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Abstract

Although GaAs HBTs are very attractive for high power amplifier because of their power
handling capablity, they can’t be actively commercialized due to the degradation of current gain
occured in high current operation. In this paper we analyzed the type of current gain degradation
of GaAs HBTs under high constant current stress, and identified the mechanism by using two
dimensional numerical simulation. The cause of degradation was found out to be the variation of
surface recombination states at the interface between GaAs extrinsic base and the nitride
passivating the surface of base. The energy radiated from recombination of carriers in bulk as well
as near the surface is estimated to activate the change of the surface states.
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® 1. AlGaAs/GaAs HBT9| A%
Table 1. Composition of AlGaAs/GaAs HBT.

wed E(A) AlEW sde %
(cm™)
n-InGai<As 5000 05 Si 2% 10"
nInGaixAs 5000 0—05 Si 2x10"
n-GaAs 500 Si 5X10®
n-AkGai<As 300 003 Si 5% 10"
n-AlGa<As 120 03 Si 5% 10"
n-AkGai<As 300 030 Si 5X 10
p-GaAs 1200 C 4X 10"
n-GaAs 10000 Si 2x10°
n-GaAs 60000 Si 5X10%
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12l 1. Mesa HBT F%
Fig. 1. Structure of Mesa HBT.
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Fig. 3. (a) Degradation of current gain vs stress
time, and (b) degradation of current gain at
Ic=ImA for the various temperatures vs
stress time.

a7 3be I8 3aclA Ic=1lmA2l FHFolESe o
3g 2Efx A7k} 2o disle] vehdiglth Al
7o) Aol el AFe) 5 Paslgon, &xrt
VS Ak oS ofsiEdch 10% 43t 7]
Fog ZA3 MTTFE 300K 30417k 1ie}
¢ 0.15eVe] FASoURER T $2)(0.4~2eV)l
v]3] s MTTFgR: el

(225)



14

V. #H XjZAgol oe L3 2

22181 AlEHOlEIE ol 83l W= ANFF, wo]
ZHES] AFAL GaAs H# (extrinsic) #o]X
W ARGl 2EH 2o osle] Wl of Yehie
wo]lx ZFe] G3E A By, 2 ANE
a7 4o Jeldiglc} wlo]x EHET} AEH 2] o
gl dnle] Zog AFAE A9 wolx HFe
a3igck o]RAL AFAtel 9Jsle] pn Ajle] <Al
7§0] & elule] WHollx] Ao sleje] Fglo)
ZAasislr] witelel. wehd, o] Azk= 13 2be}
tE2 R Ajie] ARFelE Ik Ujle] ohd A&
& 4 olch Mz AAFEe] AS e A ol
718717} 2kTell 794l A& & = Ut o174
3 ANAFEe] FUIEPE dvle-wjelx F3kAE
%99 (SCR)eIM AMele] A|Age] F7lsh7] o))
& AY FGelMe Cvle] FYEP) ARTE
E3HAlEe] 7127 kTel| AR} o] Azl a8
2be} olrl ug Wz A e] FH g3} Yal
< ohdAcE HAEt ¥ ALY AL e A
4 =2 A GGl =719} @A 77| = kTl
ATsch oA a3 2be] 2EH~ Ael U
stng ik xR 2Ed2e 93 GaAs HBT
2] ds}e] U9lE GaAs 9 wlo]x FHd] FAH
g Aleje] Wikl Aoz siMsc)

Ea
ks

105 -

107

109

— F
on b
1013 r Bulk Rec.
S T Surface Rec.
e Diffusion
1015 il “'1 FENS IS BETEY BRSBTS SRS Pl B

1013 1011 107

C

07 4. 23 Al EH oA 27 tiekdt 93 89E
o] wlo]x Afol mlX& J3F

Fig. 4. Effects of the variuos degradation causes on
base cuwrrent calculated by two dimensional
simulator.

