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Yang Wei', Liu Xunchun, Zhu Min, Wang Runmei , and Shen Hugjun

(Institute of Microelectronics, Chinese Academy of Sciences, Beijing 100029, China)

Abdract : The alloy temperature dependence of Vs and Reonact iS Studied, and an optimal alloy temperature
range for the best trade-off between Vst and Rcontact iS given for thin base HB Ts. In addition,the reason for the
high Vurset at high alloy temperature is interpreted using Schottky clamped theory. The lower Vet Of our U-
shaped emitter HBT than that of traditional strip emitter HB Ts is explained.
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1 Introduction

InGaP/ GaA s HB Ts have inherent advantages,
including low 1/ f noise,low manufacturing cost ,
and a reliable fabrication process,that make them
attractive for usein MMIC circuits™ . The cutoff
frequency f: of a deviceis a key parameter that di-
rectly confines circuit operation speed® . Decrea
sng the base thickness is an effective way to en-
hance f:. In the fabrication of HBTs,a high-tem-
perature alloy processis usually adopted to form an
ohmic contact to the collector. It is necessary to
condder the influence of high alloy temperature on
the thin base HB T. An excessve aloy temperature
of the collector metal will induce a high off set volt-
age (V=) ,while an insufficient alloy temperature
will be bad for the formation of ohmic contact to
the collector ,and a bad contact will lead to a high
specific contact resistance (Rwonat) . AN HBT' s per-
formance is greatly afected under both condi-
tions” ¥,

In this paper ,the alloy temperature depend-
ence of Varet and Ronax has been studied. In addi-
tion ,the reason for the high Vare at high aloy tem-
peratureisinterpreted usng Schottky clamped the-
ory. The lower Vst in our U-shaped emitter HBT
than that in traditional strip emitter HBTs is ex-
plained by aformula deduced from the f undamental
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device equation.

2 Experiment

Epitaxial structure plays a key role in an
HB T’ s performance. A 100mm GaA s substrate ep-
itaxial wafer grown by MBE was provided by the
Shanghai Institute of Microsystem and Information
Technology of the Chinese Academy of Sciences.
The structure of the epitaxial layers is shown in
Table 1. A high concentration of indium in the 9th
layer helpsform a good ohmic contact between the
emitter metal and epitaxy layer. The 4th layer ,as a
base layer ,is desgned with a thickness of only
40nm to enhance f: ,whereas the normal base layer
thicknessis over 70nm.

Table 1 Structure of the epitaxia layers

. Thickness| Doping
Layer No. Compostion x . Dopant
/ nm /cm-3
9 InxGai- xAs| 0.6 50 >1x10% g
8 InxGai- xAs| 0.6 0 50 >1x10% g
7 GaAs 120 5x10%8 g
6 InxGai-xP | 0.5 50 3 x10v S
5 GaAs 3 U ndoped
4 GaAs 40 4 x10% Be
3 GAs 2 U ndoped
2 GaAs 150 2 x10% g
1 GaAs 500 5x10% g

S| GaAs substrate
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In the device fabrication ,the key process in-
volved a self-aligned U-shaped emitter , a lateral
etched undercut (L EU) ,a high temperature aloy ,
etc.

In the self-aligned emitter ,the emitter metal
acts as the mask for etching the emitter and as a
shield in depositing the base metal.

The majority of the extrinsc base collector
junction area is removed by L EU™ with a selec-
tive etchant. This meansthat G« ,a main nonlinear fac-
tor in HBTs, is greatly reduced in U-shaped
emitter HBTs, compared to traditional strip
HBTS™ . The profiles of U-shaped emitter and

traditional strip emitter HB Tsare shownin Fig. 1.
Self-aligned LEU

@ éé\/ C

SI substrate

(a)

SI substrate

(b)

Fg.1 Comparative profiles of U-shaped emitter and
traditional strip emitter HBTs (a) U-shaped emitter ;
(b) Strip emitter

To find aproper alloy temperaturefor the thin
base HB T ,an experiment is conducted in a temper-
ature rangefrom 360 to 420 ,and Vui=t and R are
measured.

