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I INTRODUCTION

I11-V HEMT technology isa useful choice foRF power amplifiers(PA) due to its excellent performarsce
high breakdown fieldhigh output power density and high frequency operdti$#i2]. This technology is now widely
used in space equipment, which requirdba@oughknowledge of its reliability and its conditions of ugenong the
various tests generally carrieditin a spae evaluatiorRF step stress is an affirmed technique for the investigation of
RF reliability in HEMT technology3]-[4]. The RF step stss emulates thactualoperation condition and evaluates
lifetime of the transistor in a RF power amplifier. Within this work, we preigetiite first paragraptan advancedime-
domain methodology to investigate device reliability and determine iafe Operating AreaOur technique
monitors in real time the RF and DC parameters in ordassesshe degradationf transistors characteristias RF
power amplifiers undeoverdrive condition for different loadmpedancesThe DC parameters (M, Vaso, lgo and ki)
and RF waveformarecontinuously recorded ovéne time The measured Rifput and outputurrens and voltage at
both ports of the notinear device provide a lot afformation on the degradation phenomema are presented in the
second paragraphThis technichas been testeoh a Gas PPH25X 4x36em pHEMT transistor fromUJMS foundry.
This method is independent of the technology used so it is fully applicable tae@hhblogy. The last paragraph
presentghe procedure of timdomainRF stresdo evaluate the reliability osaN GH5010 technology and the first
results of characterisation protocol of RF Stress.

Il APPLICATION OF TIME DOMAIN RELIABILITY

Our setup consisgs in the classic time domain logdll setup based on LSNA (LargeSignal Network
analyzer) systerfFig. 1) LSNA measures geriodicRF wavesthe incident andefleciedwaves at input and output of
device under test (DUT). Thacidentand reflectd RF wavesat the both port of the DUT are measured through two
bidirecional couplers. These signadsethen undersamplesimultaneouslypy the four samplers of the front end of the
LSNA. This undersampling principle allows the conversion tadslation of the RF signal to IF bandwidth (10MHz).
The resulting IF signalare digitized by 4 ADCs Fnally, a computer processes all dataget absolutephases and
absolute amplitudes of fundamental and harmdr@quencieq5]. Thanks to speciabn-wafer absolute and relative
calibration with absolute phase reference, the timeailoiRF voltages and currerdeeobtainedat the DUTplanes §].
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Fig. 1. Timedomain RF stress set up
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RF stress under overdrive conditiamnsists on the recording of the calibrated time domain voltage and current
waveformsat both ports of the DUTrdven by a CW large signait f,and loa@d with fixedimpedancsat fundamental
and harmonic frequencies

[l RESULTS OF RELIABILITY PERFORMED ON GAAS HEMT TECHNOLOGY

In this work, we compare the degradation phenomena caused by two different load imgetthenfiest one
correspondso a tradeoff between the optimal power added efficiency and the line@figy:= 2 0 0 Thg second one
is chosen in order to obtain the load line slope more vertigad &0 Yt)carresponds to a high standing wave ratio
(SWR) presented at the output of the transistor at the fundamental freqiéeqerformed RF step stres¢24 hours
monitoring)with 3 differentavailablepowerlevelsat 4 GHz corresponding t&dBm, 10dBm and 15dBnThe devicds
biased in class Aperationmodeat a drain voltage of 6 V and a drain current of 15fé& each RF steptressthe
Vg0 and Vg values remainconstant. During the RF stress, the p@rametersand RF waveformsvere measured
periodically at 5 minute intervalémonitoring) To invesitgate the reliability, we performed completei di agnosi s
characterization methodhat consisted of full DC-V measurements, full CW-Sarameters measuremeisthe -
8GHZ frequency range. Finallyfull RF power sweepsvere performedbefore and afteeach RF step stresBhe flow
chart in Fig. 2 shows the procedure of RF stress and characterizati®aAs technology
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Fig. 2. Flow chart showing the procedure of characterization anediimmain RF stressn GaAs technology

