
1636 IEEETRANSACTIONSON MICROWAVETHEORYAND TECHNIQUES,VOL. 37, NO. 10, OCTOBER1989

Short Papers

Wide-Band GahAs MISFET Amplifiers

D. BECHTLE, L. C. UPADHYAYULA, SENIORMEMBER,IEEE,
P. D. GARDNER, AND S. Y. NARAYAN, SENIORMEMBER,IEEE

Abstract — We present the first reported results on wide-hand GaInAs

MISFET amplifiers. Using l-pm-gate-length 0.56-mm-gate-widtb GahrAs

MISFET’S, we obtained (a) a power ontput of 230+ 30 mW (0.41 W/mm)

with 33+ 3 percent power-added efficiency, (b) a power output of 265 +15

mW (0.47 W/mm) with 30+3 percent power-added efficiency (both over

the 7-11 GHz baud), and (c) a power output of 220+45 mW (0.39

W/mm) with 29& 4 percent power-added efficiency over the 6-12 GHz

band. With a 0.7-pm-gate-length GaInAs MfSFET, a small-sigmd gain of

5+0.5 dB over the 11.4-22.6 GHz band was obtained. These data include

all connector, bias network, and circuit losses.

We also present an equivalent circuit model of 1- ~m-gate-length GafnAs

MISFET’S based on S-parameter measurements. The model is essentially

that of a MESFET with capacitors representing gate-to-source and gate-

to-drain overlap capacitances added at input and outpnt.

I. INTRODUCTION

Wide-band amplifiers are important components in many gov-

ernment and commercial systems. These amplifiers require active

devices with very high gain-bandwidth products to achieve high

performance.

GaO ~71n0,53As lattice matched to S1 InP substrates (hereinafter

called GaInAs) offers the potential for microwave devices with

performance superior to that of GaAs field-effect transistors [1]

because of its higher low-field mobility, peak velocity, and inter-

valley rL separation [2]–[5]. Also, GaInAs is an important

material for long-wavelength optoelectronics and lasers; thus

GaInAs MISFET’S should find applications in optoelectronic

integrated circuits. The low ( -0.3 V) barrier height of GaInAs

[6] results in poor Schottky diodes, making a technology other

than a Schottky barrier gate FET (MESFET) necessary. We have

developed met&insulator- semiconductor FET (MISFET) tech-

nology [9]– [12] using low-temperature-deposited Si02 as the gate

insulator [7], [8] to exploit the potential of GaInAs.

We have developed l-pm-gate-length, self-aligned-gate (SAG)

GaInAs MISFET’S operating up to 32.5 GHz [13]. Here, we

describe the development and performance of wide-band power

and small-signal amplifier stages using these GaInAs MISFET’S.

An equivalent circuit model of the self-aligned-gate GaInAs

MISFET is also presented.

II. DEVICE FABNCATION

The GafnAs MISFET”S used in this study were fabricated

using an SAG process. Such a process is essential to minimize the

gate overlap capacitances that impair microwave performance,

while maintaining the full-gate structure necessary for good de-
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Fig. 1. (a) Equivalent circuit and (b) cross section of l-~m-gate-length,

0.56-mm-gate-width GaInAs MISFET.

vice stability. Details of the SAG process and device characteris-

tics are given in [13].

III. GAINAS MISFET EQUIVALENT CIRCUIT

The equivalent circuit of our depletion-mode SAG GaInAs

MISFET’S is based on the GaAs MESFET model and is shown

in Fig. 1. This circuit is the MESFET equivalent circuit with two

capacitors representing the gate-to-source (Co, ) and gate-to-drain

(COd) overlap capacitances added at input and output, respec-

tively. These capacitances result from the gate overlapping highly

doped source and drain regions (full-gate strtmtrej [13]. The

equivalent circuit element values are listed in Table I. The

parameters C, and K, are small and are included for complete-

ness and compatibility with other models.

The circuit element values were derived as follows: The

transconductance ( g~ ) and output conductance (GJ ) were ob-

tained from the dc 1– v characteristics (note that this provides

only an estimate, the ac values being likely to differ from the dc

values). The parasitic capacitances Cd,, CO,, and COJ were calcu-

lated from the device geometry and materials parameters. The

parasitic lead inductances lC, 1,], and 1, were obtained from,. -.
studies of package parasitic and from S-parameter measure-

ments made on unbiased GaAs MESFET’S with similar geome-
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tries. Since MISFET’S do not have a Schottky gate, Fukui’s

method [14] cannot be used to determine source (r,), drain ( rd ),

and gate ( rg ) resistances. Instead, the values of these elements

were estimated from values derived from GaAs MESFET’S with

similar geometries and determinations of (r- + rd ), for the MIS-

FET, by Hsu’s method [15].

The remaining element values (Cg,, C’d, q, and Ci ) were

determined by computer optimization using the SUPERCOM-

PACT program. These values were adjusted to minimize the

difference between measured and computed S-parameter data

over the 8– 19 GHz ramze.

It is interesting to n~te that the gate and drain lead induc-

tances (Zg and [J), combined with the gate-to-source and gate-

to-drain overlap capacitances (CO, and COd), form low-pass filter

networks at input and output, respectively. These networks may

provide ptitial matching close to the device.

