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Absrtact

High speed GaAs integrated circuits fabrication technology with
0.5 pm gate length is described. Its new'ly developed features are (1)

buried p'layer SAINT with Si 30 keV'ion implantation , (ii) use of low

d'isl ocat'ion densi ty wafers , and ( i i i ) hi ghly uni form 0.5 Um

lithography. Ll4 frequency dividers show toggle frequencies of 6-7

GHz with 97% yield.

1. Introduction
The potentiality of GaAs ICILSIs for use in

gigabit rate digital communication systems and

hi gh speed computers i s wi dely recogn'ized.

Presently even commercial GaAs chips with 1 !m
gate l ength are becomi ng avai'l abl e.

Recently we have developed a process

featuring a 1 1tm gate 1 ength and a 1.5 um

line-and-space rule using stepper lithography and

react'ive ion etching. Furthermore we applied and

eva'luated low etch pit density wafers and showed

that FET threshold vo'ltage deviation was

suppres.sed to 20 mV for the 1 pm gate length, A 16
/1\

Kb RAM\'/ was a fruitful accomp'lishment of these

technol ogi es.

Currently, Si b'ipolar technology(2) hu,
become more competitive than before. We also have

worked on the enlargement of FET drivability to
achieve high speed ICs. 0ur approach has been a

submicron gate length MESFET with a buried p layer
underneath to suppress the short channe'l effects.
The buried p layer SAINT(3) (BP-SAINT) exhibited
less than 10 ps/gate delay in a ring oscillator
and confirmed its LSI feasibi I itv throuqh the
realization of time switch LSI(4).

Problems associated with 0.5 pm BP-SAINT have

been (i) lack of optimization for shallow active
layer formation and (ii) threshold voltage scatter
due to short gate length. The purpose of this
paper is to present optimization and evaluation of

featuring a 1 1tm gate 1 ength and a 1.5 um
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Fig.1 Schematic of buried p layer SAINT FET.

the shallow active layer and to characterize the
lithography and low EPD wafers for 0.5 !m process

to understand yie'ld improvement.

2. 0.5 um Device Process

2 . 1 Shal I ow Ion Imp'l antati on

The most important FET parameter in rea'lizing
a high speed IC is transconductance (Sr). It has

been predicted that gm can be increased by

sha'llowing the channel depth. The buried p layer
SAINT FET is schematica'lly shown 'in Fig. 1. The p

layer was introduced to suppress the substrate
current. The depth and concentration of the p

layer are so chosen that the built-in depletion
should extend across the whole p 'layer. The first
version of a buried p 1 ayer SAINT FET was

fabricated w'ith 67 keV Si ion implantation for the
n lay.er and 97 keV Be implantation for the p

I A\layer\-/. The FET with u VT of 0 V exhibited
improved gr's of typically 170 mS/mm probably due



to the i ntroducti on of the p 'l ayer that
effective'ly reduces the channe'l thickness. For the

shal 'lower n l ayer impl antati on wi th 30 keV , the

thickness of the p layer and n+ layer should also

be reduced 'in accordance with the n 'layer. However

in th'is experiment, the n' layer was not actuaily
shal I owed accordi ng to the scal e-down I aw si nce

the sha'll owi ng the n* l ayer badly affects the

series resistance (Rr) and thus the gm. t,'lith a

f ixed n* 'l ayer i mp1 antati on of 200 keV , an

optimi zed p 1 ayer imp'lantat'ion energy was

estimated to be 77keV for the 30 keV n 1ayer.

Figure 2 c'learly demonstrates the gm increase in

the sha'l'low impl antation. In the f i gure the g* are

plotted against the FET threshold voltage(Vr) for
two energies. The g, was taken under the condition
of 1 V drain voltage and 0.5-0.6 V gate voltages.
The improvement factor was 1.3 at 230 mS/mm of
Vr=0V. The g, improvement factor was less than the

expected one from the sca'le-down law. This was

because neither the n* nor the p 1 ayers are

shallowed in proportion to the n 'layer

2 .2 Annea'l i ng Optimi zati on

Post-imp'lant activation was carried out using

a thermal furnace flowing inert gas. The wafer cap

for protection was a 0.15 um thick SiN film formed

by a plasma assisted CVD sYstem.

To set the optimized anneal ing temperature

for a shal l ow 30 keV n 'layer, SAINT processed

wafers were annealed at temperatures ranging from

700'C to 800"C. Figure 3 shows gm vs VT

relationships. The results exhibit that 800"C, the
'long established annealing temperature for 67 keV

process give the highest g*. This agrees well with

the n* sheet resistance results in Fig.4. Here S'i

implantation for the n' layer was done thro.ugh-a

0.15 ilm SiN at 200 keV with a dose of 4x1013.t-2.

Anneal t'ime was 10 mi nutes . Thi s experiment

presents the facts that the thermal anneal'ing

temperature for n* layer has an optimum point at

800"C and that the best 9, can be obtained at the

min'imum sheet resi stance for n' 1ayer. Thi s means

R, P'lays a maior role.