The DC and RF performareare evaluated respectively throughandlqyrecorded during the RF stress and
RF figures of merit (R, gain and PAEand RF waveforms. In Fig. 3(ahe DC evolutiors are comparedf two load
impedancesThe gate current obtaindor Zopr is higher thanthe one measurddr5 0 Y b e ¢ gain sampréssian
at all fixed R, is more important and the load cycle stresses the knee r@gmm(d)) When Zp+ is presented tthe
transistor, the @in current is smaller than the otensumed in mismatching impedance case (Z 0. Yt can be noted
in Fig. 3(b}3(c)3(d), thatthe RF figures of meritdo not show anydegradatiorover the step duration. In addition no
evolution was observed between the various power sweeps performed after each step.
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Fig. 3. (a) Comparison of DGglures of merit (at different available power) in optimum PAE and linearity impedance
case and mismatching impedance case; (b) Comparison of output power (at different available power) in optimum PAE
and linearity impedance case and mismatching impedaseg(c) Comparison of gain (at different available power) in

optimum PAE and linearity impedance case and mismatching impedancéli&emnparison of powesdded

efficiency (at different available power) in optimum PAE and linearity impedance casesmdtohing impedance

case.



The periodic RF waweforms recorded, in each 24 hours step stress, are superimposed in Fig. 4
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Fig. 4. (a) Comparison &f2 waveformssuperpositiomecorded in 24 Hat different available power) in optimum PAE
and lineary impedance case and mismatching impedance case; (b) Compari2ameetformssupeposition
recorded in 24 Hat different available power) in optimum PAE and linearity impedance case and mismatching

impedance case (c) Comparisorvdf waveformssupepositionrecorded in 24 Hat different available power) in
optimum PAE and linearity impedance case and mismatching impedancé&i&samnparison ofl waveforms
supepositionrecorded in 24 H(at different available power) in optimum PAE and lingampedance case and

mismatching impedance cage) Comparison dbad cyclesupeposition(at different available power) in optimum

PAE and linearity impedance case and mismatching impedancdft&@mmm of 11 waveformsupepositionrecorded

in 24 H at Pav=15dBm in optimum RE and linearity impedance case

No important variation over time is observed. Obviously the -immain waveforms witlZopr correspond to higher
compression than the one measured with the mismatched impedance. Accordisg RRMgress, the GaAs transistor

do not present degradation or failure mechanism at high compression gain condition independently of the load
impedance presesdto thetransistor.

Fig. 5. (a) Comparison of DGV characteristic (Vgs frorr0.96V to OV 7 step-0.24V)before and after 72h of stress at
optimum PAE and linearity impedance case and mismatching impedance case; (b) Comparison of gm and Ids versus
Vgs (measured at Vds=4Wgfore and after 72h of stressogtimum PAE and linearity impedancase and
mismatching impedance case} Comparison ofjate current versus gate tens{digs from-4V to 0V) before and after
72h of stress aiptimum PAE and linearity impedance case and mismatching impedancedi&amparison ofjate
current versus gattension(\VVgs from 0.2V to 0.6Vhefore and after 72h of stresoatimum PAE and linearity
impedance case and mismatching impedance case.

The DCmeasurementpresented in Fig. 5 showonstantvariationsof transistor characteristics after 72 hoursRéf
stress for both load impadces. (T2 and T4 characteristics are not reportédjecreased gate current was recorded
with anincreased RF power stress level, in particulaoftimum PAE and linearity impedance case. This phenomenon
is due to higher ga compression applied to transistor. The change of thgglgharacteristic produces the variation of
the S11-parameteamplitude, as showin Fig. 6(a).CW S-parameters measuremeate presented in Fig. 6. It can be
noted that only small variation of-fgarameter between& GHz occurred after a 72 H RF stress (T6) whatever load
impedance is. It means that even if a small degradation of gate current is observed for GaAwettEMIbgy, the RF
small signal characteristics are not affected by the RF sifdéke transistor. This conclusion is a first step for the space
gualification of this technologyrig 7 showshe comparison of large signal performances of the component before and
after stress protocol.