103 103

w2 FHAAFA e £tA o 23 GaAs HBTS 23}

(226)

&/K it

wlab AZbE o wlo]A FHE Ale]E AsjeR
Aol ok Astet Aut FAA] o o]~ B9
Zdefell wiel 9 ANFF Adeivb #AdE, o] A
deie] =t ARel5e] Asts: AR Heh
FH AR Aee) gk 239 AEdele !Ble
o]-g3ted FAMzllch Akl AT FH AEF &
=2 S5,=5,=10%m/sec, ES] 4x] FE
E,=0.8eV, AA} JAEe} AAl = Efe] $=F5
Now=Ngn=10%cm 2 313, Asje} AF LEZE A
Akste] 28] Gell ehdigich ol wlo|2e} Asiut
Ae] A= AUl ofse] Aateld

eIV —&Vd=o0

0= 04y 04 n

Oe.n=" Ny n(Ep,— Ev)

04.n=aNs o Ec— Ery)
A71A o= FH AFUE, o, A JAE] EFY
o] AE, o4, AR 2 2RO Hipdxelr)
aelw, ¥4 AZEFEe] Abe SRH =S AH83}

Rnom, T sleje] L Al(2)E AME3sIT

U — pn—n}

SRt o+ n)+ 7 (p+n)

1 — Sndi _].__

=T A T (2)
L S 1

z.;// Ai 7,

71 et e A Aalel AEel EdelA

FETE, o9 v AR AFe Ha 9, 4.9
A A wFe] Zolet iAot aBl= 7HAe]
10Ad 7% Agle] FE5HLE ¢ 0.lpsecy) FHH,
GaAs®] lnsec®| Mz wro vlwsle] HdF glol
c}.

ofulE]ollx] FolE HALEL oY wo]x FTd
5o} ol A QM=o ofste] T2 se]
AslZ o] 23helc) o] T £A8) wFol Hlo)x~
W A= 23 5ad) o] Ha Hrl golx|Al FHo
FE wjet Ade] 3R wEld, FAEE W A

=]
Rl
=X

=]

hyy

=2 AN 9 wlelx FHloz AFEE ubkd

Py o R=R

o AAEL ez ¥E FHEHY HIHFe 2™
Sbet k] wiolx el YAF AdE we} s=5



19984 3H EFIREHMIGE

o) o] EW AR A¥o] welx AFe) 7} a4
o] Rk wehd, sEdlze] 2jste] $)3% sl ¥R

ol =R ¥ iess ¥R AR S
Zoha 2R 29} o] el
.

AFe F7kl 2

Pot (Volts)
' ' '

(b)

T8 5. 24 Al g e 27 oF- He]x9
ANAZ Aele] s B4 (a) ARE,
29 A3AF

The effects of surface recombination centers
of the extrinsic base simulated by two
dimensional simulation on (a) distribution of
potential and (b) hole current flow.

Ea
(

b)

Fig. B.

AAZES AN BEo] Aele} St shele]
o H$Es, T 3 Follrf AL g Auig w
A Hek olmlEola F91E ARELS wlojae] AF
HZol| 7RSS QA Yste] Fxr) 2Has)
B2 Wi PRl B2edlide AR ovlEE 3
B 3% 357 Wi ARge BH ALY &

(227)

£ 3% % DiE £ 3 15
ol 9ol AAY AFE AT AFE vehd
o wiRlel] Wlolas) AT AR RS HA)e
B} Aasies AR A Fuol A9
A GPlER ¥ FFE] BEdl ARYE o]
B9l 2 F9) 5ol SEsl B, webd AR
AR KT A%e vehiick

10-5

—— 8=103 sec!

10:7F  cemeee $=106 sec-!

109
,_‘Fﬂ
10-11
10-13
10_15 JEE BEETWS SHETETY BEEVETY DRSS BTy BT BT SRS S
10-13  10-11 10 107 10-5 103
IC
a2 6. %3 AAY Sxo gt welx AR AE
#ol4
Fig. 6. Simulation of base current in terms of

surface recombinatin velocity.

