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Abstract 

DESIGN OF A MICROWAVE TWO-STAGE LOW NOISE AMPLIFIER  

AT 17GHz 

 

BY 

ABHINAV PACHIKANTI 

MASTER OF SCIENCE IN ELECTICAL ENGINEERING 

            

The goal of the project is to design a low noise amplifier to meet the specific 

noise figure less than 2dB and Gain more than be over > 20dB at a frequency of 17GHz. 

To achieve low noise, the amplifier is designed in two stages in which 1
st
 stage is 

minimum noise amplifier (MNA) and 2
nd

 stage is a maximum gain amplifier (MGA). 

            The main goal of this amplifier is to achieve minimum noise and maximum 

possible gain. The performance of the amplifier is analyzed using ADS. A DC biasing 

circuit is designed to power the two stage amplifier. 
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CHAPTER 1.  INTRODUCTION 

1.1 OVERVIEW 

Amplifier is an electronic device that amplifies the weak signals. Low noise 

amplifiers commonly find their use in wireless communications. Most of the RF and 

microwave receivers have amplifiers and they are used in commercial and military 

applications. The function of the low noise amplifier is mainly amplification of low-level 

signals and also to produce low noise. Taking an example of large signal levels, LNA 

does the amplification of the signal received with zero noise and channel interference.  

LNA design in Radio Frequency circuits consists of characteristics like stability, 

noise figure, gain, utilization of power and its complexity. Transistor amplifiers also find 

their uses, at frequencies greater than 100 GHz in different applications in which size 

should be small, noise figure should be low, bandwidth should be wide and power 

capacity should be low to medium. A vast range of concepts like two port network, study 

of microwave transmission lines and smith chart techniques are used for the design of 

these amplifiers. Some of the transistors with the low noise amplifier ability are CMOS, 

BJT, and FET etc. In this project, LNA is designed using the Avago technologies 

VMMK-1218 Pseudomorphic High Electron Mobility Transistor (PHEMT) in a high 

frequency range. 

LNA is an important part of communications where the receiver positioned at 

front end, it amplifies the weak signals captured by the antenna in the front and reduces 

losses. The main purpose of LNA is to have minimum noise and amplify the received 

signals to acceptable levels. In the first stage, the amplifier should have a high 
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amplification in order to get low noise levels. So JFETs, MESFETs, MOSFETs and 

HEMTs are usually used. In narrow band circuits, to improve the gain, input and output 

matching circuits are used. A low noise amplifier is one of a receiver’s important parts 

and is placed as the first stage of a microwave receiver. 

 

 

 
 

Figure 1 BLOCK DIAGRAM OF AN AMPLIFIER 
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1.2 PROBLEM 

The goal of the project is to Design a Low Noise Amplifier at a frequency of 

17GHz while obtaining a low noise figure and a high gain. Design of LNA can be 

implemented by studying proper matching techniques to achieve required gain and low 

noise. 

Design specification to be done: 

Frequency (GHz) 17 

Gain (dB) 20 

Noise Figure (dB) 2 

 

Table 1 SPECIFICATIONS 

 

1.3 SCOPE 

The scope of the project can be done in two ways. The first one is analytical 

method which can simulate the gain and noise calculations using Mat lab. The second 

one is analyzed using the Advance Design System (ADS). 
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1.4 OUTLINE 

 Chapter 1: Deals with the introduction of Low noise amplifier and briefly gives 

information about the scope of the project and its background. 

 Chapter 2: Discusses the classes of amplifier like small signal and large signal 

amplifiers. Briefly explains the low noise amplifier applications and methodology. 

 Chapter 3: Illustrates the design procedures and matching networks required to 

design the two-stage LNA. Gain and noise figure calculations are also mentioned. 

 Chapter 4: Gives the simulation results of the two-stage LNA using ADS. 

