
第 27 卷 　第 5 期
2006 年 5 月

半 　导 　体 　学 　报
CHIN ESE J OURNAL OF SEMICONDUCTORS

Vol. 27 　No. 5
May ,2006

3 Project supported by t he Knowledge Innovation Engineering of t he Chinese Academy of Sciences (No . KGX22101)

 Corresponding aut hor . Email :weiyang @ustc. edu

　Received 15 November 2005 ,revised manuscript received 17 February 2006 Ζ 2006 Chinese Institute of Elect ronics

Alloy Temperature Dependence of Off set Voltage and Ohmic
Contact Resistance in Thin Base In GaP/ GaAs HBTs 3

Yang Wei , Liu Xunchun , Zhu Min , Wang Runmei , and Shen Huajun
( I nst it ute of Microelect ronics , Chinese A cadem y of Sciences , Bei j ing 　100029 , China)

Abstract : The alloy temp erature dep endence of Voffset and Rcontact is studied , and an op timal alloy temperature

range f or t he best t rade2off between Voffset and Rcontact is given f or t hin base HB Ts . In addition , t he reason f or t he

high Voffset at high alloy temp erature is interp reted using Schot t ky clamped t heory. The lower Voffset of our U2
shaped emit te r HB T t han t hat of t raditional st rip emit ter HB Ts is explained.
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1 　Introduction

In Ga P/ GaAs HB Ts have inherent advantages ,
including low 1/ f noise , low manufact uring cost ,
and a reliable fabrication process , t hat make t hem
att ractive for use in MMIC circuit s[ 1～5 ] . The cutoff

f requency f t of a device is a key parameter that di2
rectly confines circuit operation speed[6 ] . Decrea2
sing t he base t hickness is an effective way to en2
hance f t . In t he fabrication of HB Ts , a high2tem2
perat ure alloy process is usually adopted to form an
ohmic contact to t he collector . It is necessary to
consider t he influence of high alloy temperat ure on
t he t hin base HB T. An excessive alloy temperat ure
of t he collector metal will induce a high off set volt2
age (V offset ) ,while an insufficient alloy temperat ure
will be bad for t he formation of ohmic contact to
t he collector ,and a bad contact will lead to a high
specific contact resistance ( Rcontact ) . An HB T’s per2
formance is greatly affected under bot h condi2
tions[7～9 ] .

In t his paper , t he alloy temperat ure depend2
ence of V offset and Rcontact has been st udied. In addi2
tion ,t he reason for t he high V offset at high alloy tem2
perat ure is interp reted using Schott ky clamped t he2
ory. The lower V offset in our U2shaped emitter HB T
t han that in t raditional st rip emitter HB Ts is ex2
plained by a formula deduced f rom the f undamental

device equation.

2 　Experiment

Epitaxial st ructure plays a key role in an
HB T’s performance. A 100mm GaAs2subst rate ep2
itaxial wafer grown by MB E was provided by t he
Shanghai Instit ute of Microsystem and Information
Technology of the Chinese Academy of Sciences.
The st ruct ure of t he epitaxial layers is shown in
Table 1. A high concent ration of indium in the 9t h
layer help s form a good ohmic contact between t he
emit ter metal and epitaxy layer . The 4t h layer ,as a
base layer , is designed wit h a t hickness of only
40nm to enhance f t ,whereas t he normal base layer
t hickness is over 70nm.

Table 1 　Structure of the epitaxial layers

Layer No. Composition x
Thickness

/ nm

Doping

/ cm - 3 Dopant

9 In x Ga1 - x As 0. 6 50 > 1 ×1019 Si

8 In x Ga1 - x As 0. 6～0 50 > 1 ×1019 Si

7 GaAs 120 5 ×1018 Si

6 In x Ga1 - x P 0. 5 50 3 ×1017 Si

5 GaAs 3 Undoped

4 GaAs 40 4 ×1019 Be

3 GaAs 2 Undoped

2 GaAs 150 2 ×1016 Si

1 GaAs 500 5 ×1018 Si

SI GaAs subst rate
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In t he device fabrication , t he key process in2
volved a self2aligned U2shaped emit ter , a lateral
etched undercut (L EU) ,a high temperat ure alloy ,
etc.

