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Abstract — This paper describes a successfully developed
field-modulating plate (FP) InGaP MESFET with an
extremely high breakdown voltage of 100V. The FP-FET,
consisting of a 2.62 mm gate width, delivered an output
power of 4.2 W, an output power density of 1.6 W/mm at
1.95 GHz operated at a drain bias (Vd) of 55 V. A low 3rd-
order intermodulation distortion (IM3) of –31 dBc was also
achieved at 8 dB back-off from saturation power. These
results show the developed FET is suited for applications in
the next generation cellar base station.

I. INTRODUCTION

High output power amplifier with low distortion is

strongly required for next generation wireless-

communication system. A field-modulating plate (FP)

GaAs HFET under high drain voltage operation has been

developed to satisfy these demands. [1-3]

In order to operate the device at higher voltages, a novel

FP InGaP MESFET was fabricated, taking an advantage of

higher band gap and lower impact ionization coefficient of

InGaP [4]. The FP InGaP MESFET exhibited extremely

high gate-to-drain breakdown voltage (BVgd)

characteristics with a reasonable maximum drain current

(Imax), which significantly improves the trade-off

relationship between Imax and BVgd. Due to the superior

breakdown characteristics, RF power operation under a

highest drain voltage supply, ever reported in any GaAs-

based FETs, was successfully achieved. Low distortion

characteristics under RF power operation at high drain

voltage were also demonstrated.

II. DEVICE FABRICATION AND DC PERFORMANCE

Figure 1 shows a cross-sectional view of the developed

FP InGaP MESFET. Epitaxial layers consist of a buffer

layer, a 150 nm thick InGaP channel layer with Si doping

of 3×10
17

cm
–3

, an undoped InGaP Schottky layer, and a

Si-doped GaAs ohmic contact layer. To obtain both BVgd

and low ohmic contact resistance, a wide-recess structure

was employed. After standard GaAs-based FET processing,

an FP electrode was formed on the 100 nm thick SiO2

surface passivation layer in the gate-drain recessed region.

The gate length (Lg) and the FP length (Lf) were 1.5 µm

and 0.7 µm, respectively.

Figures 2 and 3 show the drain I-V characteristics and

the gate-to-drain reverse breakdown characteristics,

respectively. The fabricated FP InGaP MESFET exhibited

a maximum drain current (Imax) of 200 mA/mm, and a

threshold voltage of –3.9 V. The transconductance was

45 mS/mm. BVgd was over 100 V. To our knowledge, this

is the highest breakdown voltage ever reported for all

GaAs-based FETs. This correlation between Imax and BVgd

surpasses that of the conventional GaAs HFET, as shown

in Fig. 4.

Figure 5 shows drain current dispersion under pulse

operation. The gate was driven from –5 V to +1 V with a

pulse width between 10 µsec and 100 msec, and the drain

current was measured while the FET was turned on

(Vgs = +1 V). The fabricated FP-FET exhibited no

appreciable frequency dispersion in the pulse I-V

characteristics, ensuring high output power performance

capability with good linearity.

Fig. 1. Cross sectional view of developed FP InGaP MESFET.

Lg and Lf are 1.2 µm, and 1.0 µm, respectively.
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Fig. 2. Drain I-V characteristics for FP InGaP MESFET. Gate

voltage (Vg) was changed from +2 V to –5 V in 1 V step.
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Fig. 3. Gate breakdown characteristics for FP InGaP

MESFET.
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Fig. 4. Imax versus BVgd for FP InGaP MESFET, InGaP

HFET[4], and GaAs-channel HFET. Dashed lines represent

Imax × BVgd = 10, 15, and 20 W/mm.
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Fig. 5. Pulse I-V characteristics for FP InGaP MESFET. The

gate was driven from –5 V to +1 V with a pulse with between

10 µsec and 100 msec, and the drain current was measured while
the FET was turned on (Vgs = +1 V).

