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Abstract : A self2aligned InP/ GaInAs single hete rojunction bip ola r t ransist or ( HB T) is investigated using a novel

T2shaped emit ter . A U2shap ed emit te r layout ,selective wet etching ,laterally etched undercut , and an air2bridge are

applied in t his p rocess . The device ,w hich has a 2μm×12μm U2shap ed emit te r area , demonst rates a common2emit2
ter D C current gain of 170 , an offset voltage of 012V ,a knee voltage of 015V ,and an op en2base breakdow n volt2
age of over 2V . The HB T exhibits good microwave perf ormance wit h a cur rent gain cut off f requency of 85G Hz

and a maximum oscillation f requency of 72G Hz. These results indicate t hat t hese InP/ In GaAs S HB Ts are suitable

f or low2voltage ,low2p ower , and high2f requency applications .
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1　Introduction

InP/ In GaAs HB Ts are at t ractive for micro/
millimeter2wave and ult rahigh2speed O EIC applica2
tions due to t heir excellent performance. To date ,
t he advantage of t he speed of InP2based HB Ts has
been well demonst rated. The highest current gain
cutoff f requency ( f T ) and t he maximum o scillation
f requency ( f max ) have been achieved wit h InP
HB Ts[ 1～6 ] .

Reducing t he base collector capacitance Cbc and
base resistance rb of HB Ts is t he key to improving
t heir performance. Self2alignment technology be2
tween the emit ter and base elect rodes is of ten used
for t his p urpose. However ,it is difficult to p revent
self2aligned B2E f rom shorting because of the crys2
tal orientations. Several techniques can be used to
achieve self2alignment , such as selective wet over2
etching , ECR or ICP dry etching[7 ] ,a T2shaped e2
mitter elect rode[8 ,9 ] , and crystallograp hically de2
fined emit ter contact (CDC) technology[10～12 ] .

As a new way to achieve self2alignment , we
have developed a novel T2shaped emit ter contact u2

sing two2layer dielect ric t hin film ( SiO2 / Si3 N4 ) . In
t his experiment ,to avoid t he influence of B2E shor2
ting ,a novel met hod is used to maintain an accepta2
ble B2E gap . We successf ully fabricate a 2μm ×
12μm self2aligned InP/ In GaAs SHB T t hat demon2
st rates good performance.

2 　Device structure and fabrication
process

2. 1　Epitaxial structure

Our epitaxial layers of lat tice2matched InP/
Ga0. 47 In0. 53 As SHB Ts were grown on 50mm semi2
insulating ( 100 ) InP subst rate wit h a V90 gas2
source molecular beam epitaxy system at t he
Shanghai Instit ute of Microsystem and Information
Technology of the Chinese Academy of Sciences ,
and t he devices were fabricated at t he Compound
Semiconductor Device Depart ment of t he Instit ute
of Microelect ronics at t he Chinese Academy of Sci2
ences.

Group2V arsenic and phosphorus beams are ob2
tained by the thermal cracking of arsine ( AsH3 ) and
phosphine( PH3 ) at high temperatures. 7N2purity ele2
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mental gallium ( Ga) and indium ( In) are used as the
group2Ⅲsources. Silicon ( Si) and beryllium (Be) are
used for n2 and p2type dopants , respectively[13 ] . The
structure is shown in Table 1. This is a typical struc2
ture for an InP/ Ga0. 47 In0. 53 As SHBT. The 5nm undo2
ped Ga0. 47 In0. 53 As between the emitter and base layers
is to prevent the p2type Be2dopant from diffusing into
the emitter layer. The 20nm Si2doped InP layer in the
sub2collector is an etching2stop layer. The highly doped
(315×1019 cm - 3 Be) Ga0. 47 In0. 53 As base layer reduces
the base resistance and improves the microwave per2
formance.

Table 1　Epitaxial st ructure of InP/ Ga0. 47 In0. 53 As SHB T

Layer Material Thickness/ nm Doping/ cm - 3

Emitter contact Ga0. 47 In0. 53 As 150 2×1019

Emitter cap InP 50 1×1019

Emitter InP 100 5×1017

Spacer Ga0. 47 In0. 53 As 5 Undoped

Base Ga0. 47 In0. 53 As 55 3. 5×1019

Collector Ga0. 47 In0. 53 As 600 2×1016

Sub2collector

Ga0. 47 In0. 53 As 50 1×1019

InP 20 1×1019

Ga0. 47 In0. 53 As 400 1×1019

(100) InP SI subst rate

2. 2　Fabrication

Conventional emitter2up InP HB T devices are
fabricated wit h a standard t riple2mesa isolation
process. For achieving a self2aligned base2emit ter ,a
T2shaped emit ter elect rode and selective wet etch2
ing are used.

