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Abstract—We report on the power performance of X-band transistor flipped brings the heatsink closer to the device. The
AﬁaAS/G?AS hdetef?iugdion t|>|ipolar transistors Wihllénf(igfgm thermal shunt provides a second heat conduction path from the
collectors for reduce ase-collector capacitance. .0 X _dicci H ;

50) #m? HBT unit cell exhibited 2.09-W continuous wave (CW) heatl dISSIDateﬂ corl1lleckt0r Legl'c()jn tthUQh thebpz;se, err]'nltt(ra]r, and
output power (4.18-W/mm power density), 62.2% power-added ©aP '1ay€rs tothet 'C. and wi .e emitter air-bridge (_t e shunt),
efficiency, and 7.13-dB associated gain at 10 GHz at a collector Substrate, and backside heatsink. These technologies, however,
bias voltage of 10 V. When tuned for maximum efficiency, the have several potential drawbacks. Thinner substrate leads to
szr(;wedtraf?s[stor de¥v7e£e§ya CV\GOUIPUI povyetr ?jf1~3_’6 V\f/ ?;E;Vc\jlgr_ more difficult wafer handling. Bathtub via poses structural
adadea efnciency o .270, and an associlatea gain or /. at .. . . : . :
the same frequency and collector bias voltage. To our knowledge, rigidity con_cer_n_ egpemally during assembly._ Increased_ strain
this is the first demonstration of high-power (>1.3 W), high- ©n HBT reliability in the thermal shunt and flipped transistors
efficiency (>74%) AlGaAs/GaAs HBT's using a simple collector is not clear.
undercut technique without the need for significant modifications We recently demonstrated a simple collector undercut tech-
of baseline HBT process. nique to reduce the base-collector capacitance by over 50%
and increase the small-signal gain by 3 dB at 10 GHz [8].
I. INTRODUCTION In this letter, high-power%1.3 W), high-efficiency $74%)
AlGaAs/GaAs HBT's were demonstrated for the first time

LTHOUGH previous reports have shown impressive_. h hni ith h f anifi
power-efficiency performance of AlIGaAs/GaAs heteroﬁsmg the same technique without the need for significant

junction bipolar transistors (HBT's) [1]-[4], continual im modifications of our baseline HBT process.
J P . e The standard X-band AlGaAs/GaAs HBT epitaxial layer
provement in device and process design is needed for next- . o
) o . Structure has been published elsewhere [9]. To facilitate the
generation HBT power amplifiers. Several techniques were
: cOllector undercut process, two AlGaAs etch stop layers were
reported to enhance the HBT microwave and power perfor- . i
e .Inserted in the collector and subcollector layers. Selective
mance. They can generally be classified into two categon@?s

1) improvement in HBT epitaxial layer structure and 2 Cly/SFy reactive ion etching (RIE) was used to physically

improvement in layout and process design. In the former Cait:—:(:fmove the extrinsic GaAs collector material over the two
_ - GaAs etch stop layers. When the vertical etching of GaAs

for example, the use of ¥ 10?° cm~2 base doping led to the

demonstration of 1.2 W, 57% power-added efficiency (PA ollector was completed, the etch then proceeded laterally

AlGaAs/GaAs HBT's at 20 GHz [2]; the use of extrinsic bas ntil an undercut of a desirable amount was accomplished.
regrowth and InGaAs graded baée resulted in a maximuti€ etch stop layer in the collector prevented the base layer

oscillation frequency( fuay) in excess of 238 GHz [3]. Ir]L#rom being etched from the bottom. The etch stop layer in the

addition to better material design, HBT microwave perfOIs_ubcollector prohibited vertical etching from the top. Since the

mance can be improved by more aggressive layout and proc ggercut regions were filled up with air which has the smallest
ielectric constant possible, the base-collector capacitance

design. For example, since the power performance of HB e

is thermally limited, great attention has been paid in rece/f{?S minimized. Det_alls O_f the collector_undercut_ fab_rlcatlon
years in reducing the device thermal impedance. Techniqui$cess were described in [8]. HBT unit cells with different
in this category include thinner substrate30 to 50m) [4], emitter finger WIdthS. angl lengths were fabricated using TI's
bathtub via [5], thermal shunt [6], and flip-chip design [7]‘_standard collector air-bridge HBT process [9] except for the

The use of thinner substrate and bathtub via or having tgddition of a self-aligned base, self-aligned ledge passivation
process for improved reliability. Fig. 1 shows the scanning
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Fig. 3. Measured power performance of a %0 (2.8 x 50) um? Al-
GaAs/GaAs HBT unit cell when tuned for maximum power.
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_ ) _ _ _ power (4.18-W/mm power density), 62.2% PAE, and 7.13-dB
Fig. 2. Measured small-gain maximum available gain of ax1(2.8 x 50) . . "
um? AlGaAs/GaAs HBT unit cell. associated gain. Under such conditions, the average collector
current increased to 268 mA. No intentional harmonic tuning