The overlap capacitances are not the overlap capacitances in

the sense referred to for MOS devices. In our MISFET the gate

metal does not overlap the source/drain contacts. There is a

sidewall capacitance, however, as the n +/n region on the source

side overlaps the gate metal (with gate oxide sandwiched in the

middle— see Fig. 1). This capacitance has been computed from

the device geometry and C{,,,- 0.127 pF. On the drain side there

is a depletion region under the gate with the maximum depletion

thickness occurring at the drain edges of the gate. This depletion

region will be in series with the oxide. Therefore, the sidewall

capacitance is very small and can be neglected. However, there is

another capacitance contribution since the oxide layer extends

from the source to the drain (with some series resistance). This

capacitance was calculated using Pucel’s [16] formulas. In order

to distinguish it from Cd,, normally referred to in the literature,

we crdled it Cod (the name overlap capacitance for this may be a

misnomer). The calculated value of COd is -0.05 pF and the

optimized value from the device model is 0.127 pF. Other para-

sitic capacitance paths may account for the difference. We did

not see any modeled difference when COd was directly connected

to ground or when it was connected through the source series

resistance.

The equivalent circuit was used to simulate the small-signal

gain response of an amplifier with simple LC input and output

matching circuits having lossless elements. The simulated gain

response showed a small-signal gain of 7+0.5 dB from 7 to 18

GHz, demonstrating the wide-band performance potential of

these devices.

IV. GAINAS MISFET WIDE-BAND AMPLIFIERS

The high-performance potential of GaInAs MISFET’S was

demonstrated by fabricating and evaluating 7-11 GHz high-

efficiency power amplifier and 11 .4–22.6 GHz small-signal am-

plifier stages.

The 7–11 GHz power amplifier stage used a l-pm-gate-length,

0.56-mm-gate-width SAG GaInAs MISFET flip-chip mounted to

a ridge on top of a pallet made from Thermkon (trademark of

CMW Inc.). The 7-11 GHz power amplifier configuration and

the corresponding equivalent transmission line circuit are shown

in Fig. 2(a) and (b), respectively. The test fixture includes biasing

networks (not shown) and allows for fine tuning of the input and

output circuits.

Figs. 3 and 4 show the output power and the power-added

efficiency of an amplifier tuned for (a) highest efficiency and

(b) highest power output over the 7-11 GHz band.

The results show (a) a power output of 230+30 mW (0.41

W/mm) with 33+ 3 percent power-added efficiency and (b) a
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TABLE I

GAINAS MISFET EQUIVALENT CIRCUIT ELEMENTVALUES

lg = 0.240 nH rs = 0.45 Q gm . 100 mS

Id = 0.196 nH rd = 2.0 Q ‘7= 4.8 ~S

1, = 0.075 nH rg = 1.15 Q

c gs = 0.650 PF r2 = L@d = 21K2

cod = 0.127 PF

c~~ = 0.127 PF

Ci = 1.19 xIO-’t pF ri = 0.0111 Q

Cgd = 0.054 pF

Cd, = 0.084 pF

Gate length =1 pm, gate width= 0.56 mm, tOX= 45 nm.

Fig.
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2. Twical configuration of 7– 11 GHz GaInAs MISFET broad-band. .
power amplifier. (a) Distributed matching elements on 0,125 pm afumina,

The tungsten/copper paflet is thermally matched to alumina. The MISFET

chip is flip-mounted with gold–tin solder to a ridge on the pallet. The pallet

is centered in a test fixture (not shown) which includes bias lines, fine

tuning, and SMA connectors. (b) Equivalent transmission lines references to

10 GHz.

power out~ut of 265 ~ 15 mW (0.47 W/mm) with 30+3 percent

power-added efficiency, both over the 7-11 GHz band. ,Also,

a power output of 220+45 mW (0.39 W/mm) with 29 t 4

percent power-added efficiency was obtained over the 6-12 GHz

octave band.

The test fixture contains the necessary dc blocks, biases, and

transmission lines. The reported powers and gains are measured

at the test fixture’s SMA connectom and so reflect actual ampli-

fier perforntance. Including the -0.5 dB totaf fixture loss the

chip-level power in Fig. 3 is 245 ~ :30 mW and the efficiency is

36+ 3 percent.

Fig. 5 shows the small-signal (Pi,, -1 mW) wide-band perfor-

mance of a more recent, subrnicrometer gate-length GaIrtAs

MISFET (gate width -0.56 mm, channel oxide thickness -65

nm) mounted in our standard single.frequency power test fixture.

Chip tuning on input and output was used to obtain a small-sig-
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Fig. 3. Power performance of wide-bamd GaInAs MISFET amplifier stage

Tuned for h,ghest efficiency over 7-11 GHz band.
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Fig. 4. Power performance of wide-band GaInAs MISFET amplifier stage.

Tuned for highest power outpnt over 7-11 GHz band.
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Fig. 5. Wide-band performance of GaInAs MISFET amplifier stage using

0.7-pm-gate-length MISFET.

nal gain of 5 ~ 0.5 dB over the bandwidth of 11.4 to 22.6 GHz.

Again, no corrections were made for circuit losses.

V. SUMMARY AND CONCLUSIONS

The combination of high power density, wide bandwidth, and

high power-added efficiency obtained demonstrates the potential

of GaInAs MISFET’S in wide-band amplifier applications. Fur-

ther development, including subrnicrometer gate lengths and the

use of improved device geometries, will result in significant

improvements to the already good performance of GaInAs MIS-

FET wide-band power amplifiers.
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Reactance of Slotline Short and Open Circuits on

Alumina Substrate

JERZY CHRAMIEC

.4bs&act —Resonant techniques have been employed in order to deter-

mine the equivalent normalized reactance of slotline planar short circuits

and open circuits realized on alumina substrates. Data for slotline short

circuits are presented in a graph covering a wide range of normalized slot

widths. Characteristics of several slotline open circuits are given demon-

strating their resonant behavior and the resulting bandwidth limitation. As
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