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Abstract –In the present paper, the possibilities of the PSpice 
simulator for statistical analysis are used to parameter extraction 
of RF transistor models. The measured S-parameters are 
introduced using frequency-dependent tables of EFREQ type. 
The error function is calculated using macro-definitions in the 
graphical analyzer Probe. The model parameters, which ensure a 
minimal error function, are also obtained in Probe. The 
implementation of the extraction procedure in the standard 
circuit simulator such as PSpice allows to use the extended 
possibilities of the input language for the RF model description, 
the powerful statistical simulation tool, as well as the goal 
function formulation and assessment in the graphical analyzer 
Probe. 
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I. INTRODUCTION 

The extended possibilities of general-purpose circuit 
simulators such as PSpice with respect to the input language, 
as well as the existence of powerful simulation tools, allow 
the application of such standard simulators to adequate 
modeling and simulation of electronic circuits. Behavioral 
SPICE models of high accuracy are developed, based on 
measured two-port parameters [1,2,3], as well as on datasheet 
parameters [4,5]. 

The high frequency transistor models are of great 
importance in computer-aided design of high frequency 
circuits. They allow the application of general-purpose circuit 
analysis programs for the RF circuit simulation in the 
frequency and in the time domains. A number of approaches 
are developed for the model parameter extraction using the 
measured two-port S-parameters, based on direct procedures 
[2,3,6,7], as well as on optimization parameter extraction 
procedures [8,9]. 

 In the present paper, the possibilities of the PSpice 
simulator for statistical analysis are used to parameter 
extraction of RF transistor models. The measured S-
parameters are introduced using frequency-dependent tables 
of EFREQ type. The error function is calculated using macro-
definitions in the graphical analyzer Probe. The model 
parameters, which ensure a minimal error function, are also 
obtained in Probe. The implementation of the extraction 

procedure in the standard circuit simulators such as PSpice 
allows to use the extended possibilities of the input language 
for the RF model description, the powerful statistical 
simulation tool, as well as the goal function formulation and 
assessment in the graphical analyzer. 

In this paper, a parameter extraction methodology is 
proposed for a simplified small-signal transistor equivalent 
circuit. The extraction procedure is realized using the OrCAD 
PSpice circuit simulator. The extraction procedure is realized 
based on the two-port S-parameters. 

II. EXTRACTION PROCEDURE USING MONTE CARLO 
SIMULATION 

The extraction procedure is realized using statistical 
analysis used as an optimization tool. The goal function is the 
difference between the measured S-parameters and the 
modeled S-parameters of the RF transistor equivalent circuit. 
The simplified small-signal equivalent circuit shown in Fig. 1 
is used, which is characterized by a good accuracy [8].  

The manufacturer’s S-parameters are measured at the 
corresponding bias point VCE and IC. The initial values for the 
parameters Gm , Rpi and Cpi are calculated using the transistor 
parameters β, fT, and the current IC using the equations [8]: 
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The phasors of the measured S-parameters are introduced in 
the PSpice model using frequency dependent sources of 
EFREQ type (Fig. 2). 
 

 
Fig. 1. Simplified small-signal RF transistor model 
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Fig. 2. Introducing the measured S-parameters in Capture 
 

  
a) b) 

Fig. 3. S-parameter determination of the RF transistor model 
 

a) 

 
b) 

Fig. 4. Equivalent circuit for tolerance definition of the Gm parameter 
 
The frequency dependences of the magnitude ijS& and the 

phase  are defined in the form of frequency-
dependent tables: 

2,1,),arg( =jiSij

        (frequency1, magnitude1, phase1) 
        + … 
        + (frequencyn, magnituden, phasen)   , 
where n is the number of frequency points. 

For example, the measured data for S21 of the transistor  
BFY90 in the frequency range 100MHz 500MHz at  
VCE = 10V and IC = 8mA, given in [8], are introduced in the 

model using the EFREQ element (Fig. 2c). The property 
TABLE has the form: 

÷

 
(100Meg,10.65,127) (200Meg,7.01,105) (300Meg,4.44,97) 
(400Meg,3.62,92) (500Meg,3.02,88)  
 
and the attribute MAGUNITS=MAG is selected. 

The S-parameters of the model are obtained in the form of 
node voltages of the circuit shown in Fig. 3, where 
Vg1=Vg2=1V [10]: 

 S11=V(1) ; S21=V(2) ; S12=V(1a) ; S22=V(2a) (2) 

The blocks BJT contain the small-signal equivalent circuit 
N shown in Fig. 1. 

The determination of the model parameters, which ensure 
the best fit of the simulated S-parameters to the measured 
data, is reduced to statistical optimization using Monte Carlo 
analysis of the OrCAD PSpice simulator. 

