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Abstract: - This article presents performance analysis and mathematical modeling of pHEMT based transistor from FET family 

utilizing AWR microwave office tool. In this work the performance of pHEMT based transistor (proposed model) on the basis of 

Gain, Noise Figure, S-parameter and Stability is compared with conventional transistor model without lumped elements at high 

frequency. By differing outside components of a proposed transistor without changing its proportional circuit components, 

improved transistor model has designed which has better circuit estimations at microwave range. The pHEMT based transistors 

have numerous applications in different microwave spaces, such as wideband radio astronomy application, Square kilo meter 

array (SKA) application, cryogenic broadband ultra-low noise MMIC applications, Low noise amplifier, RADAR and many more 

applications. 
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I. INTRODUCTION    

 

Device modeling is an important aspect of circuit 

simulation. The most common way in modeling FETs is 

the use of an equivalent circuit. With the demands for 

higher performance, rapid prototyping, as well as lower 

cost for such systems and circuits, computer aided design 

(CAD) and simulation tools together with models for 

circuit elements have become increasingly important. To 

predict intermodulation, output power and efficiency etc., 

with high accuracy, a good nonlinear model for the 

transistor is required. The aim of this paper is to build a 

small signal model for high frequency microwave 

applications, where transistors are excited with varying 

terminal voltages. If the excitations are small enough, the 

nonlinear operation of the device can be linearised at the 

operating point. Such an operation can be modeled by an 

equivalent circuit called small signal model [10]. It consists 

of linear elements like resistors, transconductors, 

capacitors, etc., to represent the small signal currents and 

charges in the device. In this work pHEMT model is used 

due to its special features like pHEMTs offer smaller bias 

sensitivity of noise performance than MESFETs, power 

back off, better linearity performance, high gain up to 

millimeter-wavelengths, good noise and power 

performance and good reliability characteristics[7]. 

 

 

 

 

II. COLLECTIVE RESEARCH BACKGROUND 

 

In this section few researches have presented. O.J. Xian, N. 

Ahmad, M. Mohamad Isa, Siti S. Mat Isa, Muhammad M. 

Ramli, N. Khalid, N.I. M. Nor, S.R.Kasjoo and M. 

Missous.et.al, [7] in this work, InGaAs/InAlAs/InP pHEMT 

sample #XMBE141 is used. Under this group of pHEMT, 

there are three transistors with different gate width have 

been selected to model. They are 4 x 75 µm, 4 x 100 µm and  

4 x 200 µm with 1 V 10%, 1 V 20%, 1.5 V 10% and 1.5 V 

20%  biasing. Therefore, there is a total number of twelve 

small signal models are modeled. The frequency range of 

interest is from 200 MHz to 10 GHz. Shakti Tripathi, Gurjit 

Kaur. et.al, [8] presents the values of s-parameters show that 

the impedance matching of the network is done successfully. 

The GaN HEMT exhibits fine operation in the frequency 

range of 1 GHz to 50 GHz. The values of noise figure and 

noise factor suggest that the transistor is highly immune to 

noise in the selected frequency range. D.Resca, A.Santarelli, 

A.Raffo, R.Cignani, G.Vannini, F.Filicori. et.al, [9] 

described that EM based identification of distributed 

parasitic leads to an intrinsic device which is physically 

consistent and can be accurately described by using a 

conventional equivalent circuit model. Z. Hemaizia, N. 

Sengouga& M. Missous. et.al, [2] this work presented a 

direct extraction method of the elements of small signal 

equivalent circuit of two transistors PHEMT one on the 

GaAs substrate and the other on the InP substrate of which 

the length and the width of the gate respectively 1µm and 

200 µm. This modeling is essential for any active or passive 

component and which precedes any design of a radio 

frequency circuit. Andreas R. Alt, Diego Marti, and C.R. 
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Bolognesi.et.al, [10] in this work, a detailed review of the 

HEMT SSEC (small signal equivalent circuit) models was 

given. A new extrinsic SSEC was then introduced to 

properly describe pad capacitances on various substrates 

and buffer materials, regardless of their residual 

conductivity. 

III. METHODOLOGY 

 

In this section proposed model block diagram and 

equivalent circuit of proposed model and conventional 

transistor with their descriptions are shown. Fig. 1 shows 

the overall flow of small signal modeling process of 

pHEMT based transistor. Overall, there are five steps to be 

performed in this small signal modeling process. 

A. Proposed model 

 
Fig. 1 Overview of small signal modeling of pHEMT 

based transistor 

B. Model description                                                         

There is a network of lumped elements as extrinsic circuit, 

in which capacitor and inductor are connected in series to a 

gate terminal, a capacitor to a drain terminal and source is 

grounded. Similarly, there is an intrinsic element network 

where the topology of small-signal model for AlGaN/GaN 

HEMTs is shown in fig 3. The main nonlinear elements of 

the model consist of the nonlinear drain-source current Ids, 

the gate-source capacitor Cgs, and the gate-drain capacitor 

Cgd. The gate-source and gate-drain diode characteristics 

are modeled using the Schottky ideal diode, equation (19) 

[18].The parameters of the diodes were extracted from 

forward bias IV measurements (not to damage the gate 

terminal due to excessive forward current). 

        
  

      .                  

