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ABSTRACT 

 
In this paper, a maximum gain and low noise amplifier using S parameter for field effect transistor (FET) 

devices using avago technologies (ATF 36077) was designed and simulated. The low noise amplifier (LNA) has 

a VDS of 1.5V and IDS of 10Ma. The design specifications consist of 5.0 GHz operating frequency, microstrip 

line with substrate Ԑr=4.5, thickness of 1.6 mm and tangent loss of 0.019. High Electron Mobility Transistor 

(HEMT) was used. Advanced design system (ADS) software was used for the design and simulation process. 

The maximum available gain, the associated power gain when the input matched for the minimum noise figure 

and Gain of transistor (S21) in dB were 12.912 dB, 10.714 dB and 9.033 dB respectively when operating at 5 

GHz. 
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1. INTRODUCTION 

One of the blocks in the communication process 

from transmitter to receiver is a Low Noise 

Amplifier (LNA) that located at the front end of the 

system. The LNA operates like a power amplifier in 

the transmitter which is amplifying the received 

signal; simultaneously will minimize the noise of 

the received signal. As shown in Fig 1, it shows that 

the location of the block diagram of the LNA in the 

communication process and the noise figure of the 

LNA performance will give a significant impact on 

the wireless communication (Hanil & Saeed, 2006). 

Microwave transistor amplifiers are low cost, 

rugged, and reliable and can easily be integrated in 

hybrid and monolithic integrated circuitry. The 

design techniques used for bipolar junction 

transistor (BJT) and FET amplifiers uses the full 

range of concepts developed in the study of 

microwave transmission line, two port networks 

and smith chart presentation. The discussion of 

transistor amplifier design will rely on terminal 

characteristics represented by S-parameters. To 

amplify the received signal in a microwave system, 

a microwave amplifier is required.  

 
Figure 1. Block diagram of the transmitter and 

receiver of the wireless communication system 

The reduction in the signal due to power dissipation 

in circuit components and losses during 

transmission, reception should be compensated by 

use of device that will provide satisfactory gain to 

receiver circuit. It becomes competitive technology 

for radio transceiver implementation of various 

wireless communication systems, due to technology 
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scaling, high level of integrity and lower cost. As 

the noise figure of the receiver was dominant by the 

first stage of the amplifier, the performance of the 

low noise figure gives a significant impact on the 

overall of the receiver wireless system. (Yanjie, 

Zamin, & Kris, 2005). 

(Molavi,Mirabbasi,&Hashemi, 2005) designed a 

wideband LNA based of the extended (Power 

Constrained Simulation Noise and Input matching) 

method. Previously this is used only for the narrow 

band applications. In this paper two LNA design are 

given for the frequency band of 1.5GHz- 2.6GHz 

and 3.2GHz-4.8GHz and implemented using 

0.18μm CMOS technology. Good Noise 

performance and input matching are achieved. 

(Qiang Li, & Yue Ping Zhang, 2007) proposed the 

modified noise sensing and cancelling technique. In 

this paper the current reuse stage implemented for 

gain compensation and the capacitive peaking used 

for the bandwidth enhancement. The results are 

acceptable for noise performance, gain and input 

matching with cost of poor linearity. (Yu-Tsung Lo, 

& Jean-Fu Kiang, 2011) implements common 

source and common gate with parallel to series 

resonant matching network. The paper presented 

two different LNA, one for ultra-wideband 3.1GHz 

-10.3GHz and other for 14.3GHz -29.3 GHz. 

moderate input matching and good noise 

performance was achieved. (Xuelian Liu & John 

Mcdonald, 2012) proposed noise cancelling 

architecture for the frequency band 0.6GHz - 6GHz 

where noise figure (NF) for the lower band and gain 

for the upper band is moderate.( C.W. Kim, & M.S. 

Kang, 2005) implemented 2-4.6GHz wideband 

LNA using single ended with series resistor 

capacitor (RC) feedback architecture. Good noise 

figure and low power dissipation with low Gain is 

achieved.

