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Lattice2Matched InP2Based HEMTs with f T of 120 GHz 3
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Abstract : Lattice2matched InP2based InAlAs/ In GaAs H EM Ts with 120 GHz cutoff f requency are reported. These

devices demonst rate excellent DC characteristics :the extrinsic t ransconductance of 600mS/ mm ,the threshold voltage

of - 112V ,and the maximum current density of 500mA/ mm.

Key words : cutoff f requency ; high elect ron mobility t ransistors ; InAlAs/ In GaAs ; InP

EEACC : 2506S

CLC number : TN386　　　Document code : A　　　Article ID : 025324177 (2005) 0320472204

1　Introduction

High elect ron mobility t ransistors ( H EM Ts)

have been demonst rated excellent high2f requency

and low2noise performance because of t he superior

t ransport p roperties. The applications of H EM Ts

can meet t he demand of two important aspect s :

high2speed optical2fiber communication systems

and high2f requency wireless systems ,such as milli2
meter2wave ( 30～ 300 GHz ) communication sys2
tems[ 1 ] .

InP2based H EM Ts have superior elect ronic

t ransport p roperties to GaAs2based st ruct ures due

to the large band separation , low effective mass ,

high low2field elect ron mobility ,high elect ron satu2
ration velocity , and high sheet carrier densities in

t he In GaAs channel [ 2 ] . They are p romising devices

to achieve ult rahigh2speed operation because of the

superior elect ronic t ransport p roperties mentioned

above ,which are achieved by the InAlAs/ In GaAs/

InP material system. In recent years , InP2based

H EM Ts have been leading t he highest current2gain

cutoff f requency ( f T ) in solid2state devices. Several

group s have fabricated InP2based H EM Ts wit h f T

over 350 GHz[3～6 ] . The highest f T ever reported

was 472 GHz for lat tice2matched H EM Ts and

562 GHz for p seudomorp hic H EM Ts[7 ] . However ,

t he research on InP2based H EM Ts in our count ry

is behind ot hers and t he report about t his aspect is

relatively lack. In t his article ,we report t he lattice2
matched InP2based InAlAs/ In GaAs H EM Ts wit h

f T of 120 GHz ,including t he device st ruct ure ,fabri2
cation process ,DC and RF performances.

2　Material structure

The lat tice2matched H EM T epitaxial layers

were grown on 50mm semi2insulating ( 100) InP

subst rate by molecular beam epitaxy ( MB E) . The

layers shown in Fig. 1 ,consist s of a 300nm In0. 522
Al0. 48 As buffer layer ,15nm In0. 53 Ga0. 48 As channel

layer , 3nm In0. 52 Al0. 48 As spacer layer , Si planar

doped ( 5 ×1012 cm - 2 ) layer , 10nm In0. 52 Al0. 48 As
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barrier layer , 6nm InP etching2stopper layer , and

25nm Si2doped ( 1 ×1019 cm - 3 ) n + 2In0. 53 Ga0. 47 As

cap layer . All t he layers are lat tice2matched to the

InP subst rate. Hall measurement s show a two2di2
mensional elect ron gas ( 2DEG) sheet density of

3132×1012 cm - 2 and a mobility of 9290cm2 / (V ·s)

at room temperat ure. In our experiment s , we use

two kinds of subst rate p rovided by MB E technolo2
gy ,Singapore and Shanghai Instit ute of Microsys2
tem and Information Technology ,Chinese Academy

of Sciences.

Fig. 1　Schematic cross2section of InP H EM T

3　Fabrication process

Source and drain elect rodes were made first .

The source and drain pat terns were generated wit h

elect ronic beam ( EB) direct writing. The Ohmic

contact was formed wit h Au GeNi/ Au metallization

and alloyed af ter lif t2off at a wafer temperat ure of

285℃for 10min in nit rogen. The temperature must

be well cont rolled because fine Ohmic contact

would be hard to form in lower temperat ure and

degradation of the eptiaxial st ruct ure would occur

to worsen t he DC and RF performance of H EM Ts

in higher temperature above 300℃. Then the de2
vices were isolated wit h mesa isolation by wet

chemical etching using H3 PO4 / H2 O2 / H2 O solu2
tion. Next the Ti/ Au connecting wire and testing

pad metal were evaporated by elect ronic beam e2
vaporation system.

The gate formation process was similar to t hat

of our p revious works[8 ] and only t he gate2metal

t hickness was adjusted. We used a novel PMMA/

PM GI/ PMMA trilayer resistance st ruct ure ,get ting

t he gate pat tern by a single alignment ,EB exposure

and a series of develop ment step s. The gate recess

etching was t hen performed with H2 SO4 / H2 O2 /

H2 O solution while temperat ure cont rol and ult ra2
sonic were complemented. Finally , t he Ti/ Pt/ Au

gate metal was evaporated and lif ted off . Figure 2 is

t he p hotograp h of t he device we obtained , wit h

014μm of gate lengt h ,2 ×50μm of gate width and

210μm of source to drain distance.

Fig. 2　Partial photograph of InP H EM T

4　Device performance

The DC and RF characteristics were measured

at room temperat ure. Figure 3 shows the typical

I2V characteristics of t he H EM Ts measured by

HP4155. The gate2source voltage V GS is decreased

f rom 0 to - 112V in - 012V step s and t he device is

well pinched off at V GS = - 112V. The maximum

DC t ransconductance gm is 602mS/ mm , shown in

Fig. 4. The gate to drain breakdown voltage is

about - 1V , measured under t he gate current of 1

mA/ mm , shown in Fig. 5. The on2state drain to

source breakdown voltage ,i . e. V GS = 0V ,is 311V.

S2parameters ,shown in Fig. 6 ,were measured

in a f requency range f rom 01 1 to 1511 GHz in

011 GHz step s by HP8510C network analyzer and
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Fig. 3　I2V characteristics of InP H EM T

Fig. 4　IDS and gm versus V GS of InP H EM T

Fig. 5　Breakdown characteristics of gate2drain

cascade on wafer p robes. Figure 7 shows t he f re2
quency dependence of current gain ( | h21 | 2 ) and

maximum available/ stable power gain ( MA G/

MSG) of H EM T. The drain2source voltage V DS is

018V ,and gate2source voltage V GS is - 016V. The

parasitic capacitance caused by t he probing pads is

subt racted f rom the measured S2parameters. f T of

120 GHz is obtained by t he ext rapolation of | h21 | 2

in a f requency range f rom 011 to 1511 GHz ,where

t he slope of least2squares fit ting of | h21 | 2 is

- 20dB/ decade , as expected. The f max is only

40 GHz ,where t he slope is - 40dB/ decade due to

t he singularity.

Fig. 6　S2parameters of InP H EM T　(a) S11 , S21 , and

S22 ; (b) S12

Fig. 7 　Current gain and maximum available/ stable

power gain
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5　Summary

The lat tice2matched InP2based InAlAs/ In2
GaAs H EM Ts wit h 120 GHz cutoff f requency are

fabricated and characterized. f max is much lower

t han f T mainly because of the parasitic parameters.

In order to get higher f T , f max , and more reliable

devices in f ut ure , much at tentation should be paid

to solve the problems in fabrication process we

found.
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截止频率为 120 GHz的晶格匹配 InP基 HEMT3

陈立强　张海英　尹军舰　钱　鹤　牛洁斌

(中国科学院微电子研究所 , 北京　100029)

摘要 : 报道了具有良好直流特性的晶格匹配 InP基 H EM T ,器件的跨导为 600mS/ mm ,阈值电压为 - 112V ,最大

电流密度为 500mA/ mm ,截止频率为 120 GHz.
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