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IMPLEMENTATION OF AN HBT MODEL

I. INTRODUCTION
A heterojunction bipolar transistor (HBT) model is implemented in HarPE [1] and
OSA90/hope [2]. The HBT model is a modification of our BJT model by introducing the
temperature effect following the thermal-electrical model of HBTs presented in [3]. A thermal
circuit [4] is used to evaluate the device temperature and is integrated into DC, small-signal and
large-signal harmonic balance (HB) simulations.
We performed DC, small-signal and large-signal simulations with this HBT model using the

parameter values given in [5]. Very similar results to those presented in [5] are observed.

II. MODEL EQUATIONS
The HBT model is implemented according to the model equations given in [3] and [6]. The

intrinsic circuit of the model is shown in Fig. 1.
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Fig. 1 The intrinsic equivalent circuit of the HBT model.




The model equations for computing the nonlinear currents are as follows.
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k is the Boltzman constant, g the electron charge, T, the room temperature, vy the temperature

increment, and NE’ Nc, NR’ NF’ EG’ EINF’ XTI’ P, ISO’ ISEO’ ISCO’ BFO’ VAF’ VAR’ IKF and IKR are

model parameters.

The model equations for computing the nonlinear charges are as follows.
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VJE’ M JE» CJE’ F, o VJC’ M JC C JC TF’ TR and X cJc are model parameters.

In addition to the model parameters described above there are another six parameters
including Rp, R, R, Ryy, Cpy and By, as shown in Fig. 1, to complete the model.

The thermal circuit shown in Fig. 1 is used to calculate the temperature increment represented
by vry. v is considered as a state variable and integrated into DC, small-signal and large-signal

HB simulations.

ITI. MODEL RESPONSES
The HBT model implemented is a large-signal model. It can be used for DC, small-signal
and large-signal analysis.
We carried out DC, small-signal and large-signal simulations using the parameter values given
in [5]. The extrinsic circuit of the model is shown in Fig. 2. The parameter values are listed in
Table I. The DC characteristics, small-signal S parameters and the output power versus input

power are plotted in Fig. 3, 4 and 5, respectively. The results are similar to those presented in [5].
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Fig. 2 The extrinsic circuit of the HBT model.




TABLE 1
PARAMETER VALUES FOR HBT MODEL

Intrinsic Extrinsic
Igco(A) 3.2573E-14 Ly(nH) 0.0623
Iggo(A) 1.2017E-18 L{(nH) 0.054
Igo(A) 2.0224E-22 Lg(nH) 0.0023
Ng 1.5741 Rpp(0) 0.1°
N¢ 1.7664 Red0) 0.1°
Ng 1.1204 Re(0) 0.1°
Np 1.1473 Cpe(pF) 0.1339
Ry(Q) 1.6952 Ccx(pF) 0.0974
REQ) 1.0796 CpAPF) 0.1333
RAD) 1.1884
Bp 46.39
By 0.168
Xpy 6.4961
P -1.2252
Eg 1.4162E-19
Enp 0.0545E-19
Rpp(°/W) 182
Cru 1E-6/Rpy
C;x(DF) 0.4002
Ve(V) 2.0452
Mg 0.3333
C;c(pF) 0.197
VidV) 1.524
M, 0.5
THDS) 8.2152

*
Parameter values are assumed for these parameters.




collector (mA)

DC Characteristics of HBT Model

100

Fig. 3 DC characteristics of the HBT model.

V_collector (V)

| _base (mA)
3.5

3

2.5




SMITH CHART

0.5 -——- MS11,PS§11

—— MS22,PS22

1.0 0.5 0.0 0.5 1.0
(a)
POLAR PLOT
30
50 " Ns21,Ps21
30
0
-16 -8 0 8 16
POLAR PLOT
30
60 —— ws12,ps12
30
0

-0.12 -0.08 -0.04 0 0.04 0.08 0.12
(c)
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Fig. 5 Output power versus input power at bias: Iz = 0.6 mA and Vo=5V.




VI. CONCLUSIONS

A temperature dependent HBT model has been implemented in HarPE and OSA90/hope.

Promising results have been observed. The model can be used for DC, small-signal and large-signal

simulations. A further model verification should be carried out if we have measurements on HBTs.
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