 Chapter 5: Finally provides the conclusion of the whole project and also gives the 

recommendations to improve the performance of the amplifier design. 
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CHAPTER 2. DESIGN THEORY 

2.1 Amplifier Design 

 Amplifier is an electronic device used for amplifying electrical signals 

amplitude.  The amplifier increases voltage, current or power of any applied signal. 

Basically, the amplifiers are of four types: voltage amplifiers, current amplifiers, trans-

conductance amplifiers and trans-resistance amplifiers. 

An amplifier takes energy from a power supply and controls the output so that it 

matches the input signal shape and produces it with a greater amplitude than 

before.  Thus the output of the power supply is to modulate by an amplifier, produce a 

stronger output signal than the input signal. An amplifier's working is basically quite 

opposite to the working of an attenuator as an amplifier provides gain, whereas on the 

other hand, an attenuator produces a loss. 

2.1.1 CLASSES OF AMPLIFIERS 

            Operation of an amplifier is usually in one of the following classes: 

A. Class A amplifiers: In Class A mode, each transistor works in the active region in the 

amplifier.  

B. Class B amplifiers: This is the mode of operation in which each transistor operates in 

its active region for almost half of the signal cycle. 

C. Class AB amplifiers: In Class AB mode, for small signals, an amplifier operates in 

class A and for large signals, it operates in class B. They have active region for less than 

half of the signal cycle. 
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D. Class C amplifier: Class C is the mode in which the transistors are in its active region 

for the complete cycle of signal. They have the active region for almost half of the signal 

cycle. 

 

2.1.2 Amplifier based on signal level 

Microwave amplifiers are mostly classified into two types.  Signal level is the 

basis of the Analysis in both types of amplifiers. Each mode has a different analytical 

style. 

1) Small signal Amplifiers 

They use small signal analysis. This method of analysis assumes the fluctuation of 

the signal from each side of the steady bias levels to be of a low small level, resulting in a 

very small part of the operating characteristic to be covered. Thus the mode of operation 

is linear. 

2) Large signal Amplifiers 

In this method, large signal analysis is used to analyze large signal amplifiers. 

Greater part of operating characteristics are covered which also include nonlinear parts. 

As they are used with active circuits that have a high amplitude signal. Also, large signal 

amplifiers are way more complexly designed in comparison to small signal amplifiers. 

Since small signal amplifier is being designed, we do not need to take into 

account the nonlinear part in the operating device. All Amplifiers require optimization of 

overall noise figure or gain according to the design specification. So each design will be 

an interplay of circles of noise figure and constant gain.  
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Also, these two blocks should be properly isolated from each other so that there is 

no leakage of the RF signal into the DC circuit when it is going from the input to the 

output. 

Since in the small signal mode the transistor has to operate in a linear region so it should 

operate in class ‘A’ mode. 

 

2.2 DC Biasing 

The first step in the design of the amplifier is to choose a transistor which meets 

specification design. For the design of a low noise device, the transistor should be DC 

biased at a suitable Q-point, so that it ensures the transistor operates in its active or linear 

region. This depends on noise figure, gain and type of the transistor as FET, P-HEMT, 

MOSFET, and MESFET and so on.   

Q-point should be around the middle of the range for FET curves should be 

chosen such that it’s operating in an active mode. 

Drain voltage (Vd) = 3V and Drain-Source current (Ids) = 20 mA.  

 

Figure 2 CHARACTERISTICS FOR FET TRANSISTOR 
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DC circuit should be totally separated from any path, so that RF/MW signals may travel 

to ensure that there is no leakage. 

1. An inductor, also known as RF choke is connected between DC source and 

RF/MW circuit. A ferrite bead can be used for this. 

2. A quarter wave transformer should be attached between DC source and RF circuit 

with a characterstics impedance that is high enough so that a path is created that 

has high impedance for any RF signal. 

3. A capacitor with high impedance has to be connected as a load to the transformer 

to get an open circuit at the input having the RF circuit. 