o]AL ¥ 6ollA HEo] T AAY &=/ 10°7
10° cm/secd | % ®lolx ARES wlwshd Fua
& glek AAY 57 e wiolx AfFE
Ak AGox Frls, kT 2kT #7132 ¥
e o]F3E RAFTh oL AFHF Fmr)
Zolshd &mr) 28 wle} vimsle] AL Az
FTE F vy 4] FHd t& 4&ESHA =] g9
olt}. o] Zi= ¥ 29 AE# 2| 97 wo]x A
$o) aste} Xt zelw, Tiwari & o3 ¥
o|l~E ¥A Y& uie}l TAES Al A5 wlo]lx A
75 E2A A7 29 69 22 FFAE ok wet
A, Hel~ AFe] o= A=A o3 ¥H A
3 &x0] Zv) diEgle] wsith 39 AAEY &=
= S=0 v+ Ny 2 F35c} o714 o+ 3
Aoz Efle BAS ez, var 945 1
Naw 39 Efje] s=o|v}h So 4% 719
AR o9 TR QT EHEALY FA3 IR
e Ny 5719 3] o] & Aoz Azdct oz
3, Aol AFPd WEFEe ARRANER7E Ny
Z71e] 38 ouix] Aoz sl 7

L= =N

b
:

A

Mo
TR



16 o)z AN B

AFeE= AEste] Al gl GaAs HBTel 3l
oj4] Fa37 Apolth GaAs HBTY 7]&o] whagt
o we AFEE ¥e] MAEIAY, GaAs &5 H
ol ¥wl& AT gle A3 AW H)H B
AN 27 dsh= 3] AHeE ol o] =
TollMe £ AR 2BHAE 52 25004
7¥ehe 715eAES Ealo] GaAs HBTY <3}
Hel S s, 2 WS Fslonl =gt
Argel wet E9E ARe ¥ Vel
08 HogFgl WlolA AR EE Vol 9}
stgom, 53] 22 Veeeld & M Bich wet
A, AFol5el F43] Zastla, Ie=1mA2] AFe|
So. 7)o 10% Fidhe AEHA AE oF]
2o 23 MTTFE 300KelA 30X7kolzhe
o} zhe ke Uehiiel zE]w, ol sigele &
At dUxE 0.15eV olgdck o]efzle] AFe|Fo]
73agk AL wolx-Asit Aol I ANEY A
7b 2Bz 23le] WEsgly] wiEelH, A
AR Ast =30 TIF AHslel] ofste] FHel| A
Ado] FAE T o] AdE wpy 2= AT B
AF w o wle]x AF7E ksl
AzHoz vl Az ¥ o] NI o]F
EAslT ol Aset Aleld]l AR A Al
2E 2 i3 4714 =} Axle] AlExe £
e F Ao ik uepi, e Pke
M wAL iAol planar FEE AHESEAY, U
AF Azt 3 AsSs5oE FH AE|sle] AsE H|EA
A7) w52 A ARY AdE 2 F sl
A2e EA B At A2 ax}TEe] A
i3t Aot el

o of

oo

%12

[1] O. Nakajima, H. Ito and K. Nagata,
“Current Induced Degradation of Be-
Doped AlGaAs/GaAs HBT’'s and Its
Suppression by Zn Diffusion into Ex-
trinsic Base Layer,” 1990 Tech. Dig.
IEDM, pp. 673, 1990.

Paul E. Dodd, Theresa B. Stellwag,

Michael, R. Melloch and Mark S. Lunds-

(2]

(228)

of ¢4 GaAs HBT®| 43

(3]

[4]

[51]

(6]

[7]

[8]

[91]

&%k s

trom, “Surface and Perimeter Recom-
in GaAs Diodes:An Exper—
imental and Theoretical Investigation,”
IEEE Trans. Electron Device Lett., vol.
38, no. 6, pp. 1253, 1991.

S. Adachi and S. Yamahata, “Thermal
of AlIXGal-XAs
Grown by Molecular Beam Epitaxy,”
Appl. Phys. Lett., vol. 51, pp. 1265, 1987.
C. Canali, F. Castaldo, F. Fantini, D.
Ogliari, L. Umena and E. Zanoni, “Gate

bination

Conversion Layers

Metallization "Sinking“ into the Active
Channel in Ti/W/Au Metallized Power
MESFET's,” IEEE Electron Device
Lett., vol. EDL-7, pp. 185, 1996.

