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A 94-GHz 130-mW InGaAs/InAlAs/InP
HEMT High-Power MMIC Amplifier

Y. C. Chen, R. Lai, E. Lin, H. Wang, T. Block, H. C. Yen, D. Streit,
W. Jones, P. H. Liu, R. M. Dia, T.-W. Huang, P.-P. Huang, and K. Stamper

Abstract—We have developed W-band high-power monolithic 800 -
microwave integrated circuit (MMIC) amplifiers using passivated Source Drain
0.15um gate length InGaAs/InAIAs/INP HEMT's. A 640-um i Vg = 0.5V /__-
single-stage MMIC amplifier demonstrated an output power of —_ n+ InGaAs
130 mW with 13% power-added efficiency and 4-dB associated E eoof Vg = 0.25V i InAlAS
gain at 94 GHz. This result represents the best output power to 5 S e Bt
date_measured from a single fixtured InP-based HEMT MMIC £ f i InGaAs
at this frequency. = Va = OV = _—/:'—i AlAS

§ a00t 9= Si Plane
l. INTRODUCTION g InP Substrate

ECENT vyears have seen intensive development of £ Vg =-0.25V

monolithic microwave integrated circuit (MMIC) power g 2001
amplifiers using the GaAs-based AlGaAs/InGaAs pseu- Vg=-0.5V
domorphic HEMT's (PHEMT'’s) [1]-[6] and InP-based f Vg =-0.75V.
InAlAs/InGaAs HEMT’s [7] for applications at 94 GHz. 0 L ]
InP-based InAlAs/InGaAs HEMT’s have demonstrated the 0 2 4 6
best gain and lowest noise figure for any three-terminal solid- Drain Voltage (V)

state device [8], [9] due to their superior transport propertieSg. 1. Current-voltage characteristics of a double heterostructure:n5-
Very-high-gain InP HEMT MMIC LNA’s have been realizedgate InGaAs-InAlAs-InP power HEMT. The inset shows a schematic of the
at frequencies as high as 140 GHz [8]. Because of its higfVice cross section.
gain, the InP HEMT has also demonstrated higher power-
added efficiency (PAE) than GaAs-based PHEMT for the TABLE |

| | at 94 GHz [7] even thouah the SMALL- SIGNAL EQUIVALENT CIRcUIT PARAMETERS OF AN 8-FINGER
same output power leve ! g 0.15um GaTte InP HEMT witH 1604:m ToTAL GATE PERIPHERY

former has lower breakdown voltages.

. . . Lg 0.018 nH gm 0.15S
Because of the relative immaturity of InP HEMT devel- 4 0.012 nH Rds 1650
opment, the reported output power of InP HEMT amplifiergs 0.0005 nH T 0.15 ps
has been limited to about 50 mW [7], [10]. In this paper, wéd 250 Cgd 0.015 pF
report a 640xm single-stage InP HEMT MMIC amplifier that Rd %tf\z/v CROi'S 00-1038 pF

delivered 130-mW output power with 13% PAE at 94 GHZRS
This result represents the best output power fixture data to
date measured from a single InP-based HEMT MMIC at thptimization in gate recess process has enabled us to achieve
frequency. the best results. We have been targefifyg (the gate voltage
where peaky,, occurs) at—0.1 to —0.15 V. This results in
Il. DEVICE AND MMIC OPTIMIZATION AND FABRICATION & fypical g, of 700 mS/mm, as compared to 1000 mS/mm
in our low-noise HEMT, which is etched deeper and has

| H I le h a Vg, of ~+0.2 V. The current-voltage characteristics of a
gate-length, double-doped, double heterostructure InP HE 15,um gate-length InP power HEMT are shown in Fig. 1.

To achlev_e state-o_f-the-art_ performance, we have |mpr(_)ved e small-signal equivalent circuit parameters of a 8-finger
delta doping density, ohmic contact layer, substrate thickne 0-4um device are listed in Table |
and compact device layout as reported previously [7]. Further-rhe amplifier circuits were fabricated using TRW's es-
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The inset of Fig. 1 shows the schematic of our OulB-
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Fig. 2. Picture of a single-stage 94-GHz 048 x 640u:m InP HEMT e OQQ L
MMIC power amplifier. = 10} | g
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to isolate the bias circuitry from the RF matching networks. 5 15 g
The input matching network, which utilizes coupled-lines, as o
well as the series R-C shorted quarter-wave stubs at both the 0 . .
input and output, are used to enhance out-of-band stability. g 10 15 20 °
The most significant parameter affecting output power is the Pin (dBm)
matching impedance at the amplifier output. We derived the
output match for the amplifier based on harmonic balance ()

simulations using our in-house-developed nonlinear modélg. 3. Output power and PAE of (a) 320w gate width and (b) 64pm
Rigorous design and analysis methodology, including accurg{aée width single-stage InP HEMT power amplifiers measured at 94 GHz.
device modeling and full-wave electromagnetic (EM) simula-
tion of passive structures, ensured the optimization of gainThe 640xm single-stage MMIC amplifier consists of four
and bandwidth. 8-finger, 160xm microcells. When biased afig, of 2.7 V, it
delivers an output power of 130 mW with 13% PAE and 4-dB
associated gain as shown in Fig. 3(b). To our knowledge, this
IIl. RESULTS AND DISCUSSIONS is the highest power ever achieved from a single InP-based
The MMIC’s were diced and mounted on test fixtures fodEMT MMIC amplifier at 94 GHz.
power and efficiency evaluation. The waveguide-to-microstrip We attribute the improved power performance to optimized
end-to-end insertion loss was measured to be 1.7 dB at @ette recess depth. Gate recess depth is an important variable
GHz. This loss was corrected from the measurement results.process optimization due to the trade-off betwegn
Two single-stage MMIC amplifiers of 320m and 640zm and g,,. The gate recess depth can be optimized by refer-
total gate periphery, respectively, were characterized. Thecing toV,, as measured after gate metallization. We have
320.um MMIC amplifier consists of two microcells, eachsystematically investigated the relationship betwégp and
with eight fingers with 2Q:m gate width per finger. The power performance for a single-stage MMIC amplifier with
MMIC demonstrated an output power of 80 mW with 4.9320um total gate periphery. The output power data were
dB associated gain and 20.2% power-added efficiency (PABEasured in-fixture at 94 GHz with input power levels such
[Fig. 3(a)] atVys = 2.5 V. This result surpasses our previoushat the power gain was 4 dB. The dc bias conditions were
in-fixture measurement data of 54 mW with 20% PAE andptimized for maximum output power. We found that as we
represents a new milestone of the best fixture data of efficierdyangedVy;,, from 4+0.25 V to —0.13 V by varying recess
and output power. depth, device peak,, dropped from 900 to 680 mS/mm, but
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I« increased from 450 to 650 mA/mm. The single-stage
amplifier output power also increased from 12.55t80 dBm.

A similar trend was observed from an amplifier with 160-

(5]

pm total gate periphery and different matching network. The
improved power performance of the negatig, device is due

to the increased,,.x. Although theg,, of the negatively,

(6]

device is lower, its amplifier power gain is still comparable to
that of positiveVy,, device at 94 GHz.

(7]
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