The above steps show how we create a high isolation between the DC and the RF 

circuits in order to operate the amplifier efficiently.  

 

 

Figure 3 CIRCUIT DIAGRAM OF DC-BAIS 
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2.3 Design Steps 

 

  

Figure 4 DESIGN STEPS 
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Step 1: Proper Device selection 

Device should be selected based on required specifications of the amplifier. 

Considering an example, in which we assume that for gain G, we have to choose 

transistor with |S21/S12| greater than required gain G. 

If we want noise figure Fo then Fmin of the transistor should be less than noise figure Fo. 

Step 2: DC Bias Design 

Now, according to selection of FET, bias the transistor in the midrange of ID-VDS curves 

respectively. 

Step 3: Device Characterization 

After proper device selection using DC bias, we know the Q-point using which 

we calculate S-parameter of transistor at that Q-point. 

Step 4: Stability Conditions 

On the particular selected frequency, stability conditions like stability factor K has to be 

checked which should be greater than 1 and magnitude of D should be less than 1. In case 

of the error, stable region has to be found by using methods like smith chart.  Input and 

output stability circle has to be drawn on the chart and from that, stable region can be 

found.  

Step 5: Design Matching Circuit 

The matching network should be designed based upon the gain and noise requirements of 

the amplifier. 
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This gives us 2 cases: 

A. If S12=0, then unilateral design formulas are used.  

B. If S12≠0, first the unilateral figure of merit is calculated and in case of error 

range being small, unilateral design formula is used. Otherwise bilateral design formula is 

used.  

Step 6: Amplifier Circuit Design Based on the type of Amplifier, design input and output 

matching networks. 

A. Narrow-band Amplifier design (NBA) 

B. High-gain amplifier design (HGA) & Maximum-gain amplifier design (MGA) 

C. Wide-band Amplifier design (WBA) 

D. Low-noise amplifier design (LNA) & Minimum-noise amplifier design (MNA) 

  

2.4 Stability 

            For designing the LNA, S-parameters of a transistor are selected from the data 

sheet (Avago technologies VMMK-1218). Stability check has to be done to ensure that 

the transistor is unconditionally stable or conditionally stable. 

Stability is checked by using the formulae: 

K=
1−∣𝑆11∣2−∣𝑆22∣2+∣Δ∣2

2∣𝑆11𝑆22∣
 

Δ=𝑆11𝑆22 − 𝑆12𝑆21  

If K > 1 and Δ < 1, it is unconditionally stable. 

Otherwise, if K < 1 and Δ >1 it is conditionally stable. 
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2.5 Gain 

Gain in an amplifier plays an important role in the design process. If we want to 

use the unilateral assumption and unilateral gain equations, two cases have to be 

considered: 

1) If S12 = 0, then unilateral design formulas have to be used.  

2) For S12 ≠ 0, the unilateral figure of merit (U) has to be calculated and the error range 

has to be found and if it is very small, then unilateral assumption is 

used. Otherwise, bilateral design formulas are used. 

 

Error Range 

We need to determine the error involved in our analysis by checking the unilateral figure 

of merit (U). The unilateral design formula has to be used to find the error range. 

U =  
|S12||S21||S11||S22|

(1 − S11
2) (1 − S22

2)
 

 

1

(1 + 𝑈)2
<

𝐺𝑇

𝐺𝑇𝑈𝑚𝑎𝑥
<

1

(1 − 𝑈)2 

 

When the transistor is unilateral, then the equations simply as follows: 

ҐIN = S11
* 

ҐOUT = S22
* 

In this case, the condition provides the maximum transducer gain (GTU, max): 

GTU max = GS max GO GL max  
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Where  

Gs=  
1−|Γ𝑠|2

|1−Γ𝐼𝑁Γ𝑠|2
 

𝐺𝑂 = |𝑆21|2 

𝐺𝐿 =  
1 − |Γ𝐿|2

|1 − S22Γ𝐿|2
 

 

2.6 Matching Circuit Design 

In the current network design, we compromise between the noise and gain since 

our main motto is to obtain a low noise figure and high gain respectively. When 

designing the circuit, allotted gain values for input matching network (GS) as well as 

output (GL) and the transistor gain (GO) have to be allotted accordingly. Then we draw 

the input and output gain circles along with the noise figure circles on same smith chart. 

