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Model Verification for a High-Power-Efficiency

AIGaAs-GaAs HBT
F. Deshours, E. Bergeault, G. Berghoff, C. Pinatel, and C. Llubon-Chevallier

Abstrac&Heterojunction bipolar transistors (HBT’s) with 2700
pmz of emitter area are characterized for model verification

using an active load-pull measurement system. The simulation
and measurement results (up to 26 dBm) are reported and com-
pared in terms of output power level and power-added efficiency

under variable operating conditions. These measurements are

performed with the aim of designing power amplifiers for mobile
communication.

I. INTRODUCTION

sINCE the publication of the active load-pull technique by

Y. Takayama [1], active load-pull measurement systems

have been developed to characterize microwave power devices

and to verify f.he accuracy of nonlinear models. The principle

of the load-pull measurement consists of changing the load

impedance seen by the device under test (DUT) in order to

predict circuit design performances in terms of output power

and efficiency. For the active load-pull technique, the load

variation is realized electronically by injecting an incident

wave at the output port of the DUT, varying magnitude and

phase.

This letter presents the simulated and experimental results

for a high-power-efficiency HBT operating under class AB

bias conditions at 2 GHz. The measurements are performed

by an active load-pull system while the simulation results are

obtained from a modified nonlinear Gummel-Peon model for

the HBT, taking into account thermal effects.

II. LOAD-PULL MEASUREMENTS

The experimental system for power transistor characteriza-

tion mainly includes a six-port network analyzer, calibrated for

impedance and power measurements (Fig. 1) [2]. The six-port

junctions (SPI and SP2) cover the 1–18 GHz frequency range.

It is configured as an active load-pull system to perform an

electronic simulation of load impedances. A variable attenuator

and a phase slhifter control the magnitude and the phase of the

signal injected at the output of the DUT. A broadband isolator

and a low-pass filter are inserted at each measurement port

in order to present the reference impedance to the harmonic

components of the emerging waves. The system is fully

computer corltrolled for load variation, data acquisition, and

for plotting constant power contours on the Smith Chart.
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Fig. 1. The active load-pull measurement system.

A high-power-efficiency HBT manufactured by the CNET

(Centre National d’Etudes des T616communications) was char-

acterized at 2 GHz under class AB bias conditions to verify the

accuracy of its nonlinem model. The HBT has a total emitter

area of 2700 pm2 (thirty emitter fingers, 3 pm * 30 pm each).

It is used in a commcln emitter configuration and biased at

constant collector to emitter voltage VCE and constant base

current lB.

III. PC~WER HBT MODELING

A nonlinear thermal electrical power HBT model [3] has

been developed up to 6 V by modifying the Gummel-Peon

equivalent circuit (Fig. 2). This model is relatively simple and

it can be easily incorporated into existing microwave CAD

tools (MDS, LIBRA), Typical simulated rmd measured ~(v)

curves for the power HBT, taking into account thermal effects,

are shown in Figs, 3 and 4. Very good fits were obtained over

a wide temperature range for static 1(V) characterization and

S-parameter measurements [3], [4].
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Fig. 2. Nonlinear Gummel-Peon GaAs HBT model.
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Fig. 3. Collector current (1c ) versus the collector to emitter voltage (VCE )
with base current ranging from 14 mA with step size of 1 mA. + measured

points; — simulated.

IV. MODEL VERIFICATION

Using a harmonic balance nonlinear simulator, the added

power has been optimized for a given collector bias voltage

[4]. The optimization parameters include the complex input

and output impedances at the fundamental frequency; the

impedances were set to a 50 Q load for all the harmonic

components to simulate under the same operation conditions

as when performing load-pull measurements.

Model verification is performed by comparing the simulated

responses of the HBT to those obtained with the load-pull

system at 2 GHz. For two different AB operating classes

(VCEO = 3 V, JCEO = 100 mA or lCEO = 230 mA) and

different input power levels (pin = 20, 25, and @ t-nw),
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Fig. 4. Gummel curves for forward operating region (VBC = O V). +
measured points; — simulated.

TABLE I

OPTIMUM LOAD IMPEDANCESAND LOAD-PULL PARAMETERS

v~~=3v

b, ‘ 100 MA

,

measured ~simulated

T

P,m(mW) 2S ~ 2S

P.,i (mW) 190 ! 190

P,. (mW) 165 / 165

PAE (?40) 45.6 ~ 44.7

G, (dB) 8.9 / 8,9

& (Q) 8.2+j4.l ~6.6+j 3.2

2oi3

E

40

V-=3V

ICEO= 230MA

msaswsd ! simulateo

20 : 20

215 ~ 210

195 ~ 190

25.6 \ 25.2

10.2 ~ 10.1

6.2-j 0.6 \ 5 -j 0.9

vao=3v

km= 230nszi

measured ~ simulated

340 ! 370

300 \ 330

38 ~ 42.7

9.2 ~ 9.6

7.2-j 1,6 / 6.3 -j 0.3

o I I I I

10 20 30 40 500
Input Power (mW)

Fig. 5, Comptison of simulated and measured data VCEO = 3 V
ICEO = 100 nrA – ZL = (8.2 + j4.1) Q.

the load impedances for maximum added power have been

measured and simulated. These optimum’ impedances ZL

reported on Table I are very close. They change with input

power level and with operating class, showing the nonlinear

behavior of the HBT. All characterization parameters (input

power pin, output power P..t, added power pad, power-

added efficiency PAE, operating power gain GP) are also given

in Table L The device delivered 190, 210, and 360 mW,

respectively, for the different optimum loads.
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Fig. 6. Compti son of simulated and measured data VCEO = 3 V
~CE~ = 230 rrul – ZL = (7.2 + jl.6) ~.

HBT’s model verification can also be obtained from gain

compression curves [5]–[7] (the maximum output power was

15 dBm). Figs. 5 and 6 compare output power and added

power efficiency versus input power level for these optimum

load impedances. Good agreement is obtained between pre-

diction by the model and measurements because maximum

deviations are found to be only 0.3 dB for Pout and 5% for

PAE in the sal.uration region. This result is very significant and

confirms the accuracy of the proposed model in predicting the

performances of the HBT. The model for the HBT was used

in a design of a power amplifier for mobile communications

(DCS 1800).

If. CONCLUSION

The comparison results between measurements and sim-

ulation of the HBT show small deviations in the locations

of optimum load impedances and good agreement for power

performances. This comparison is of great interest and imply

that the proposed nonlinear model for the HBT is fully verified

by load-pull measurements.
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