The parameters of the model elements are defined by 
tolerances and Monte Carlo simulation is performed. The 
difference between the measured and the simulated S-
parameters, is calculated in the graphical analyzer Probe and 
the error function ERR is obtained in the form: 
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where  and  are the magnitudes of the corresponding 
measured and simulated S-parameters.  
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The variant, which is characterized by a minimal RMS 
value of the error function ERR, calculated for the 
investigated frequency range, ensures the best fit of the model 
S-parameters to the measured data: 
 
 EPS=min(RMS(ERR)). (4) 

 
It is obtained using post-processing of the simulation results 

in the graphical analyzer Probe. In order to obtain all 
parameters , i,j=1,2 in Probe, the circuits in Fig. 3a and 
Fig. 3b are analyzed simultaneously. The corresponding 
parameter values of the model elements, participating in the 
blocks, are to be the same during Monte Carlo simulation. 
This is achieved by defining correlated (LOT) deviations for 
the parameter values of the model. The PSpice simulator 
allows to define tolerance deviations for the passive (R,L,C) 
elements, but not for the controlling parameters of the 
dependent sources. In order to define tolerance deviation for 
the parameter Gm of the model in Fig. 1, the voltage controlled 
current source (VCVS) is represented equivalently by the 
circuit shown in Fig. 4a. The tolerance of model parameter Gm 
is applied to the resistor Rm. The corresponding PSpice model 
of VCCS is shown in Fig. 4b. The PSpice realization of the 
small-signal equivalent transistor circuit is presented in  
Fig. 5a. It is defined in the form of block (Fig. 5b). 

)(m
ijS
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a) b) 
Fig. 5. PSpice realization of the small-signal RF transistor model 

 

           Frequency

100MHz 200MHz 300MHz 400MHz 500MHz
RES(Rpi,875)

25.0

27.5

30.0

32.5

35.0
(100.000M,31.043)

 
Fig. 6. Determination of Rpi value in Probe 

III. DETERMINATION OF ERROR FUNCTION IN THE 
GRAPHICAL ANALYZER PROBE 

The minimal value EPS of the error function (4) is obtained 
using post-processing of the simulation results in the graphical 
analyzer Probe. 

The following macro-definitions are used fir this purpose:  
*Determination of S-parameters 
S11 = 2*V(1)-1 
S22 = 2*V(2a) 
S21 = 2*V(2) 
S12 = 2*V(1a) 
*Determination of the error function  
E11 = RMS(M(S11)-M(V(S_11))) 
E21 = RMS(M(S21)-M(V(S_21))) 
E12 = RMS(M(M(S12)-V(S_12))) 
E22 = RMS(M(S22)-M(V(S_22))) 
EPS=E11+E12+E21+E22 

After selecting the best variant N, the extracted optimal 
parameter values can be obtained in Probe using predefined 
macros [10]. For the resistor element it is in the form: 

RES(RR,N)=M(V(RR:1,RR:2)@N/I(RR)@N) 
A Monte Carlo simulation is performed with 2000 runs. 

The best fit corresponds to N=876. The optimal value for Rpi 
is calculated using the macro-definition: RES(Rpi,875) 

The obtained value for Rpi in the graphical analyzer Probe 
is presented in Fig. 6. The predefined macro for the capacitor 
element is in the form 

CAP(CC, N)=I(CC)@N/(V(CC:1,CC:2)@N*2*pi*frequency)) 
The macro-definition for the controlling parameter of 

VCCS Gm has the form:  
GM(GG,N)=M(I(GG)@N/V(v1,v2)@N) 

where GG is the VCCS name and V(v1,v2) is the controlling 
voltage. 

As a result, the extracted parameter values of the model are: 
Rpi= 31.04Ω , Cpi=6.42pF, Gm=1mho, RB =10Ω,  RB1=20Ω,  
CB=2pF, RE=1.78Ω, Cpk2=2.2pF, LE=1nH, LB=0.04nH, 
Co=0.06pF, Ro=9.3Ω. 

The simulation results for S21 of the model shown in Fig. 1 
with initial parameter values of the circuit elements are shown 
in Fig. 7 together with the measured data. The simulation 
results for S21 with extracted parameter values of the model 
after optimization are shown in Fig. 8. It is seen that a good 
approximation is obtained applying the extraction procedure 
using statistical PSpice optimization. 

IV. CONCLUSION 

An extraction procedure for RF transistor model parameter 
determination has been proposed in the paper. The parameter 
extraction is reduced to statistical analysis using standard 
circuit simulators such as OrCAD PSpice. The error function 
and the extracted model parameter values are obtained in the 
graphical analyzer Probe. 
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Fig. 7. Simulation results for S21 with initial parameter values: 

1- measured  2 - simulated 
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Fig. 8. Simulation results for S21 with extracted  parameter values 

after optimization 
1- measured  2 - simulated  
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