To obtain the desired noise figure circle, gain circle intersecting points have to be 

perfectly selected. 

To design the matching networks we need to plot Γs  for the input matching 

network and ΓL for the output matching network. 

 

Figure 5 DESIGN OF MATCHING NETWORK 
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CHAPTER 3. DESIGN PROCEDURE 

Using the transistor data sheet, S-parameter, Fmin and Γopt were selected at a frequency of 

17GHz. 

S11 = 0.8 113.80 
o
  S12=0. 06 -46.49

 o
 

S21=2.00-8.47
 o

   S22=0.35-174.07
 o

 

Fmin=1.13dB 

Γopt=0.56-132.9 

 

Table 2 S-parameter FROM DATA SHEET 
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3.1 Stability check 

 At a selected frequency, check whether K>1 and Delta<1. If it doesn’t meet the 

requirements then find the stable region using smith chart by drawing the stability circles. 

K=
1−∣𝑆11∣2−∣𝑆22∣2+∣Δ∣2

2∣𝑆11𝑆22∣
 

   =
1−∣0.8∣2−∣0.35∣2+∣0.164∣2

2∣0.8∗0.35∣
 

   =1.033>1 

Δ=𝑆11𝑆22 − 𝑆12𝑆21 

  = (0.8114
 o
) x (0.35-174

 o
) - (0.06-47

o
)x(2.00-9

o
) 

  = 0.1643-6
 o
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3.2Minimum Noise Amplifier 

MNA is a special case of the low noise amplifier to achieve minimum noise figure 

level. In the MNA stage, the noise figure is obtained when  Γs =  Γ0pt , which gives a 

noise figure equal to the Fmin 

Γopt= Γs=0.56-132.9
 o

 

ΓL= Γout
*
=(𝑆22 +

𝑆12𝑆21Γopt

1−s11Γopt
)*

 

    = (0.35-174
 o
 +

(0.06−47𝑜)x(2.00−9𝑜)x(0.56−133𝑜)

1−(0.8114𝑜)x(0.56−133𝑜)
)*

 

     =(0.35-174𝑜+
0.067172𝑜

0.59514𝑜
)*

=(0.35-174𝑜+0.112158𝑜)
*
=0.45-179𝑜 

3.2.1 Gain Calculation 

GL=
1

∣1−Γs∣2
  ∣𝑆21∣2    1−∣ΓL∣2

∣1−S22xΓL∣2
   

     =
1

∣1−0.56∣2
  ∣2∣2    1−∣0.452∣2

∣1−0.35x0.452∣2
       =

1

0.1936
 x 4x

   0.796

0.71
   

     =3.16x4x1.13 

    = 11.23=10.1dB 
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3.2.2 INPUT & OUTPUT MATCHING FOR MNA. 

For input matching network, we use ΓS. And for an output matching network, we use ΓL
*
. 

 

Figure 6 SMITH CHART MATCHING NETWORK FOR MNA 
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Input matching for MNA: 

j ω cshunt = 
𝑗1.42

50
 

Cs =
𝑗1.42

2𝑥𝛑𝐱50𝑥17𝑥10 9
 

Cs= 2.6588x10-13 

Cs= 0.26588 pF 

j ω Lseries = j0.01x50 

Ls=
0.07𝑥50

2𝑥𝛑𝐱17𝑥10 9
 

Ls =3.27x10-11 

Ls =0.0327nH 

 

Output matching for MNA: 

1

j𝛚Lshunt
=

−𝑗1.3

50
 

Ls=
50

1.3𝑥2𝑥𝛑𝐱𝟏𝟕𝐱10 9
 

Ls=3.6x10
-10

 

Ls=0.36nH 

1

j𝛚Cseries
=-j0.5x50 

Cs=
1

0.5x50x2x𝛑𝐱𝟏𝟕𝐱10 9
 

Cs=3.744x10
-13 

Cs=0.3744pf 

 

Figure 7 MATCHING NETWORK FOR MNA 
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3.3 Maximum Gain Amplifier 

MGA is a special case of high gain amplifier, used in the second stage of LNA to 

meet maximum possible gain for the amplifier. 