                  (19) 

C. Mathematical Modeling 

I/V Characteristic: 

                                                  (1) 

Where,                                       (2) 

Breakdown is modeled by modifying Vg as follows: 

                                            (3) 

The B1 and B2 terms are not in the original model.  

They promote a simpler expression for soft breakdown 

[13]. 

 

Capacitances: 

                                           (4)                                                                                                                  

Where, 

                             (5) 

                        (6)         

       

                                              (7)

                      

Where, 

                        (8) 

                                 (9)

           

Charge Function: 

                             
 

   
                         (10)        

                             -
    

   
                         (11)

               

Gate-to-drain and gate-to-source diodes are modeled by 

PNIV (diode junction) elements. 

Parameter Scaling: 

    
       

                      (12) 

    
  

    
                 (13) 

    
  

    
                  (14)
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                              (16)

                    

                                           (17)         

         

                               (18)      

         

Input impedance:  

           =          =      
 

  
               (19) 

Output impedance: 

      
 

  
                                              

(20)                                

VSWR: (Voltage standing wave ratio) 

Γ =
        

          
= VSWR=

           

          
 = 

             

             
 at input port                

       

   
            

            
 At output port                                (21) 

                          (2  

Where, 

P1, P2, P3= I/V polynomial coefficient   

Extrinsic 
parameter 
extraction 

Intrinsic 
parameter 

mathematical 
extraction  

Small 
Signal 
model 

Tuning 
Final 

transistor 
model 
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B1, B2= Soft breakdown polynomial coefficient 

VdB =Sub threshold voltage parameter 

Vpk=Gate voltage at peak Gm 

Alpha (α) =Drain I/V knee parameter 

(λ) =Drain-source resistance parameter 

Ipk= Current at peak Gm (50mA) 

CGS0 =Gate-source capacitance parameter 

P10, P11, P20, P21= Gate-source capacitance polynomial 

coef. 

Cgd =Gate-drain capacitance parameter 

P30, P31, P40, P41, P400= Gate-drain capacitance 

polynomial coef. 

AFAC=Gate width scale factor 

NFING=Number of fingers scale factor 

CDSF=Capacitance that determines Rds break frequency 

RDSF=RF drain-source resistance 

ᴦ= Reflection coefficient  

S11= Input port voltage reflection coefficient 

S12=Reverse voltage gain 

S21=Forward voltage gain 

S22=Output port voltage reflection coefficient 

 
Fig.2 Conventional transistor model without extrinsic 

element 

 
Fig.3 Proposed Model 

 

IV. RESULT 

 

In this section, four major measurements such as Gain, 

Stability, and S-parameter and Noise figure of a transistor 

have shown graphically.   

 

 
(a) 

 
(b) 

 
(c) 
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(d) 

Fig 4: (a) Gain, (b) NF(Noise figure), (c) S-parameters, 

(d) Stability of proposed model in dB at 1-2GHz 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig 5: (a) Gain, (b) NF(Noise figure), (c) S-parameters, (d) 

Stability of conventional model in dB at 1-2GHz 

 

Below is the table of comparison between proposed model 

and conventional model on the basis of Gain and stability. 

This comparison shows the proposed model a better 

transistor design with respect to Gain measurement. 

 

Table 1. Comparison between measurements of proposed 

model and conventional model 

 
The fig.4 shows the experimental values of Gain, Stability, 

Noise figure and S-parameters, where Gain is 18.53 dB at 

2GHz that is it is increasing with frequency. For a good 

transistor Gain should be high. Noise figure is minimum for 

2 GHz frequency; it should have minimum value for better 

transistor functioning. For good S-parameter (Scattering 

parameters) data the following conditions must be satisfied: 

- For passive reciprocal parts, S12 must equal S21. For 

passive parts, S12 and S21 can't be greater than 0 dB, where 

the parameters S11, S22 have the meaning of reflection 

coefficients, and S21, S12, the meaning of transmission 

coefficients. These conditions are satisfying with proposed 

model circuit at 2 GHz frequency. At microwave frequency 

stability of a transistor should be near to unity, in this work 

the value of stability is near to unity which is satisfactory at 

2GHz frequency with the proposed model. The performance 

of a good transistor depends on S21 parameter which leads 

to high complex linear gain and scalar linear gain, equation 

(22). A higher ratio of VSWR, equation (21) depicts a larger 

mismatch, while 1:1 ratio is perfectly matched. This match 

or mismatch arises from the standing wave's maximum and 

minimum amplitude. Now, the fig.5 shows the gain of 

9.0419dB at 1-2GHz frequency which is less than gain of 

the proposed model.  
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V. CONCLUSION AND FUTURE WORK 

       

An equivalent circuit transistor device demonstrates in the 

light of a simulation and mathematical portrayal of 

extrinsic and intrinsic components. An established 

comparable equivalent circuit small-signal model has 

been extracted starting from a linear parasitic network. The 

outcomes demonstrate gain, noise figure, s-parameter and 

stability of a transistor model. The intrinsic device which is 

precisely portrayed by utilizing a conventional equivalent 

circuit model. The better fitting of the intrinsic device and 

the good scaling properties with respect to an equivalent 

circuit model based on lumped elements have been 

illustrated. The future work will be to estimate better 

results and mathematical analysis in terms of linear and 

nonlinear parameters. In contrast with the proposed model, 

industrial models will be focusing on the projection of 

transistor fabrication. 
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