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Abstract : Millimeter2wave transistor technology is very important for MMIC design and fabrication. An InP H EM T

with saw2toothed source and drain is described. The pattern distortion due to the proximity effect of lithography is a2
voided. High yield InP H EM T with good DC and RF performances is obtained. The device t ransconductance is

1050mS/ mm ,threshold voltage is - 110V ,and current gain cut off f requency is 120 GHz.

Key words : InP ; H EM T ; MMIC

EEACC : 2560S

CLC number : TN386 　　　Document code : A 　　　Article ID : 025324177 (2005) 0621126203

1 　Introduction

High yield H EM T’s fabrication technology is

very important for MMIC application[1 ] . For milli2
meter wave H EM Ts ,reduction of source and drain

spacing is one of t he most effective met hods to im2
prove t heir performance[2 ] . But t his increases tech2
nology difficulty. When t he space between the

source and drain reaches 2μm or less ,t he p roximity

effect of lit hograp hy will be serious. In t his case ,

af ter source and drain lit hograp hy ,act ual space be2
tween the source and drain will become less t han

t hat desired. This is a hidden t rouble in the follow2
ing process ,because it can result in a short of the

gate metal to the source or drain.

In t his paper ,we present a special saw2toot hed

source and drain design for an InP based H EM T ,

as well as a good result of keeping source and drain

pat tern size af ter lit hograp hy and metalizition. U2
sing t his met hod we have achieved more t han 80 %

yield for an InP H EM T wit h 2μm source drain

space.

2 　Design and experiment

Based on common H EM T st ruct ures , t he

source and drain pat terns are specially designed. A

t ransistor with saw2toot hed source and drain is

shown in Fig. 1. The space between the source and

drain is 2μm , t he gate lengt h is 0112μm , and t he

gate width is 42μm. The adjacent edges of t he

source and drain are saw2toot h shapes. They con2
sist of 11 small rectangles for each side ; t he size of

every small rectangle is 1μm ×2μm and the dis2
tance between adjacent rectangles is 2μm. These

lit tle saw2toot h shaped rectangles are connected

with a big rectangle of 5μm ×42μm ,and form t he
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whole source or drain area.

Fig. 1 　A part of InP H EM T layout with saw2toothed

source and drain

The H EM T’s epitaxial layers were grown on

50mm semi2insulating (100) InP subst rate by mo2
lecular beam epitaxy ( MB E) [3 ] . From bottom to

top ,t he layers consist of a 250nm InAlAs buffer ,

15nm In0. 53 Ga0. 47 As channel , 3nm In0. 52 Al0. 48 As

spacer ,Si planar doping layer (5 ×1012 cm - 2 ) ,10nm

In0. 52 Al0. 48 As barrier ,5nm InP etch2stop layer ,and

20nm n + In0. 53 Ga0. 47 As cap layer .

Af ter lit hograp hy for t he source and drain ,

Au/ Ge/ Ni/ Au ohmic contact metals were evapo2
rated and lif ted2off ,and alloyed for 10min in nit ro2
gen at 295 ℃. A T2shaped TiPtAu gate was fabrica2
ted wit h PMMA/ PM GI/ PMMA triple2layer resist

system. E2beam lit hograp hy and a standard lif t2off

technique were used[4 ,5 ] .

3 　Result and discussion

U sually lit hograp hy conditions and develop2
ment time must be cont rolled very st ringently. By

t his new source and drain design ,pat terns are not

too sensitive to technology parameters. Source and

drain areas do not remarkably expand in case of o2
ver2develop ment ,as shown in Fig. 2.

Fig. 2 　Photo of saw2toothed source and drain after de2
velopment

Figure 3 shows the source and drain patterns

with usual st ruct ure af ter develop ment . Spacing be2
tween t he source and drain becomes more narrow

due to p roximity effect .

Fig. 3 　Photo of source and drain with usual st ructure

after development

4 　Device performance

Based on t hese technologies , we have devel2
oped an InP based H EM T wit h good DC and RF

performances. The t ransistor f T is 120 GHz and t he

Gm is 1050mS/ mm.

Fig. 4 　Gm and Ids versus V gs

5 　Conclusion

U sing t hese saw2toothed source and drain pat2
terns space less t han 2μm is easy to achieve. This

will be usef ul for high performance H EM T devices

and IC design and fabrications. As a result ,we get

an InP H EM T wit h 012μm gate lengt h and 2μm

source drain spacing. The device t ransconductance

is 1050mS/ mm , t hreshold voltage is - 110V , and

current gain cut off f requency is more than

120 GHz. These H EM Ts have 16dB gain at

40 GHz. Device fabrication yield is over 80 % by an

on2wafer test .
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Fig. 5 　DC and RF performance
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锯齿型源漏结构的新型 InP 基 HEMT器件 3

张海英 　刘训春 　尹军舰 　陈立强 　王润梅 　牛洁斌 　刘 　明

(中国科学院微电子研究所 , 北京　100029)

摘要 : 毫米波晶体管的制作技术是微波电路设计和制造的基础 . 从优化器件结构的角度 ,提出了一种锯齿型源漏

的新型 InP 基 H EM T 器件 .实验证明 ,采用这种结构可以减少光刻过程中临近效应的影响 ,改善源漏的图形形貌 ,

提高器件制做的成品率. 获得了具有良好直流和微波特性的晶体管 ,其跨导达到 1050mS/ mm ,阈值电压为 - 110V ,

截止频率达到 120 GHz.
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