3.3.1 Gain Calculation 

G Tu max=G s max Go GL max 

G s max =
1

1−∣𝑆11∣2   
 = 2.777  

Go      = ∣ 𝑆11 ∣2   = 4 

GL max = 
1

1−∣𝑆22∣2   
= 1.14 

G Tu max =11dB. 

Now we have to calculate the noise figure of the Maximum Gain Amplifier 

From the data sheet of the transistor we have: 

rn =  
Rn

Zo
= 0.08 

Fmin= 1.18dB 

F =  Fmin +
4rnN

|1 + Γopt|
2 

N =  
|Γs − Γopt|

2

1 − |Γs|2
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Γs = S11
∗ 

ΓL = S22
∗ 

N =
|0.24|2

1 − 0.64
 

N = 0.16 

F =  1.3121 +
4(0.08)(0.16)

1.56
 

F =  1.345 =  1.28dB 

3.3.2 Unilateral figure of merit 

If the error range is less than ±0.5dB, then we can choose the unilateral figure to find the 

error of the designed amplifier.  

By using the formulae: 

U=
∣𝑆11∣∣𝑆21∣∣𝑆12∣∣𝑆22∣

(1−∣𝑆11∣2)(1−∣𝑆22∣2)
 

   =
∣0.8∣∣2∣∣0.06∣∣0.35∣

(1−∣0.8∣2)(1−∣0.35∣2)
    =

0.0336

0.316
   =0.106 

1

(1+U )2
  =0.817 

1

(1−U )2
=1.251 

0.817 < Range < 1.251 

-0.87 dB < R < 0.97 dB 
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3.3.3 INPUT & OUTPUT MATCHING FOR MGA 

For input matching network, we use ΓS as conjugate of S11
*
. And for an output matching 

network, we use ΓL as conjugate of S22
* 

 

Figure 8 SMITH CHART MATCHING NETWORK FOR MGA 
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INPUT MATCHING FOR MGA: 

1

j𝛚Cseries
=j0.036x50 

Cs=
1

0.036x50x2x𝛑𝐱𝟏𝟕𝐱10 9
 

Cs=5.2x10
-12 

Cs=5.2pf 

 

j ω cshunt = 
𝑗2.1

50
 

Cs=
𝑗2.1

2𝑥𝛑𝐱50𝑥17𝑥10 9
 

   =3.932x10
-13 

    =0.393 pF 

OUTPUT MATCHING for MGA: 

 

1

j𝛚Cseries
=-j0.5x50 

Cs=
1

0.5x50x2x𝛑𝐱𝟏𝟕𝐱10 9
 

Cs=3.744x10
-13 

Cs=0.3744pf 

1

j𝛚Lshunt
=

𝑗1

50
 

Ls=
50

1𝑥2𝑥𝛑𝐱𝟏𝟕𝐱10 9
 

Ls=4.681x10
-10

 

Ls=0.468nH 

 

 

Figure 9 MATCHING NETWORK FOR  MGA 
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3.4 Overall Gain  

Overall gain = gain of first stage MNA (dB)+ gain of second stage MGA (dB) 

          = 10.09dB+11dB 

             =21.09dB 

 

3.5 Noise Figure for Cascaded Amplifier 

The overall noise figure of the two stage amplifier calculated as below: 