In our experiment , a two2layer dielect ric t hin
film ( SiO2 / Si3 N4 ) was first deposited on the sur2
face of the cleaned epi2wafer using plasma2en2
hanced chemical vapor deposition ( PECVD) . After
t he U2shaped emit ter pat tern[14 ] was defined by
contact p hoto2lit hograp hy , t he exposed dielect ric
film was removed with a reactive ion etching (RIE)

system to reveal t he emit ter contact layer . Then ,
t he emit ter metal Ti/ Au was deposited and lif ted
off . Next , t he dielect ric film around t he emit ter
metal was also removed by RIE to obtain t he over2
hanging pat tern. A cross2sectional SEM image of
t he T2shaped emit ter elect rode is shown in Fig. 1
( Figure 2 is a map of the process) . Considering the
selectiveness of different etching solutions for sem2
iconductor layers ,we chose H2 O2 / cit ric acid/ H2 O
and HCl ∶H3 PO4 etching solution as t he etchant s
of t he Ga0. 47 In0. 53 As emit ter contact layer and the
InP emit ter layer , respectively. Ti/ Pt/ Au and Ti/

Au layers were used for t he base and collector
Ohmic contact metals , respectively. Finally , copla2
nar pads were connected to the emit ter , base , and
collector metallization by air2bridge technology.

Fig. 1　Cross2sectional SEM image of T2shaped emitter

elect rode

3　Results and discussion

3. 1　DC characteristics

The DC characteristics of t he HB T are meas2
ured by an HP4155A parameter analyzer . Figure 3
shows t he common2emit ter DC characteristics of
t he InP/ In GaAs SHB T , which has a 2μm ×12μm
emit ter area. The peak current gain is over 170.
The InP/ In GaAs SHB T clearly shows a low off set
voltage V off set of approximate 012V. The knee volt2
age V knee is about 015V at Ic = 7mA and is affected
by t he parasitic collector resistance. The break2
down voltage BVceo is over 2V at a 10μA reverse
current . The ideality factors for base and collector
current are nb = 1128 and nc = 1185 , respectively.
These result s indicate t hat t he InP/ In GaAs SHB Ts
fabricated in t his work are suitable for low2voltage
and low2power applications.

3. 2　RF performance

The small signal S parameters of the InP/ In2
GaAs SHB T are measured on2wafer by using an
HP8510C network analyzer . The current gain h21

and maximum available gain (MA G) of t he device
are shown in Fig. 4. f T and f max can be ext rapolated
by extending t he curves at t he - 20dB/ decade line.
From Fig. 4 , f T and f max of t he InP/ In GaAs SHB T
with a 2μm×12μm emitter area are found to be 85
and 72 GHz ,respectively ,at a measured point of V ce

= 1V and Ic = 20mA. Clearly , f max is below f T . The
reason is t hat t he p2type ohmic contact of t he base
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is located on t he 5nm undoped Ga0. 47 In0. 53 As spacer
layer instead of on the 55nm Be2doped Ga0. 47 In0. 53

As base layer surface ,leading to a higher base re2
sistance. Minimizing t he base resistance or base2

collector junction capacitance Cbc improves t he high
f requency performance. The aut hors consider t hat
scaling down t he device size will greatly enhance
t he HB T performance.

Fig. 2　Map of the novel T2shaped emitter fabrication process　(a) Deposit dielect ric and coat photoresist ; (b)

Define the emitter pattern ; (c) Etch dielect ric ; (d) Enlarge the pattern window ; (e) Evaporate the emitter metal ;
(f) Lif t2off and etch dielect ric

Fig. 3 　Common2emitter I2V curves of SHB T with a

2μm×12μm emit te r a rea

4　Conclusion

We have developed a novel T2shaped emit ter
contact using a two2layer dielect ric t hin film
(SiO2 / Si3 N4 ) to manufact ure a 2μm×12μm self2a2
ligned InP/ In GaAs SHB T ,which shows perfect DC

Fig. 4 　High2f requency performance of 2μm ×12μm

InP/ In GaAs S HB T at Vce = 1V and Ic = 20mA

characteristics of V off set ≈ 01 2V , V knee ≈ 015V , and
BVceo > 2V. The devices fabricated here demon2
st rate good microwave performance wit h f T =
85 GHz and f max = 72 GHz. The above2mentioned re2
sult s indicate that t he devices have great potential
in low2voltage , low2power , and high2f requency ap2
plications. Optimizing t he material growt h , device
st ruct ure , and manufact uring process of t he InP/
In GaAs SHB T could lead to much higher perform2
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ance in f ut ure.

Acknowledgement 　 The authors would like to
t hank Xu Anhuai and Qiming of t he Shanghai In2
stit ute of Microsystem and Information Technology
at t he Chinese Academy of Sciences for t heir help
with the epitaxial materials. We also app reciate the
help of t he members of the compound semiconduc2
tor device depart ment of t he Instit ute of Microelec2
t ronics at t he Chinese Academy of Sciences.

