinear transistor. But 

it is believed that the combination of small signal and linear components would produce 

an output, which is linear to the input. 

“In this 3- stage low noise amplifier we have achieved a power gain of 57.4 dB and a 

noise figure of 1.04dB“. These values meet and exceed our design requirements. AWR 

microwave office made the design process very simple and its collaboration with 

semiconductor companies provided accurate results.  

PARAMETER  DESIGN 

GOAL 

Hand 

Calculations 

MATLAB 

RESULTS 

AWR 

RESULTS 

Frequency(GHz) 6 6 6 6 

Noise figure(dB) < 2 1.04 1.037 1.031 

Gain(dB) 35 50.32 50.57 50.5 
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APPENDIX 1 

MATLAB CODE 

S11_mag=0.703; 

  

S12_mag=0.067; 

  

S21_mag=4.713; 

  

S22_mag=0.394; 

  

%Input S-parameters 

S11=-0.071-0.699i 

S12=0.048+0.046i 

S21=0.468+4.689i 

S22=0.207-0.335i 

s22=0.207+0.335i % conjugate of s22 

s11=-0.071+0.669i % conjugate of s11 

  

  

Z0=50;%characteristic impedance 

  

%1) Check stability. 

d=(S11*S22)-(S12*S21)%delta 

K=(1-((abs(S11)).^2)-((abs(S22)).^2+(abs(d)).^2))./(2*abs(S12)*abs(S21))%K 

  

% input stability cirles 

ds=abs(S11)^2-abs(d)^2 

rs=abs((S21*S12)/ds) 

cs= (conj(S11-(d*s22)))/ds 

  

% output stability circles 

dl=abs(S22)^2-abs(d)^2 

rl=abs((S21*S12)/dl) 

cl= (conj(S22-(d*s11)))/dl 

%2) Find gains. 

%Unilateral Case- maximum gain: 

  

G0=abs(S21).^2 

Gs_max=1./(1-((abs(S11)).^2)) 
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Gl_max=1./(1-((abs(S22)).^2)) 

  

G0_dB=10*log10(G0) 

Gs_max_dB=10*log10(Gs_max) 

Gl_max_dB=10*log10(Gl_max) 

  

GTU_max_dB=G0_dB+Gs_max_dB+Gl_max_dB 

  

%3) Plot gain circles. 

%input gain circles 

Gs_dB=2; 

Gs=10.^(Gs_dB./10) 

Gl_dB=0; 

Gl=10.^(Gl_dB./10) 

  

gs=Gs./Gs_max; 

Cgs_mag=(gs*S11_mag)./(1-(S11_mag).^2*(1-gs)); 

Cgs_deg=-S11_deg; 

Cgs=[Cgs_mag  Cgs_deg]%center coordinate 

Rgs=((1-gs).^0.5*(1-S11_mag.^2))/(1-(S11_mag).^2*(1-gs))%radius 

  

%output gain circles 

gl=Gl./Gl_max; 

Cgl_mag=(gl*S22_mag)./(1-(S22_mag).^2*(1-gl)); 

Cgl_deg=-S22_deg; 

Cgl=[Cgl_mag  Cgl_deg]%center coordinate 

Rgl=((1-gl).^0.5*(1-S22_mag.^2))/(1-(S22_mag).^2*(1-gl))%radius 

  

%Unilateral Figure of Merit 

%If S12/=0, try the unilateral figure of merit 

U=(S12_mag*S21_mag*S11_mag*S22_mag)./((1-(S11_mag).^2)*(1-(S22_mag).^2)) 

  

%lower boundary condition 

Ul=1./(1+U).^2; 

Ul_dB=10*log10(Ul) 

%upper boundary condition 

Uu=1./(1-U).^2; 

Uu_dB=10*log10(Uu) 
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APPENDIX 2 
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