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This work presents miIlimeter wave performance achieved by ion-implanted InGaAs/‘GaAs 
metal semiconductor field-effect transistor devices. A current gain cutoff frequency fZ 
of 126 GHz and maximum frequency of oscillation f,,, of 232 GEiz have been measured for 
0.20 pm gate length devices. The f, and low-field Hall mDbiIity data, measured at 300 
and 112 K, lead us to conclude that the average electron velocity under the gate is mainly due 
to the high-field velocity rather than low-field electron mtibility. 

InCaAs materials have been recognized for high-fre- 
quency and high-speed device applications due to the large 
energy separation between I? and L valleys. Molecular 
beam epitaxy (MBE) grown InO.osG%.pzAs/GaAs meta 
semiconductor field-effect transistors -IMESFETs) with a 
0.5 ,um gate length have demonstrated excellent microwave 
performance with an f, of 36 GHz and an j*,,,, of 65 GHz.’ 
Subsequently, ion-implanted MESFETs with a 0.5 pm gate 
length fabricated on I%.lGa(l.gAs/GaAs and 
Ino,,,Ga,,,,As/GaAs grown by metalorganic chemical va- 
por deposition (MOCVD) have achieved an f, of 61 
GHz’*~ This result is comparable to the highest J; of’ 62 
GHz achieved by InGaAsiGaAs pseudomorphic high 
electron mobility transistors (HEMTs) with 0.5 ym gate 
Iengths.J 

In this work, 0.25~CLrn gate length InGaAs MESFETs 
were fabricated by ion implantation into l&Gal _ ,As 
grown by MOCVD on a GaAs substrate. Microwave per- 
formance was measured with an f, of 126 GHz and f,,,,, of 
232 GHz. The ,f, data and Iow-field Hall mobility data 
were also measured at 300 and at 112 K. 

The InGaAs epitatial Iayer is grown directly on 3 in. 
@aAs substrates by MOCVD techniques. The material 
structure consists of an undoped, 600 w layer of 
Ino,lsGao,szAs follosved by an undoped, 1000~A-thick layer 
of In,Gal _ ,,4s with the indium composition graded from 
x = 0.18 to x = 0 at the surface. The advantage for graded 
InXGal _ &s layer is to improve the Schottky gate barrier 
height and, therefore, to reduce the gate leakage current. 

The MESFET active channel is formed by ion-im- 
planted Si + 29 ion species and subsequent capless anneal- 
ing at 850°C for 20 min. The surface morphology is 
smooth for the as-grown InGaAs layer, however, the im- 
planted and annealed InGaAs layers show a few visible 
strained lines on the surface. From the capacitance voltage 
(C-V) measurement, the peak carrier concentration of 
2~ lo’* cm .~- ’ occurred at 0.08 pm. The carrier concen- 
tration of 1.8~ 10’s cm-“, sheet resistance of 273 
a/square, and mobility of 1068 cm”/V s are obtained by 
HaII measurement:-This mobility is l/Z times lower com- 
pared to the epitaxial sample, which leads us to suggest 

either that implanted damage is~ not fulIy recovered or that 
the higher dislocations exist-in the InGaAs buffer layer. 
Further study is needed to clarify these issues. The implant 
activation is 85%. 

Electron beam direct write is used to define 0.25 pm 
T-shaped gates with widths of 200, 150, 100, and 50 pm. 
The recess etch depth is around 500 A. ‘WPt/Au gate 
metal is evaporated after recess etch. The drain-to-source 
spacing is 2.0 pm. The gate-to-source spacing is 11.25 pm to 
reduce the source resistance. Device isolation is achieved 
by mesa etching. 

The drain current as a function of gate voltage for a 
0.25 X 200 ,um gate TtiGaAs MESFET is shown in Fig. 1. 
At V, -.- 0 V and Yds - 1.6 V, this device shows an extrin-m 
sic fransconductance of 428 mS/mm, the output conduc-mm 
tance of 40 mS/mm at a current density of 420 mAi‘mm. 
The transconductance for a typical 0.2% SO ,um gate- 
InGa& MESFET is 458 + 2 1 mS/mm ( average over 15 
MESFETs) at VRg = 0 V and V,, =1.6~V. 

Microwave S parameters for 139 of 0.25 X 200 pm im- 
planted devices across a 3 in. wafer are measured over the 
0.5-25 GHz frequency range at Yss -I 0 V and V,, z=: 1.6 V 
using an HP8510 automatic network analyzer with Cas- 
cade Microtech microwave probes. The S, is obtained by 
extrapolating IMZ1 f to unity gain with a - 6 dWoctave 
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FIG. I. Drain current (I& and drain voltage f vd,r as a function of gate 
voltage for B typical 0.25 x 200 pm gate, impianted InGaAs/GaAs Ml%.- 
FEZT. 
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