 

2. MATERIAL AND METHODS 

The schematic of the proposed maximum gain LNA 

is demonstrated in figure 2.The design 

specifications consist of 5 GHz operating 

frequency, microstrip line with substrate Ԑr=4.5, 

thickness of 1.6 mm and tangent loss of 0.019. 

Careful and proper selection of transistor for each 

amplifier design is really important and is of great 

significance. The biasing point is chosen in such a 

way that it will keep the transistor in active mode 

for different forms of circuit technique. The first 

step in design an amplifier circuit is checking the 

stability of the active device i.e unconditionally 

stable or conditionally stable.  

In a two-port network, oscillations are possible 

when either the input or the output port presents a 

negative resistance. This occurs when |ΓIN|> 1 or 

|ΓOUT|> 1, which for a unilateral device (S12 ≅ 0) is 

when |S11 |> 1 or | S22| > 1. But in practical cases S12 

is not equal to 0 and thus the unilateral assumption 

cannot be made.  

A two-port network is said to be unconditionally 

stable at a given frequency if the real parts of ZIN 

and ZOUT are greater than zero for all passive load 

and source impedances. For bilateral cases (S12 not 

equal to 0) the condition K > 1 is only a necessary 

condition for unconditional stability where K is the 

Rollet’s factor or stability factor.  

Stability of a transistor given as K is calculated as 

follows: 

3. 

 

  Where  

     

If  ∆<1 and K>1, then the device will be 

unconditionally stable for any combination of 

source and load impedances. If K<1 then it is 

potentially unstable but this situation holds than 

2 2 2

11 22

12 21

1

2

S S
K

S S

   


11 22 12 21S S S S  

(1) 

(2) 



   ISSN: 2449 - 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.14 NO.1, FEBRUARY, 2019 

 

Musa et. al.  Bayero Journal of Engineering and Technology Vo 14 No. 1 page 78 -84  (2019 )             80 

 

there are several approaches and steps can be taken 

to complete the design.  

This is a necessary step because different conditions 

require the appropriate design method. It is possible 

to calculate potentials instabilities in transistors 

even before an amplifier is built. This calculation 

serves as a useful approach in finding a suitable 

transistor for a particular application. Among the 

goals of the designer is to achieve unconditionally 

stability of the circuit. Unconditional stability 

means that any load present at the output of the 

device the circuit will not oscillate. 

With s-parameter, there is no need to present a short 

circuit to the two-port device. Instead, the network 

is always terminated in the characteristic impedance 

of the measuring system. The S-parameters of 

Avago Technologies’s ATF-36077 transistor at 

5GHz with Zo of 50Ω is given in the table 1.  

 

Table 1: S-parameters 

S-parameter  Magnitude  Angle 

S11 0.860 -79.0 

S21 4.357 102.0 

S12 0.063 33.0 

S22 0.530 -66.0 

 

2.1 Stability of the amplifier 

From calculations using equation (1) and (2), delta  

|∆| =0.407 ∠53.55 and K=0.264. Since K<1 and 

|∆|<1, hence the transistor is potentially unstable.   

 

2.2 Stability circles of the amplifier 

Stability circles defines as the loci of the ГS and ГS 

for which the |Гin| = 1 and Гout| = 1. The output of 

the stability circles with the centre of CL and radius 

RL are 

Defined as: 

 
*

*

22 11

2 2

22

L

S S
C

S

 


 
  

 

12 21

2 2

22

L

S S
R

S


 
  

 
*

*

11 22

2 2

11

S

S S
C

S

 


 
  

12 21

2 2

11

S

S S
R

S


 
           

 

2.3 Source reflection and load reflection 

coefficient 

Bilateral case happened when the S12 ≠ 0 and this 

makes the Гin affected by the Гout and vice versa. 

