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Abstract  —  This paper presents a nonlinear circuit 
simulation model for III-V Heterojunction Bipolar 
Transistors (HBTs), implemented using C code in the 
Agilent ADS circuit simulator as a User Compiled Model 
(UCM).  The UCM is based-on a recently developed 
compact large-signal model, which includes all physical 
effects taking place in power III-V based HBT devices.  The 
validity and the accuracy of the UCM are assessed by 
comparing its simulation results to both measurements and 
Symbolically Define Device (SDD) simulations in DC, multi-
bias small-signal S-parameters and large-signal microwave 
power characteristics for a 2x20 m2 emitter area 
InGaP/GaAs transistor.  

I. INTRODUCTION

Heterojunction Bipolar Transistors (HBTs) based-on 
III-V materials in particular GaAs have played a major 
role in power amplification for microwave and 
millimeter-wave applications such as handset phones and 
wireless local area networks, during these last years.  For 
designers of these circuits, it is imperative to use a 
reliable large-signal model, developed from the 
measurements under various bias conditions of the 
device, for accurate predictions of the circuit 
performances such as gain and distortion.  Also, accurate 
nonlinear models reduce the number of iterations in the 
product development cycle and give a wider insight of 
the working of the device and of its fabrication process. 
A correct prediction of gain and of transition frequency 
requires an accurate DC model including self-heating 
effect, Early and Kirk effects and the variation of the 
model parameters with temperature as well as a good 
modeling of the variation of the base emitter capacitance 
with bias.  A true perdition of distortion is related to the 
quality of the modeling of the inner and the outer base 
collector capacitances with bias.  The Spice Gummel-
Poon  (SPG) model [1] has served the industry as a 
modeling standard of silicon bipolar junction transistors 
(BJT), since the early 1970.  However, it is not 
sufficiently accurate for a low-risk design involving 
modern BJTs.  The vertical bipolar inter-company 
(VBIC) [2] model has been developed for modern bipolar 
junction transistors and to be as compatible as possible to 
the SGP model but improved over it in various aspects.  
Hence, the VIBC model satisfies to some extent the first 
requirement of an  accurate  device  model but stills  lack 
the description of the bias dependent elements with both 
current and voltage biasing. In most existing circuit 
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for all physical phenomena taking place in modern III-V 
HBT devices including charge accumulation 
implemented as transcapacitances.  The validity and the 
accuracy of the UCM are assessed by comparing its 
simulation results to both measurements and 
Symbolically Define Device (SDD) simulations in DC, 
multi-bias small-signal S-parameters and large-signal 
microwave power characteristics for a 2x20 m2 emitter 
area InGaP/GaAs transistor.

II. THE  MODEL

Fig. 1 presents the electrical equivalent circuit of the 
large signal model  on which the user-compiled model is 
based as well as the physical representation of each 
circuit element. The schematic of the developed user-
compiled model is shown in Fig. 2.  It consists of only 45 
parameters, whereas VBIC model has 95 parameters and 
it is capable of describing fully the large signal behavior 
of the III-V HBT devices. The equations upon which is 
built are differentiable everywhere for insuring 
robustness of the model convergence.   The DC modeling 
equations are based on the simplified relations presented 
in [4].  These relations are revised and are made more 
accurate and more appropriate for large signal modeling 
by including the temperature as well as the Kirk and 
Early effects.  An electrothermal circuit for self-heating, 
and modified equations for the ideality emission 
coefficients, thermal resistance and band gap energy 
versus temperature are also included.  In small signal 
mode, the model captures the variation of various AC 
capacitances with both bias voltage and bias current [5].  
The total transit time ( d) and the distributed base 
resistance (Rbb) are implemented using their mean 
values. The 45 model parameters can be extracted from 
DC and multi-bias s-parameters measurements [6], using 
a simple and systematic extraction procedure 
implemented in Matlab programming language.  

III. EXAMPLE OF SIMULATION RESULTS

The UCM is designed in the same spirit as the VIBIC 
model in such a way, if we neglect the improvements of 
the model; it can reproduce the reduced VBIC 
simulations commonly used to describe HBTs [4].  As 
examples of simulation results, Figs. 3 to 6 present 
comparisons between measurements, SDD and UCM 
simulations in DC, small-signal and large signal modes 
of operation for a 2x20 µm2 emitter area transistor.  Fig. 
3 shows the Ic-Vce curves comparison between DC 
model predictions and the measured data at To=27oC.
Figs. 4 and 5 show the small-signal comparison between 
model predictions and measurements over 1 - 20 Ghz 
frequency range. Fig. 6 compares the measured power 
added efficiency and the power gain with the simulation 
results from the model implemented in SDD and in UCM 
forms, at 3 Ghz, as function of a single-tone input power. 
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Forward current-voltage characteristics at constant Ib. 
( ) Measurements,  
(x) Simulations from SDD form  
(o) Simulations from UCM form  



Fig. 6. Power gain and power added efficiency (PAE) vs. 
single-tone input power, at 3 Ghz for a bias condition of Vce=3 
V and Ib=250 µA. 

( ) Measurements,  
(x) Simulations from SDD form, 
(o) Simulations from UCM form. 
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IV. CONCLUSIONS
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