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A 90% Power-Added-Efficiency GaInP/GaAs

HBT for L-Band Radar and Mobile

Communication Systems
A. Mallet, D. Floriot, J. P. Viaud, F. Blache, J. M. Nebus, and S. Delage

Abstract-A very high 90% power-added efficiency (PAE) with

an output power (POu~) of 200 mW and a power gain of 18

dB has been achieved at 1.8 GHz with a 240-&m2 GaInP/GaAs
HBT (Thomson-CSF/LCR). The transistor (common emitter) was
biased in class C mode (1. = O mA; $~. = 1 V; 1’.. = 7 V) and
the load termination at the signal harmonics was optimized. First,
a heterojunction bipolar transistor (HBT) nonlinear model has
been extracted from pulsed I-V and pulsed S parameter mea-

surements. A harmonic balance simulation was performed and
suitable collector current/voltage waveforms were determined in
order to optimize PAE. Second, a multiharmonic active load-pull

system was used in order to measure and optimize the transistor

efficiency. Measurement data were found to be in good agreement

with simulated results. The main use of this HBT is expected to

be in mobile communication systems and T~ modules for active
array radars.

I. INTRODUCTION

H ETEROJUNCTION bipolar transistors (HBT’s) have

emerged as valuable devices for microwave power am-

plification. Class C operation of HBT’s is well suited for the

design of high-efficiency power amplifiers [1]. GaAs HBT’s

with 84% power-added efficiency (PAE) operating in C–X

band have been reported [2], [3].

Class C operation of HBT’s is attractive for the following

two reasons:

1) HBT’s biased in class C mode remain cold under low

and high RF drive.

a) When the RF signal is absent, the transistor is

obviously cold since it is turned off.

b) It is cold under low and medium RF power levels

because the dc collector current remains low.

c) It is almost cold in large signal operation mode

because power-added-efficiency increases drastically

versus output RF power.

2) The small-signal gain of the transistor decreases in class

C when compared to class AB or class B, thus ensuring

stability at low microwave frequencies (L band).

Furthermore, harmonic tuning significantly enhances tran-

sistor efficiency. This letter presents a four-emitter finger
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Fig. 1. HBT nonlinear model,

GaInP/GaAs HBT (4 x 2 x 30 ~m2) exhibiting 90% PAE at

1.8 GHz when operated in class C mode with appropriate

harmonic terminations.

11. HBT LARGE-SIGNAL MODEL

The HBT equivalent circuit model is shown in Fig. 1.

The device model parameters were extracted from pulsed I–V

and pulsed S parameter measurements (300-ns pulse width;

107o duty cycle) [4]–[7]. Under pulsed conditions, the thermal

state of the transistor is imposed by the dc quiescent bias

point.

The quiescent bias point (T’& = 7 V, ]C = 5 mA) was

chosen by design in order to impose a quasicold thermal state

of the HBT. The associated dissipated power (35 mW) was in

the same order of the dissipated power measured under large

signal conditions as shown in Fig. 4.

Therefore, we did not need for the purpose of our study a

temperature dependent model.

III. HARMONIC BALANCE ANALYSIS

AND LOAD-PULL MEASUREMENTS

On the one hand, an extensive analysis of voltagelcurrent

waveforms at both ports of the transistor was performed by

using harmonic balance software [8]. Fig. 2(a) shows suitable

waveforms for maximum added power while Fig. 2(b) shows

suitable waveforms for maximum power added efficiency.

Associated dynamic load-line trajectories overlaid on intrinsic

I–V characteristics are given.

105 1–8207/96$05.00 @ 1996 IEEE



133IEEE MICROWAVE, AND GUIDED WAVE LEITERS, VOL. 6, NO. 3, MARCH 1996

80

—

time (ns)

0-—
0 Input Power (mW) 5

(a)

100 -
.—.—— w-

A

-

-

time (ns) collictar-ernitter
voltage (v)

(a)

o
u

input, Power (mW) 5

100
i

240

(b)

Flg.3. (a) Power chmacteristics (optimum loadimpedance foradded power)
A measured; _ simulated. (b) Power characteristics (optimum load

impedance for PAE) A meamred; .— simulated.,0#
.:

60

(
7691215

time (ns) collector-emitter
“Oltage (v)

-E;$-
300__/_.. ..._...=.”. ‘....: _&_~+ y

——-—.”.-..-.”” ._.: . . .._L .— ——.. —
~

$4
-. . . . . . . . . . .

gg

~,>(?-:fl ..,.+. . .. .. ~-- :_,,,.,..,,..,,,
Q!i=i

&
4~ : --+-”+-”+” if—i ,--____-T m

.. .. *.”.”. . .

35:-..-.--,--”. _~ ~= -.5-- ; .2

1
#--- n

0.’ .0

(b)

Fig. 2. (a) Time-domain waveforms aud associated load-tine (optimum

added power) and (b) time-domain waveforms and associated load-line
(optimum PAE).

On the other hand, multiharmonic load-pull measurements

were performed in order to validate the simulated results

[9]. Added power and PAE were optimized, respectively, by

properly tuning the load termination at the signal harmonics

(.f~ – zf~ – sf~). Fig. 3(a) and (b) shows added power and PAE
versus input power. Fig. 4 shows the variation in the measured

dc power and dissipated power with input power. The mean

value of the dissipated power (35 mW) confirms the quasicold

thermal state of the transistor.
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Fig. 4. Measured dc pow,x and dissipated power versus input power
(optimum load impedance for PAE) A measured; _ simulated.

Appropriate voltage/ctuTent waveforms required at both ports

of HBT’s to optimize added power or PAE have also been

shown.

IV. CONCLUSION

A 240- ymx GaInP/GaAs HBT exhibiting 90% PAE at 1.8

GHz has been reported. The proposed operating mode (i.e.,

class C and suitable harmonic terminations) is very attractive

since the dissipated power is low under both small signal and

large signal conditions.

As a consequence, the thermal state of the transistor is

“quasicold.” This operating mode is particularly well suited

for the design of high power and high-efficiency narrow

band microwave amplifiers. Harmonic load-pull measurements

were found to be in good agreement with simulated results,

thus validating the robustness our HBT nonlinear model.
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