F1 = Noise figure of first stage (MNA) = 1.3121 = 1.18dB 

F2 = Noise figure of second stage (MGA) = 1.345 =  1.28dB 

F total=F1+
F2−1

G1
=1.3121+

0.345

10.23
 

Thus,we have 

Ftotal = 1.345=1.28dB 

Overall F = 1.28dB. 
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 CHAPTER 4. SIMULATION & RESULTS 

4.1 VMMK-1218 Transistor 

 After a lot of research I have chosen this transistor. We established an E-PHEMT FET 

from the Avago Technologies using VMMK-1218 transistor. It is an  LNA with high gain and 

low noise design. The transistor is operated at optimal Q point as VDS=3Vand IDS=20 mA. 

  

 

Figure 10  VMMK-1218 TRANSISTOR IN ADS 
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4.2 First-stage of Minimum Noise Amplifier Design 

The first stage of MNA is designed analytically using a Smith chart. Both the input 

matching and output matching networks consist of inductors and capacitors respectively. The 

values are calculated analytically using MATLAB and RFMW design essentials.  Later it is 

implemented and verified by using ADS simulation.  The calculation of this design must match 

the simulation result, i.e. NFmin should equal to Fmin and the power gain should be equal to gain 

calculation.   

K and Δ calculations are calculated manually and verified by using MATLAB simulation, 

which satisfy the stability condition.  

The operating temperature of this amplifier design is 16.85
o
C.  

 

 

Figure 11 USING ADS, SCHEMATIC OF MNA 
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4.2.1 Simulation Result for MNA 

 The simulation output graph gives the gain as 10.01dB, NFmin as 1.180dB and input and 

output VSWR values as 5.313 and 1.032. 

 

Figure 12 POWER GAIN Vs FREQUENCY MNA 

 

 
Figure 13 NFmin Vs FREQUENCY MNA 
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Figure 14 INPUT VSWR Vs FREQUENCY MNA 

 

 

Figure 15 OUTPUT VSWR Vs FREQUENCY MNA 
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4.3 Second-Stage of Maximum Gain Amplifier 

Similarly, the second stage of MGA is designed using smith charts and subsequently 

implemented by ADS. The calculation of this design almost matches with the simulation result, 

i.e. the power gain is equal to gain calculation. The design simulation is set to a temperature at 

16.85
o
C. 

 

 

 

Figure 16 USING ADS, SCHEMATIC OF MGA. 
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4.3.1 Simulation Result for MGA 

 The simulation output graph gives the gain as 10.153dB, NFmin as 1.180dB and input and 

output VSWR values as 4.268 and 1.551. 

 

Figure 17 POWER GAIN Vs FREQUENCY MGA 

 

Figure 18 NFmin Vs FREQUENCY MGA 
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Figure 19 INPUT VSWR Vs FREQUENCY MGA 

 

 

 

Figure 20 OUTPUT VSWR Vs FREQUENCY MGA 
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4.4 Cascading Two-Stage Amplifier using ADS 

 Using ADS, combining the first stage MNA and second stage MGA together and 

cascading as two stage amplifier design, is done. The design simulation is set to temperature at 

16.85
o
C.  

 

 

Figure 21 SCHEMATIC OF TWO STAGE AMPLIFIER. 
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4.4.1 Simulation Result for TWO-STAGE AMPLIFIER 

 The overall simulation result of cascading the two stage amplifier as the NFmin=1.292 and 

overall gain = 20.242 dB. 

 

Figure 22 POWER GAIN Vs FREQUENCY LNA 

 

Figure 23 NFmin Vs FREQUENCY LNA 
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Figure 24 INPUT VSWR GAIN Vs FREQUENCY LNA 

 

 

Figure 25 OUTPUT VSWR GAIN Vs FREQUENCY LNA 
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CHAPTER 5. CONCLUSION 

 

Our two stage amplifier is designed for a gain of 20dB and a noise figure of 2dB. The 

simulation results indicate that we have received satisfactory results.  