In t he self2aligned emit ter , t he emitter metal
act s as t he mask for etching t he emitter and as a
shield in depositing t he base metal .

The majority of t he ext rinsic base2collector
junction area is removed by L EU [10 ] wit h a selec2
tive etchant . This means that Cbc ,a main nonlinear fac2
tor in HB Ts , is greatly reduced in U2shaped
emit ter HB Ts , compared to t raditional st rip
HB Ts[ 11 ] . The profiles of U2shaped emit ter and
t raditional st rip emit ter HB Ts are shown in Fig. 1.

Fig. 1 　Comparative profiles of U2shaped emitter and

traditional st rip emitter HB Ts 　(a) U2shaped emitter ;
(b) St rip emitter

To find a proper alloy temperature for t he t hin
base HB T ,an experiment is conducted in a temper2
at ure range f rom 360 to 420 ℃,and V off set and Rc are
measured.

3 　Results and discussion

The ohmic contact resistance is measured u2
sing t he t ransmission line met hod. The result s are
shown in Fig. 2. The specific contact resistance of
t he metal2semiconductor contact ( Rcontact ) is about 6
×10 - 6Ω ·cm2 . Rcontact varies slowly wit h tempe2
rat ure ,but it increases faster as the temperature falls
below 390 ℃,and almost reaches 1 ×10 - 5Ω·cm2 at

360 ℃. Therefore ,we t hink t he alloy should be car2
ried out above 390 ℃.

Fig. 2 　Alloy temperature dependence of Rcontact

The alloy temperat ure dependence of V offset is
shown in Fig. 3. The symbols are the experimental
result s ,and t he solid line is the fit ting curve. V offset

increases slowly f rom 01085 to 0109V when the al2
loy temperature increases f rom 360 to 390 ℃. But
when the temperat ure exceeds 400 ℃,V offset increa2
ses dramatically , and reaches a very high va2lue ,
0132V ,in 420 ℃.

Fig. 3 　Alloy temperature dependence of V offset f rom

360 to 420 ℃

First ,f rom the experimental result s shown a2
bove ,we can conclude t hat t he optimal alloy tem2
perat ure for a t hin base HB T is between 390 and
400 ℃,fo r t he best t rade2off between V offset and Rc .

Second ,t he high V offset can be understood wit h
Schott ky clamped theory[12 ] . In a high temperat ure
alloy , the base contact metal might penet rate t he
base layer and reach t he collector area. Then a
Schott ky diode is formed between t he base and t he
collector . As shown in Fig. 4 , a Schott ky diode is
parallel to t he normal base2collector p2n junction.
Then t he t ransistor is said to be “ Schot t ky
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clamped”. Since t he t urn2on voltage of a Schot t ky
diode is lower than that of t he p2n junction ,V offset is
larger when Schott ky clamping occurs. As V offset

and hence V knee increase , t he outp ut power and
power efficiency of t he device decrease , which are
harmf ul to the power amplifier wit h a low power
supply.

Fig. 4 　Schottky clamped HB T

Another characteristic of t he U2shaped HB T
is that t he value of V offset is only about 0109V ,while
t hat of a t raditional st rip emitter HB T is about
0115V or higher [ 11 ] . In Ga P/ GaAs HB Ts have re2
ceived much attention due to their inherent advan2
tages , including bet ter DC and AC performance ,
noise figure p roperties , and reliability t han Al2
GaAs/ GaAs HB Ts. However ,a disadvantage of In2
GaP/ GaAs HB T is it s larger off set voltage[9 ] . The
lower V offset of t he U2shaped emitter HB T is at t rib2
uted to t he U2shaped layout st ruct ure and L EU
technology. As can be seen in Fig. 1 , t he effective
base2collector area of t he U2shaped emit ter HB T is
greatly reduced. Base2collector junction capacitors
( Cbc ) measured using ICCA P also de2monst rate a

reduction in U2shaped HB Ts. Liu[12 ] st udied the re2
lation between V offset and t he area ratio A c / A e for
graded HB Ts , where A c and A e are t he collector
and emitter areas , respectively. But abrupt HB Ts
have not been discussed. From f undamental p hysi2
cal relations ,V offset can be comp uted by[12 ]