References

[ 1 ] 　Cui Delong. Indium phosphide2based materials and hetero2
st ructure devices , and t heir applications in monolit hic inte2
grated npn and pnp HB T circuit s. PhD Dissertation ,Univer2
sity of Michigan ,2001

[ 2 ] 　Yi Changhyun. InP2based HB Ts for high speed and RF appli2
cations : advanced emitter2base designs. PhD Dissertation ,

Georgia Institute of Technology ,2002

[ 3 ] 　Hattendorf M L . Submicron scaling in indium phosphide indi2
um gallium arsenide single heterojunction bipolar t ran2
sistors. PhD Dissertation , University of Illinois at Urbana2
Champaign ,2002

[ 4 ] 　Yu D ,Lee K , Kim B ,et al . Ult ra high2speed InP/ In GaAs SH2
B Ts wit h f max of 478 GHz. IEEE Elect ron Device Let t ,2003 ,

24 (6) :384

[ 5 ] 　Li Xianjie , Cai Daomin , Zeng Qingming , et al . Self2aligned

InP/ In GaAs single heterojunction bipolar t ransistor wit h no2
vel micro2airbridge st ructure and quasi2coplanar contact s.

Chin Phys Lett ,2003 ,20 (2) :311

[ 6 ]　Feng M. InP set to break t he speed limit . Compound Semicon2
ductor ,2005 ,11 (1) :18

[ 7 ] 　Et rillard J ,Blayac S ,Riet M. A selective low induced damage

ICP dry etching process for a self2aligned InP/ In GaAs HB T

technology. Elevent h International Conference on Indium

Phosphide and Related Materials ,1999 :369

[ 8 ] 　Masuda H , Tanoue T ,Oka T ,et al . Novel self2aligned sub2mi2
cron emitter InP/ In GaAs HB Ts using T2shaped emitter elec2
t rode. Proceedings of Indium Phosphide and Related Materi2
als ,1995 :644

[ 9 ] 　Liu Xunchun , Li Wuxia , Wang Runmei , et al . Fabrication

met hod of t ransistor T2shaped emitter or gate metal pattern.

Chinese Patent , Invention Patent , No. I2001034. 2001203206
(in Chinese) [刘训春 ,李无瑕 ,王润梅 ,等.晶体管 T型发射
极或栅金属图形的制造方法. 中国专利 ,发明专利 ,

I2001034. 2001203206 ]

[ 10 ] 　Kim M ,Jeon S K , Shin S H ,et al . New self2aligned InP/ In2
GaAs HB Ts wit h In GaAs dummy emitter for crystallograph2
ically defined emitter contact . International Conference on In2
dium Phosphide and Related Materials ,2003 :130

[ 11 ] 　Shigemat su H , Iwai T ,Mat sumiya Y ,et al . Ult rahigh f T and

f max new self2alignment InP/ In GaAs HB Ts wit h a highly Be2
doped base layer grown by AL E/ MOCVD. IEEE Elect ron

Device Lett ,1995 ,16 (2) :55

[ 12 ] 　He G , Howard J ,Le M ,et al . Self2aligned InP D HB T wit h f t

and f max over 300 GHz in a new manufacturable technology.

IEEE Elect ron Device Lett ,2004 ,25 (8) :520

[13 ] 　Xu Anhuai ,Zou Lu ,Chen Xiaojie ,et al. Growth and characteriza2
tion of InGaAs/ InP HBT structural materials by GSMBE. Chi2
nese Journal of Rare Metals ,2004 ,28 (3) :516(in Chinese) [徐安
怀 ,邹路 ,陈晓杰 ,等. InGaAs/ InP HBT材料的 GSMBE生长
及其特性研究.稀有金属 ,2004 ,28(3) :516]

[ 14 ] 　Bai Dafu ,Liu Xunchun , Wang Runmei ,et al . Super perform2
ance In GaP/ GaAs HB T wit h novel st ructure. Chinese Jour2
nal of Semiconductors ,2004 ,25 (7) : 756 (in Chinese) [白大
夫 ,刘训春 ,王润梅 ,等.高性能新结构 In GaP/ GaAs异质结
双极型晶体管.半导体学报 ,2004 ,25 (7) :756 ]

采用新的 T型发射极技术的自对准 InP/ Ga InAs
单异质结双极晶体管的性能

苏树兵1 ,­　刘训春1 　刘新宇1 　于进勇1 　王润梅1 　徐安怀2 　齐　鸣2

(1 中国科学院微电子研究所 , 北京　100029)

(2 中国科学院上海微系统与信息技术研究所 , 上海　200050)

摘要 : 研究了一种采用新的 T型发射极技术的自对准 InP/ GaInAs单异质结双极晶体管.采用了 U 型发射极图形
结构、选择性湿法腐蚀、L EU以及空气桥等技术 ,成功制作了 U 型发射极尺寸为 2μm ×12μm 的器件.该器件的共
射直流增益达到 170 ,残余电压约为 012V ,膝点电压仅为 015V ,而击穿电压超过了 2V .器件的截止频率达到
85G Hz ,最大振荡频率为 72G Hz ,这些特性使此类器件更适合于低压、低功耗及高频方面的应用.
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