The first step of the design is to ensure that the transistor (VMMK-1218) is un-

conditionally stable at 17 GHz. To realize the low noise amplifier, we have used passive lossless 

elements for the design of matching networks. 

We obtain a noise figure of 1.27 dB which is lower than the specified value and a gain of 

21.09dB which is higher than the specified value. This proves that our goals were achieved in a 

very efficient way. 

 

Specification Goal Hand 

Calucation 

MATLAB 

Simulation 

ADS  

Simulation 

Frequency (GHz) 17 17 17 17 

Total Gain(dB) 20 21.09 21.03 20.242 

Noise Figure (dB) 2 1.28 1.26 1.292 

 

 Table 3 OBTAIN VALUES  
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Appendix A: RF/MICROWAVE E-BOOK 

Other alternative methods that can be used to verify the calculation by using RF/Microwave E-

book by Dr. Matthew Radmanesh.

 

Figure 26 MAIN MENU 
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Figure 27 SPECIFICATIONS 
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Figure 28 STABILITY CHECK USING THE E-BOOK 

As the K>1 and Delta <1, It is unconditionally stable 
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Figure 29 GAIN CALUCATIONS 
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Appendix B: MATLAB CODE 

magS11=input('magS11'); 

angS11=input('angS11'); 

magS12=input('magS12'); 

angS12=input('angleS12'); 

magS21=input('magS21'); 

angS21=input('angleS21'); 

magS22=input('magS22'); 

angS22=input('angleS22'); 

magGammaOpt=input('magGammaOpt'); 

angGammaOpt=input('angGammaOpt'); 

[f11 g11]=pol2cart(angS11*pi/180,magS11); 

S11=f11+g11*i; 

[f21 g21]=pol2cart((360+angS21)*pi/180,magS21); 

S21=f21+g21*i; 

[f12 g12]=pol2cart((360+angS12)*pi/180,magS12); 
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S12=f12+g12*i; 

[f22 g22]=pol2cart(angS22*pi/180,magS22); 

S22=f22+g22*i; 

[f g]=pol2cart((360+angGammaOpt)*pi/180,magGammaOpt); 

Gammaopt=f+g*i; 

d= abs(S11*S22-S12*S21) 

x= ['d ',num2str(d)] 

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

x= ['K ',num2str(K)] 

Gammas = Gammaopt; 

x=['Gammas',num2str(Gammas)] 

GammaL=conj(S22+((S12*S21*Gammaopt)/(1-(S11*Gammaopt)))); 

x=['GammaL',num2str(GammaL)] 

maxgain= 1/(1-(abs(S11*S11)));  

x=['maxgain',num2str(maxgain)] 

gaindB=10*log10(maxgain); 
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x=['gaindB=',num2str(gaindB)] 

Go=(abs(S21*S21)); 

x=['g0=',num2str(Go)]; 

GodB=10*log10(Go); 

x=['GodB',num2str(GodB)] 

maxGl=1/(1-(abs(S22*S22))); 

x=['output maxgain=',num2str(maxGl)] 

GlindB=10*log10(maxGl); 

x=['gl in dB',num2str(GlindB)] 

Transgain =(gaindB+GodB+GlindB); 

x=['maximum gain=',num2str(Transgain)] 
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Result  of MATLAB 

magS11 - 0.8 

angS11 - 113.7 

magS12 - 0.06 

angleS12- -46.4 

magS21- 2 

angleS21 - -8.47 

magS22 -  0.35 

angleS22- -174.07 

magGammaOpt - 0.56 

angGammaOpt-  -132.9 

 

d = 

    0.1610 

 

K= 

 1.0975 

 

Gammas 

-0.3812-0.41022i 
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GammaL 

-0.4527-0.0062929i 

Gain values 

maxgain2.7778 

gaindB=4.437 

GodB= 6.0206 

 

maximum gain=11.0251 
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Appendix C: Data Sheet 
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