2.3 0.5 um Photolithography

De1ineation of each photo process step was

accomplished using a 10:1 stepper. Main features
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of this 'lithographic process are (i) there is no

resist defect as in contact print'ing,(ii) highly
uniform pattern definition, (ii'i) extremely

prec'ise automatic alignment using a laser assisted

stage positioning. These features permit highly
critical pattern layout such as 0.5 pm source-gate

metal separation, 2.5 !m source-drain separat'ion

and 0.5 pm gate meta'l overl ay wi dth and al 1ow

realization of high performance FETs with high

yield
Figure 5 is a histogram of gate lengths in a

2 inch wafer compared with conventional contact
print'ing. Using the stepper a small gate length

scatter of 0.03 pm was obtained for a 0.5 ium gate

length. The SAINT permits submicrometer gate

1 ength si nce the gate i s defined by etching.

2.4 Uniformity Eva'luation for 0.5 Um BP-SAINT

One of the most significant problems in GaAs

LSI has been the scatter of FET characteristics
that were affected by crystal defects. With the

technol ogies described here BP-SAINT FETs

fabricated on a full 2" wafer showed a V, standard
deviation of 30-40 mV even for half micron gate
'l ength.

3. Device Performance

L/ 4 f requency di v i ders 
, radoPt'i 

n9 Low

power Source Coupled FET Logic \-/(LSCFL) were

fabricated and evaluated. It is composed of an ECL

compatible input buffer, 2 fl ipflops, and an

output buffer. The total number of FETs' diodes

and resistors is 76. Figure 6 is a photomicrograph

of the circuit. The chip s'ize was 0.6 mm x 0.85

mm. FET gate iength and width are 0.5 pm and 20 pm

respectively. The frequency dividers were measured

at their designed supply voltages on four wafers.

Fi gure 7 shows a toggle frequency hi stogram

comparing the processes using 67 keV and 30 keV

i on impl antati on energi es ( i n the fo1 I owi ng

chapter these are referred to as version II and

version III). The L/4 dividers us'ing the process

of version iI operated at the maximum toggle

frequency range of 5.2-6 GHz. In contrast to thi s '
for dividers using the version III, all the

successful chips operated in the 6-7 GHz range.

The success chi p yi e'l d was consi derably hi gh 97%

in four wafers. A failed chip was due to bridging

pattern defect in the second layer interconnect
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Fig.5 Gate length h'istogram.

Fig.6 Photomicrograph of Il4 LSCFL frequency

di vi der
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Fig.7 I/4 divider toggle frequency histogram

obtained from four wafers using 30-keV n layer ion

implantation(closed histogram). The same circuits
are compared using 67 keV ion implantation(open
hi stogram) .

between a bias I ine and a signal I ine. The

bridging was probably caused by dust caught on the

wafer and repl icated into the second layer
i nterconnect.
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4. Discussion and Summary

We feel that the GaAs process has reached the

stage of maturity that could provide satisfactory
yield of circuits. So far NTT has published chip

yield data for several MSI-LSI level
//l\ 1tr\

complexities\-/ r\J'f . In general , the yie'ld can be

discussed for a mass production line which has a

large process tolerance. However, we can somet'imes

utilize the y'ie1d to evaluate improvements in the

fabrication process.

The publ i shed yield data and the I atest
results are shown 'in Fig. 8. All of these plotted
here adopt the SCFL configuration. Circu'its with
larger complexities natural'ly have lower yields.
To clarify the stage of improvements for various
ci rcui t compl exi ti es , the sol i d 1 i nes assumi ng the

Poisson distribution Y=.-D0A were also shown,

where DO is randomly distributed defect density of
any type , and A is the active chip area. The

defects can be attributed to dust, scratches,
non-uniformity in Vr or other local abnomalities
in device parameterJ(6). A process with a small

DO can be considered an improved process.
Advancement from version I to version II is

based on the application of low EPD wafers and the

use of stepper lithography. The 'low EPD wafers

effectively reduced the scatters in FET threshold
voltages and the resistance values in ion

impl anted resi stors. The stepper i s al so

effective since it el iminates resjst stripping
defects common 'in contact pri nti ng. No si gn'if i cant

difference has been observed for versions II and

III. However, version III is considerably

superior since it is able to produce faster ICs.

In conclusion, the latest techno'logy which

led to the high-yie'ld, high-speed logic circuits
has been described. Its essential features are h'igh

gm with a shallow active layer, superior uniform,

defectl ess stepper 'l i thography , and the

application of low dislocation density wafers. The

LSCFL I/4 dlvider circuits operated in the 6-7 GHz

range with a high success yie1d. The technology
described here will be promising for production of
ultra high speed GaAs ICILSIs.
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CHIP ACTIVE AREA ( mmz )

Process Lg Lithogrophy n Wofer

I SAINT 0.8pm contoct +EB 67keV
LEC

l BP-SAINI 0.55pm Stepper 67keV Low EPD

LEC

I[ BP-SAINT 0,5pm Stepper 30keV
Low EPD

LEC

Fig.8 Yield vs. chip area relationship for three
processes.