3 Resultsand discussion

The ohmic contact resstance is measured u-
sng the transmisson line method. The results are
shown in Fig. 2. The specific contact res stance of
the metal- semiconductor contact ( Reontat) iSabout 6
x10°°Q - cm’. Romax varies sowly with tempe
rature,but it increasesfaster asthe temperaturefals
below 390 ,and amost reaches 1 x 10" °Q - cnt at

360 . Therefore,we think the alloy should be car-

ried out above 390
10

Rconlncll(lo'ﬁﬂ'cmz)

1 i 1 PR B Y [ i 1 I 1 L 1
360 370 380 390 400 410 420
Alloy temperature/C

Fig.2 Alloy temperature dependence of Reontact

The alloy temperature dependence of Vst iS
shown in Fig.3. The symbols are the experimental
results,and the solid line is the fitting curve. Vst
increases sowly from Q. 085 to 0. 09V when the al-
loy temperature increases from 360 to 390 . But
when the temperature exceeds 400 Vst iNCrear
ses dramatically ,and reaches a very high value,

0. 32V ,in 420
0.35

0.30F

2 1 2 i 1 Y 'S
360 370 380 390 400 410 420
Alloytemperature/TC

Fig.3 Alloy temperature dependence of Vst from
360 to 420

First from the experimenta results shown a
bove ,we can conclude that the optimal alloy tem-
perature for a thin base HBT is between 390 and
400 for the best trade-off between V=t and Rec.

Second ,the high Var=r can be understood with
Schottky clamped theory'™ . In a high temperature
alloy ,the base contact metal might penetrate the
base layer and reach the collector area. Then a
Schottky diode isformed between the base and the
collector. As shown in Fig. 4,a Schottky diode is
parallel to the normal base-collector p-n junction.
Then the trandstor is said to be“ Schottky
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clamped” . Since the turn-on voltage of a Schottky
diode islower than that of the p-njunction Ve is
larger when Schottky clamping occurs. AS Vs
and hence Vwxe increase, the output power and
power efficiency of the device decrease,which are
harmful to the power amplifier with a low power
supply.

C

Fig.4 Schottky clamped HBT

Another characteristic of the U-shaped HBT
isthat the value of Vat= isonly about 0. 09V ,while
that of a traditional strip emitter HBT is about
0. 15V or higher'™ . InGaP/ GaAs HBTs have re-
ceived much attention due to their inherent advan-
tages,including better DC and AC performance,
noise figure properties, and reliability than Al-
GaA s GaAs HBTs. However ,a disadvantage of In-
GaP/ GaAs HBT isits larger off set voltage' . The
lower Var=t Of the U-shaped emitter HBT is attrib-
uted to the U-shaped layout structure and L EU
technology. As can be seen in Fig. 1,the effective
base-collector area of the U-shaped emitter HBT is
greatly reduced. Base-collector junction capacitors
(GCx) measured usng ICCAP also de-monstrate a
reduction in U-shaped HB Ts.Liu*? studied the re-
lation between Varer and the area ratio Ac/ Ae for
graded HBTs,where Ac: and A. are the collector
and emitter areas,respectively. But abrupt HBTs
have not been discussed. From fundamental phys-
cal relations,Vor= can be computed by

KT, s
n‘““q—lngaf Ias) +nn': lb Re +
(1-'U‘t“”‘)(vbe - 15 Ry) (1)
1N be

where | and les are the base-collector diode satu-
ration current and base-emitter diode saturation
current ,respectively.Nwe and Nu. are the ideality
factors of the emitter current in the reverse-active
mode and of the collector current in the forward-
active mode, respectively, and O; is the forward
current transfer ratio. The first term of Eq. (1) is
dominant in determining Vst . Since the s, les,

Voffset =

and |l are defined as follows:
= GP0AeDoe | AN AeDanp (/)

les

Le Lo
(2
lo = QR0 AcDac | QMo AeDan 3/ )
Lc Le
(3)
a = -IJ; Xgﬂmﬁp—Dnacoth(Xb/ Le) (4

From the above four equations,we get :

Mo kTIn(1+A; « LoD Do
q Ae  Lcnwo Do

Votset =

r]n':lee+(l-nn':r;)(Vbe- Ib Rb)
(5)
L = »JDprIc (6)
Lo = JDuTs (7)
Y (8)

e

where Ly is the minority electron diffusion length
in the base and L. is the minority hole diffusion
length in the collector. Equation (5) shows that
Vtset iNCreases with Ac/ Ae. Since the other pa-
rameters in Eq. (5) are mainly determined by epi-
taxial material , Ac/ Ae, which is determined by
layout, is the only variable. Calculations using
Eq. (5) show a rough difference of 0 05V be
tween the U-shaped emitter HBT and the tradi-
tional strip emitter HBT, which roughly agrees
with the experimental results. There is still some
error between the computations and experimental
results,which may be caused by the fabrication
process of the HBT.