Due to this affecting, the input and output section 

need to be simultaneously matched. Then, the 

reflection coefficient looking toward the source and 

load are stated as follows  

Stability circles define the boundary between stable 

and potentially unstable. To determine these 

boundaries, we will set  Гin = 1
 
or  Гout = 1 and 

draw these curves. 
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2.4 Amplifier gain  

In a two-port network the power gain is the ratio of 

power dissipated in the load ZL to the power 

delivered to the input of the two port network. The 

gain is independent of ZS although some active 

circuits are strongly dependent on ZS. 

max
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2.5 Impedance matching of amplifier 

Impedance matching is a network placed between 

the input impedance with the transmission line and 

between output impedance with the transmission 

line. This matching is lossless to avoid unnecessary 

loss of power and usually impedance seen towards 

into the matching network of Zo was designed. The 

main reasons of design matching network is to 

maximum the power delivered from the source to 

the load and when the load is matched to the line 

simultaneously, it will minimize the power loss in 

the feed line of the amplifier. Transmission 

efficiency may reduce if the maximum power not 

transferred due to the load and waste of reflection 

from the load occurred when the transmission line 

not terminated with the characteristics impedance. 

Besides that, impedance matching can be sensitive 

receiver components in antenna and low noise 

amplifier and it will improve the Signal-to-Noise 

ratio (SNR) of the system. In power distribution 

network such as in the antenna array feed network, 

it can reduce the phase and magnitude of errors. 

Selecting the proper matching network in design is 

important as it may affect the performance of the 

system.(Dake,Hueng,&Wong,2007). 

 

Table 2 shows the design parameters obtained from 

calculations using the above formulas.  

 

Table 2: Design parameters 

 

 

Figure 2: circuit schematics 

Parameter  Magnitude  Angle 

Delta  0.4078 54.9550 

K 0.2642  

CL 2.8164 -76.0497 

RL 2.8311  

CS 1.2173 108.595 

RS 0.4789  

B1 1.2937  

B2 0.37569  

(15) 

(16) 

(17) 
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3. RESULTS AND DISCUSSION

The proposed RF/Microwave maximum gain LNA 

is designed using 5 GHz operating frequency, 

microstrip line with substrate Ԑr=4.5, thickness of 

1.6 mm and tangent loss of 0.019. The components 

values are listed in Table-2 are considered during 

the simulation. After the simulation, graphs of S 

parameters, gain, stability factor and stability circle 

shown in Figure 3, Figure 4 and Figure 5 

respectively.  

 
Figure 3: Graph of the maximum available gain, 

associated power gain and gain of transistor, S21 

(dB) against the frequency at 5 GHz. 

 

Based on Figure 3, the maximum available gain, the 

associated power gain when the input matched for 

the minimum noise figure, output then conjugately 

matched and gain of transistor (S21) in dB were 

12.912 dB, 10.714 dB and 9.033 dB. 

 

 

 
 

Figure 4: Graph of the stability factor, K against the 

frequency at 5 GHz 

Figure 4 shows the stability factor, K at the 5 GHz 

of the operating frequency. At this frequency, the 

stability factor value was 1.152, which greater and 

equal than 1. Then, the transistor was stable at this 

operating frequency. 

 

 

 

Figure 5: Stability circle at 5GHz 
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4. CONCLUSION 

In this paper, a maximum gain and low noise 

amplifier at 5 GHz using S parameter for FET 

devices using ATF-36077 was designed and 

simulated. A microstrip substrate was used for the 

design 5.0GHz operating frequency, microstrip line 

with substrate Ԑr=4.5, thickness of 1.6mm and 

tangent loss of 0.019. The LNA achieve a good 

power gain. The maximum available gain, the 

associated power gain when the input matched for 

the minimum noise figure and Gain of transistor 

(S21) in dB were 12.912 dB, 10.714 dB and 9.033 

dB respectively when operating at 5GHz. Next after 

adding the matching network, the forward gain 

increased to 18.651 while the noise figure dropped 

to1.361 

The simulation results have good assent with 

demand.
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