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Abgract : Millimeter-wave transistor technology is very important for MM IC design and fabrication. An InP HEM T

with saw-toothed source and drain is described. The pattern distortion due to the proximity effect of lithography isa

voided. High yidd InP HEM T with good DC and RF performances is obtained. The device transconductance is

1050mS mm ,threshold voltage is - 1 OV ,and current gain cut off frequency is 120 GHz.
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1 Introduction

High yield HEM T’ sfabrication technology is
very important for MM IC application'™ . For milli-
meter wave HEM Ts,reduction of source and drain
spacing isone of the most eff ective methods to im-
prove their performance' . But this increases tech-
nology difficulty. When the space between the
source and drain reaches 21 m or less ,the proximity
effect of lithography will be serious. In this case,
after source and drain lithography ,actual space be-
tween the source and drain will become less than
that desred. Thisisa hidden troublein the follow-
ing process,because it can result in a short of the
gate metal to the source or drain.

In this paper ,we present a special saw-toothed
source and drain design for an InP based HEM T,
as well as a good result of keeping source and drain

Article ID : 0253-4177(2005) 06-1126-03

pattern size after lithography and metalizition. U-
sing this method we have achieved more than 80 %
yield for an InP HEMT with 22 m source drain
space.

2 Design and exper iment

Based on common HEMT structures, the
source and drain patterns are gecialy desgned. A
transgstor with saw-toothed source and dran is
shown in Fig. 1. The space between the source and
drainis 21 m,the gate length is 0. 121 m,and the
gate width is 421 m. The adjacent edges of the
source and drain are saw-tooth shapes. They con-
sist of 11 small rectanglesfor each sde;the size of
every small rectangle is ¥ m x 21 m and the dis
tance between adjacent rectangles is 21 m. These
little saw-tooth shaped rectangles are connected
with a big rectangle of 31 m x 421 m,and form the
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whole source or drain area.

Fig.1 A part of InP HEMT layout with saw-toothed
source and drain

The HEM T’ s epitaxial layers were grown on
50mm semi-insulating (100) InP substrate by mo-
lecular beam epitaxy (MBE)™ . From bottom to
top ,the layers condst of a 250nm InAlAs buffer,
15nm Ino.ss Gao.az As channel , 3nm Inos2 Alo.ss AS
spacer ,9 planar doping layer (5% 10%cm™?) ,10nm
Ino.s2Alo.4s ASs barrier ,5nm InP etch-stop layer ,and
20nm n" Ino.ss Gao.erA's cap layer.

After lithography for the source and drain,
Au/ Ge/ Ni/ Au ohmic contact metals were evapo-
rated and lifted-off ,and alloyed for 10min in nitro-
gen at 295 .A T-shaped TiPtAu gate wasfabrica
ted with PMMA/ PM GI/ PMMA triple-layer resst
system. E-beam lithography and a standard lift-off
technique were used*' .

3 Result and discussion

Usually lithography conditions and develop-
ment time must be controlled very stringently. By
this new source and drain design,patterns are not
too sensdtive to technology parameters. Source and
drain areas do not remarkably expand in case of o-
ver-development ,as shownin Fig. 2.

Fig.2 Photo of saw-toothed source and drain after de-
velopment

Figure 3 shows the source and drain patterns
with usual structure after development. Spacing be-
tween the source and drain becomes more narrow
due to proximity effect.

Fg.3 Photo of source and drain with usual structure
after development

4 Device perfor mance

Based on these technologies, we have devel-
oped an InP based HEM T with good DC and RF
performances. The transistor fris120GHz and the
Gn 15 1050mS mm.
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5 Conclusion

Usng these saw-toothed source and drain pat-
terns sgace less than 21 mis easy to achieve. This
will be useful for high performance HEM T devices
and IC desgn and fabrications. As a result ,we get
an InP HEMT with 0. 3 m gate length and 3/ m
source drain spacing. The device transconductance
is 1050mY mm ,threshold voltage is - 1 0V ,and
current gain cut off frequency is more than
120GHz. These HEMTs have 16dB gain at
40 GHz. Device fabrication yield is over 80 % by an
on-wafer test.
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