4 Conclusion

For the best tradeoff between V= and
Rontat , @ temperature in the range from 390 to
400 ,is appropriate for the alloy of thin base
HBTs. High Varet at high alloy temperatures can
be interpreted usng Schottky clamped theory. The
lower Varet in our U-shaped emitter HBT than in
traditional strip emitter HBTs is attributed to the
lower Ac/ Ae. Thisfurther demonstrates the superi-
ority of U-shaped emitters,which was shown by
Bai et al.""with high f: and f m.

Acknowledgements  The author would like to
thank Wang Sugin,Wang Ning,Liu Hongmin,Wu
Jin,and Ma Xiaolin for their enthusastic help with



768 27
this research. alloy-though passvatingledge processinto afully self-aligned
InGaP/ GaAs HBT process. Ga¢As MANTECH ,Inc,2001
[8] Lour W S. High-gain,low offset voltage,and zero potential
Ref erences

spike by InGaP/ GaAsd-doped single heterojunction bipolar
transistor. | EEE Trans Electron Devices,1997 ,44:346

[1] PortillaJ,Fuente M L ,Pascual J P et a.Low-noise monolith- [9] ChengS Y.Analysis of improved dc and ac perf ormances of
ic Kurband VCO usng pseudomorphic HEMT technology. an InGaP/ GaAs heterojunction bipolar transistor with a gra-
| EEE Microw Guided Wave Lett ,1999 ,7:380 ded Al xGai- xAs layer at emitter/ base heterojunction. Solid

[2] RogersJ W M ,Macedo J A ,Plea C. The efect of varactor State Electron,2004,48:1087
nonlinearity on the phase noise of completely integrated [10] Bai Dafu,Liu Xunchun, Wang Runmei et al. Super perfor-
VCOs. IEEE J Solid-State Circuits,2000,35:1360 mance InGaP/ GaAs HBT with novel structure. Chinese

[3] Michad GC Johannes KN.A 3 3V 21- Go/ s PRBS genera- Journal of Semiconductors,2004,25(7) :757(in Chinese) [
tor in AlGaAs GaAs HBT technology. IEEE J SolidState , , , InGaP/ GaAs
Gircuits,2000 ,3:1266 . ,2004,25(7) :757]

[4] Kroemer H. Heterojunction bipolar transstors and integra [11] Shi Ruiying,Sun Haifeng,Liu Xunchun,et al. Key processes
ted circuits. Proc |EEE,1982,70:13 for fabrication of self-aligned InGaP/ GaAs HBT device and

[5] Asbeck P,Chang F,Wang K C et al. GaAsbased heterojunc- circuit. Chinese Journal of Semiconductors,2005,26(1) :106
tion bipolar transstors for very high performance eectronic (in Chinese) [ , .. 100mm InGaP/
circuits. Proc |IEEE,1993,81:1709 GaAs HBT ,2005,26(1) :

[ 6] Rodwell MJ W, Urteaga M , Mathew T, et a. Submicron 106]
scaling of HBTs. IEEE Trans Eectron Devices, 2001, 48: [12] Liu W. Handbook of -  heterojunction bipolar tram
2606 sistors. A Wiley-Interscience Publication,1998

[ 7] Hattendorf M L ,Hartmann Q J,Feng M. Incorporation of an

InGP/ GAs )
! x
( , 100029)
HBT V off et Reontact ) HBT
V off set Voif et
Acl Ae , ] HBT Acl Ae , U
: ;U ; ;
PACC: 73403 EEACC: 2560F; 2550E; 2550R
TN385 DA : 0253-4177(2006) 050765 04
* ( 1 KGX2-101)
t . Email :weiyang @ustc. edu
2005-11-15 ,2006-02-17 (Cp006