G. W. Wang, R L. Pierson, P. M.
Asbeck, K. C. Wang, N. L. Wang, R.
Nubling, M. F. Chang, S. K. Shastry, D.
S. Hill and J. P. Salerno, “High-
Performance MOCVD Grown AlGaAs/
GaAs Heterojunction Bipolar Transistors
with Carbon-Doped Base,” IEEE Elec-
tron Device Lett., vol. 12, pp. 347, 1991.
W. S. Hobson, F. Ren, C. R. Asbeck, S. J.
Pearton, T. R. Fullowan, J. Lothian, A. S.
Jordan and L. M. Lunardi, “Carbon-doped
Base GaAs/AlGaAs HBT's Grown by
MOMBE and MOCVD,” IEEE Electron
Device Lett., vol. 11, pp. 241, 1990.

W. A. Hangley, R. Rutyna, R. K
Surridge and J. M. Xu, “Investigation of
Emitter Degradation in Heterostructure
Bipolar Transistors,” 22nd Int. Symp.
Compound Semiconductor., 1995.
Emitter Size Effect on Current Gain in
Fully Self-Aligned AlGaAs/GaAs HBT's
with AlGaAs Surface Passivation Layer,"
Nobuyuki Hayama and Kazuhiko Honjo,
IEEE Electron Device Lett., vol. 11, no.
9, pp. 388, 1990.

H. L. Chuang, M. S. Carpenter, M. R.
Melloch, and M. S. Lundstrom, E.
Yablonovitch and T. J. Gmitter, “Surface
passivation effects of AsS; glass on
self-aligned AlGaAs/GaAs heterojunction
bipolar transistors” Appl Phys. Left., vol.



{10]

[11]

1998% 38 BEFILREH

57, no. 20, pp. 2113, 1990.

Shin-ichi Tanaka, Kensuke Kasahara,
Hidenori Shimawaki, and Kazuhiko
Honjo, “Stress Current Behavior of InAl-
As/InGaAs and AlGaAs/GaAs HBT’s
with Polyimide Passivation,” IEEE
Electron Device Lett., vol. 13, no. 11, pp.
560, 1992.

M. E. Hafizi, L. M. Pawlowicz, L. T.
Tran, D. K. Umemoto, D. C. Streit, A. K.
Oki, M. E. Kim and K. H. Yen,
“Reliability Analysis of GaAs/AlGaAs
HBT's Under Forward Current/Tem-
perature Stress,” GaAs IC Symp., pp.

£ 8 X(EGE) % 33 & AR 5 12 4 28

A FAAA wk=A A2l 2

==

T°5

£ 3 BEER)

19709 12¢ 294 Al 1997 24
Sold AT 2 (T,
19974 ~ #A) Fohheka AT
3} ek A

Er g
[0

X XA I

(229)

H£3BHE DI H3IR 17

329, 1990.

[12] K. P. Roenker, “Reliability Issue for
GaAs and InP-Based Heterojunction
Bipolar Transistors,” SOTAPOCS XVIII,
vol, 93-27 pp. 369, 1993.

[13] AldA, 3343, $4L, 221 o184 ¢ &4t
AlEdolel: HEDS,” ofgFdalarefs] #4/8)
sfl3l=F=] vol. 19, no. 2, pp. 1225, 1996

[14] S. Tiwari, D. J. Frank, and Steven L.
Wright, “Surface recombination in GaAl-
As/GaAs heterostructure bipolar transis-
tors,” J. Appl. Phys., vol. 64, No. 10, pp.
5009, 1988.

& = BERR

19739 54 30 AL 1997 2¥ &
A aL AEe} 29 (FD,
19979 ~ WA Folhsta AT
s} ohstel AA

*F K REER)

1957+ 109 149 A, 1980 34
A Azt £ (T3P,
1984\d 29 A&l AAlgat) st
A EHAEFEAAD. 19929 29
University of Cincinnati Electri-
cal & Engineering & (ZsAD
1992 ~ A Folsta et A7) - AR} - AF
B F- 2w, PRk agax), stede] 4l
A, $71E WAL Y