III. RF PERFORMANCE

Small signal gain performances were evaluated for the

FETs with (with-FP) and without FP (w/o-FP). Gate width

of the devices was 200 µm. Figure 6 shows the drain bias-

voltage (Vd) dependence of maximum stable gain (MSG)

at 2 GH. At a low drain bias-voltage (Vd) (less than 15 V),

MSG of the FP FET was smaller than that of the FET

without FP. This is attributed to the larger gate capacitance

for the FP-FET at low Vd. However, it was found that the

gain was improved with an increase in Vd. Thus the

difference in gain characteristics between FETs with and

without FP became negligible. The improved gain

observed at higher drain bias voltages for the FP-FET is

reasonably explained by the relatively reduced

contribution of gate capacitance associated with FP.

RF power performance was evaluated at 1.95 GHz for

the FP-FET with 2.62 mm gate width. Figure 7 shows Vd

dependence of output power density and power-added

efficiency (PAE). For comparison, data for FETs without

FP are also plotted in the figure. The devices were

matched for a maximum output power at each bias. The

FP-FET exhibited a linear increase in the output power up

to 55 V, where a power density achieved 1.6 W/mm. This

high power density is comparable to the record value

established for an FP GaAs HFET at 35 V [1]. Moreover

the FP InGaP MESFET maintained the high PAE of more

than 45 % between 30 and 55 V. The FET without FP,

however, exhibited negligible increase in the output power

density and decrease in the PAE with increasing Vd.
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Fig. 6. Maximum stable gain (MSG) versus drain voltage for

InGaP MESFETs with (○) and without FP (■). Gate width of the
FETs measured was 200 µm.
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Fig. 7. Drain voltage dependence of output power density and

power added efficiency of the FETs with (○,□) and without FP

(●,■).

Figure 8 shows the output power (Pout) and the PAE of

the FP InGaP MESFET as a function of input power at Vd

of 55 V. A saturation power of 4.3W (36.3 dBm) was

achieved for the FP-FET with a linear gain of 11.9 dB and

a PAE of 47 %. To our knowledge, this is the first 50 V

RF power operation for a GaAs-based FET. This high

voltage operation with high PAE results from high BVgd

with reasonable Imax mentioned above.

The 3rd order intermodulation distortion (IM3)

characteristics (f0=1.95 GHz, ∆f=1 MHz) for the FP

InGaP MESFET was evaluated at Vd = 20 V and 45 V, as

shown in Fig. 9. For comparison, IM3 for the GaAs-

channel HFET evaluated at Vd =10 V was also plotted.

The FP FET revealed lower IM3 plateau level than that of

the GaAs HFET. Moreover, appreciable improvement in

IM3 was achieved with increasing Vd from 20 V to 45 V.

At 8 dB power back-off from saturation power, the IM3

for the FP InGaP MESFET at Vd = 45 V was –31 dBc. It

is considered that these low distortion characteristics are

caused by the low and linear drain conductance and the

large load impedance of the FP InGaP MESFET operated

at high Vd condition [3]. These results suggest that the FP

InGaP MESFET is suitable for high power amplifier

applications, where both high voltage operation and low

distortion characteristics are required.
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Fig. 8. Output power (Pout) and power-added efficiency versus

input power at 1.95 GHz and Vd=55 V
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Fig. 9. 3rd order intermodulation distortion (IM3) as a
function of back-off power from saturation power. Solid
line and dashed line represent results for FP InGaP
MESFET operated at 45 V and 20 V, respectively. Solid
and dashed line represents for GaAs HFET operated at
10 V.
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IV. SUMMARY

We have successfully fabricated a low distortion FP

InGaP MESFET with a high breakdown voltage. The

highest BVgd of 100V and RF operation voltage of 55 V

were achieved. A saturation power density of 1.6W/mm

and PAE of 47 % were obtained at 1.95GHz under 55 V

operation. Low IM3 of -31 dBc was obtained at 8 dB

power back-off under 45 V operation.

These results indicate that the developed FP InGaP

MESFET is promising as high-voltage power device with

low-distortion characteristics for the next generation

wireless communication systems.
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