Voffset =
ηbc k T

q
l n ( Ics

αf Ies
) +

ηbc

ηbe
I b Re +

(1 -
ηbc

ηbe
) ( V be - I b Rb ) (1)

where Ics and Ies are t he base2collector diode satu2
ration current and base2emit ter diode sat uration
current , respectively. ηbe a nd ηbc a re t he idealit y

f act ors of t he e mit te r cur re nt i n t he reve rse2active

mode a nd of t he collect or cur re nt i n t he f orwa rd2
active mode , resp ectively , a nd αf is t he f orwa rd

cur re nt t ra nsf e r ra tio . The f i rst te r m of Eq. (1) is

domi na nt in dete r mini ng Voffset . Si nce t he αf , Ics ,

a nd Ies a re def ined as f ollows :

Ies =
qp e0 Ae Dpe

L E
+

qnb0 Ae D nb

L B
cot h ( Xb / L b )

(2)

Ics =
qp c0 Ac Dpc

L C
+

qnb0 Ae Dnb

L B
cot h ( Xb / L b )

(3)

αf =
1
Ies

×qnb0 Ae DnB

L b
cot h ( Xb / L b ) (4)

　　From t he a bove f our equations ,we get :

Voffset =
ηbc k T

q
l n (1 +

Ac

Ae
×L b p c0 Dpc

L c nb0 D nb
) +

ηbc

ηbe
I b Re + (1 -

ηbc

ηbe
) ( V be - I b Rb )

(5)

L c = Dpcτc (6)

L b = D nBτb (7)

D n =
k T
e
μ (8)

w here L b is t he mi norit y elect ron dif f usion le ngt h

i n t he base a nd L c is t he mi norit y hole dif f usion

le ngt h i n t he collect or . Equation ( 5 ) s hows t ha t

Voffset increases wit h Ac / Ae . Since t he ot he r p a2
ra mete rs i n Eq. (5) a re mai nly dete r mi ned by ep i2
t axial mate rial , Ac / Ae , w hich is dete rmi ned by

layout , is t he only va ria ble . Calcula tions usi ng

Eq. (5) s how a rough dif f e re nce of 0105V be2
twee n t he U2s hap ed e mit te r HB T a nd t he t ra di2
t ional st rip e mit te r HB T , w hich roughly agrees

wit h t he exp e ri me ntal results . The re is still some

er ror betwee n t he comp uta tions a nd exp eri me ntal

results , w hich may be caused by t he f a brication

p rocess of t he HB T.

4 　Conclusion

For t he best t rade2off between V offset and
Rcontact , a temperature in t he range f rom 390 to
400 ℃, is appropriate for t he alloy of t hin base
HB Ts. High V offset at high alloy temperatures can
be interp reted using Schott ky clamped theory. The
lower V offset in our U2shaped emit ter HB T than in
t raditional st rip emit ter HB Ts is at t ributed to t he
lower A c / A e . This f urt her demonst rates t he superi2
ority of U2shaped emit ters , which was shown by
Bai et al . [10 ] with high f t and f max .
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合金温度对薄基区 In Ga P/ GaAs 残余电压和欧姆接触的影响 3

杨 　威 　刘训春 　朱　 　王润梅 　申华军

(中国科学院微电子研究所 , 北京　100029)

摘要 : 研究了薄基区 HB T 合金温度对残余电压 V offset和欧姆接触电阻 Rcontact的影响 ,给出了薄基区 HB T 的最佳合
金温度区域.用肖特基钳位理论解释了合金温度过高导致 V offset偏大的现象. 从晶体管基本物理机制推导出 V offset与
集电极、发射极面积比 A c / A e 的关系 ,并用此解释了 U 形发射极 HB T 具有较小 A c / A e 的原因 ,进一步证明了 U

型发射极结构的优越性.
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