) was applied in the measurements. When the same transistor
wafers thus far with the collector undercut process and haygs tuned for maximum efficiency under the same collector

not observed any loss of transistors due to the crushing of §gs voltage, we achieved a record PAE of 74.2% at an
hanging base onto the subcollector layer. output power level of 1.36 W (2.72-W/mm power density)
To facilitate accurate on-wafer load-pull power measuret 10 GHz (Fig. 4). The corresponding associated gain was
ments, all power unit cells incorporated partial input matching32 dB and average collector current was 146 mA. Under
circuits to bring the input impedance reasonably close {Re maximum efficiency bias conditions, the transistor was
50 2. The loss due to this prematching circuit was 0.38perated closer to class B operation. It has been shown
dB at 10 GHz. We also fabricated power unit cells of thghat because the transconductangg,) of the HBT has
same geometry without the prematching networks for on-wafgg exponential dependence on input voltdd&,), class B
small-signal measurements. Fig. 2 shows the measured smgleration was shown to achieve an output efficiency of 90.2%
signal maximum available gain (MAG) of a ten-finger HBTirom an exponentiaf,,(Vi,) [10] as compared to 85% from
unit cell, with each finger having an emitter area of X8 a linearg,,(Vi,) and 78% from a constamt,,(Vi,) [11]. The
50 pm?. At a collector bias of 4 V, the MAG increased from74% PAE achieved in our HBT’s indicated that the HBT's
8.4 to 9.5 dB when the collector current was raised from §thve very small parasitic resistances.
to 240 mA. The gain was generally higher as the collector To study the variations of power performance of these
voltage was increased from 4 to 6 V. Since the transistor haensistors across the 3-in wafer, we did load-pull power testing
no proper heat sinking, we did not attempt to go to highen a number of unit cells of the same geometry. When the 10
collector voltage and current with on-wafer measurements. (2.8 x 50) um? HBT’s were tuned for maximum output power,
The measured output poweF4,;), power-added efficiency the maximum PAE varied from 61.4% to 62.2%, and the CW
(PAE), and associated gain of a 20(2.8 x 50) um? HBT output power level varied from 2.09 to 2.19 W. When tuned
unit cell is shown in Fig. 3 when the transistor was tuned fdor maximum efficiency, the transistors exhibited a maximum
maximum output power. The collector bias voltage was IPAE in the range of 69.5% to 74.2% at an output power level of
V and the quiescent collector current was 125 mA. At 1@.37 to 1.52 W. This efficiency level was about 10% better than
GHz frequency, the transistor exhibited 2.09-W CW outputur standard X-band HBT'’s of the same geometry and similar
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output power level. The improvement in PAE was due to the Temino, and Y. Hisada, “High-power, high-efficiency cell design for 26

more-than 50% reduction in the base-collector capacitance l GHz HBT power amplifier,” inEEE MTT-S Dig, 1996, pp. 843-846.
th ndercut collector HBT’s as detailed in [8] 4] T. Shimura, M. Sakai, S. Izumi, H. Nakano, H. Matsuoka, A. Inoue,
eu : J. Udomoto, K. Kosaki, T. Kuragaki, H. Takano, T. Sonoda, and S.

In summary, we have demonstrated high-powet.G W), Takamiya, “1 W Ku-band AlGaAs/GaAs power HBT'’s with 72% peak
high-efficiency &74%) X-band AlGaAs/GaAs HBT's using power-added efficiency,IEEE Trans. Electron Devicessol. 42, pp.

a simple collector undercut technique without the need f0f5] |18§g\7i§95p' DReCéels%?v?c'k B. P. Davies, M. Jessup, and K. C. Vanner

significant modifications of our baseline HBT process. This * “The development of a foundry compatible power MMIC production
level of performance indicated that AlGaAs/GaAs HBT’'s  technology,” inlEEE GaAs IC Symp1990, pp. 71-72.

; ; o 6] B. Bayraktaroglu, J. Barrette, L. Kehias, C. |. Huang, R. Fitch, R.
with undercut collectors is a promising technology for next Neidhard, and R. Scherer, “Very high-power-density CW operation

generation HBT power amplifiers. of GaAs/AlGaAs microwave heterojunction bipolar transistot§EE
Electron Device Letf.vol. 14, pp. 493—-495, Oct. 1993.
A [7] D. Hill, R. Yarborough, T. Kim, and H.-F. Chau, “Low thermal
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