H28% 464
2007 4F 6 J1

= %= W

CHINESE JOURNAL OF SEMICONDUCTORS

Vol.28 No.6
June,2007

pEEBZSHENET Si,-.Ge, FX K EBEI7H 4 EHH

84

B¥E LT4

X% LEE

R R 2y S 5 TR 2, T 510006)

FEE SRR T L T R AR X B A w0 A - Ge 210 a3 A S = A TE 20 A FURE TE = T2 20 A B X
L R A DL - LS T A S R A S IR TR TS A R S I B B T S A S I R A B A
Ge 41535 51 7L A9 5317 A7 28025 5 32 78 A A0 A A 200 o A g LA S A 5 72 A i 78 0 0 i X PN 2 1 3 Y 3 T L
RFBAXFNEBGWE . Ge Loyl =MIL I 1E S Ge Ao —E M AIET . W 5 DA IS 45 B 4R i 46
BEER AL/ EME x A NS Ge 4100 B3 ITTIE K. 24 Ge 4100201 o JETE = M T8 20 A If L % T
B Ge ST HEAT AR xo - B DX N 37 MR IS 45 B 4 0 25 248 b 3 K AE Ge S 4018 7 19 X Bl A 2 v 3 78 b 4L
L 7E Ge 4170 ARG AS XS A — O B x &b, W B Ge AL Fe 4T s xo IR 38 DRI 218 M 38 K. LAk, 7E

WA 30 PN A v 2 A AT — AR R Y BE L

KA A4 WEWRY: =M Ge i M =M Ge i BT

EEACC: 2520; 2560F

hE %S TN 322.8 X ARIRES: A

1 3|8

UEAER N Sy - Ge, BB T H L TIE RS 5
i AR SR I T Ge 4oy R AAE BT AR AL 2
B TRFEMAEHR) 2 AL XN R
B DX /A7 (] B 2N R E Y B Ge H 0
Aii o BEAEJE DX A 51— D7 i3 it 3 RO/ A
DX 2 2 5] o BT A 25 482 i3 i 2 ) 7R L A R e
KT p WEB RN Sii-, Ge, JZNEH 1Y B
BLA AL S NPT A SR PR Bl T R
(12 KR FRT 25 I 1 0 52 SR B AN R 1 - HLBE
TR A R R R IR R R A T AR
KA 7 DAL SR N TS 45 R 5 2 i p B
HABINE Siv- Ge, JEXAH R R 22 HBOR . A
TERT A TAR A 26 _E OB SHORAT T 81T AT
FRE TR 5 LAY S X P L 3 A A OO L O AR 1L
Fenfi BAE T RHE.

2 IR

2.1 ERXBHESH

SiGe HBT 3 [X 8 7% /0 A — B ¥ 50 48 B0
E = K ZROCK L X B 2% 5 0
A AR B A . SR B A A L L SEBR RS A 4B 2y

T fH1E# . Email:as3262001@yahoo. com. cn
2006-11-17 W F .2006-12-22 % Fi

XEHE: 0253-4177(2007)06-0873-05

WA T A W A AT R R
Ny(x) = Nyexpl— (x/ W) In(N,/Np)] (D)

2.2 EX GeBHHH

FEX ) Ge Ao a ML XEGHIE .. =ME.
BRI A4 = M8 VHEE = M fid iRl A B
i3 118 Ge 2H 53 4304 & = M 40 A M =4
oA 3t B Ge 2 3 73 A 5B = 1 JE i) A] DA%
) de /I 1 5 DX P e [E) L 3R AR A AR S )
W Ge 53431 Ry =S IE 43 A FIHETE = £ T2 43 A B
FEXNEEG N EE, H Ge 0010 y B3R
KA RIR N

J)’o o 0 x < xy

= (ye = yo)(x — x1) (2)
Y 1)’0“’ Y V‘);S*);l XI7X1<X<Wb

2.3 N.#N, Bit&

S A AR T B I SRR 4 1 i (1~3) 5K
TENAZ Siy- ., Ge, &4 A, AR fff = J8 ] I /9
240y H A5 g R S Rl M - IE SR RE
BEHE Ge Ay MR, W AE Sy - Ge, & IIA
RS T 5 S o e R 22 DL A e aE
5540l 1 0 BE i 28 Rk A AR A Al A
AR/ 25 R DL L DR IR IR L 454 Sk L4
~6 ], N Sii- ., Ge, Mrli A RSB RN N -

N

NN

%

AR B
BB R

BT =
gt

[N

C.

©2007 [ T2



874 S N ¢ %28 %
1.0 MR R R E SRR .
m Prinz(1989) 7=300K e e e
08 # Rimz(1989) 7=77K 24 RHERELTFEERN
. ® Ref[5](1996) T=300K L
< ool A 0T RALIE T4, — WA Rl T Ge
< sl A g, 5 —d a2 W FEB AT
g 0.4k AL B A8y AR A MR R SCHERL 1L ], X Horp g 4 =0 (3)
= AT 15 2 Ge 44512 K287 A8 78 1| R 1K
0.2} 2
| | | | . . AE ¢ = 750y — 238y”, y <C(0.3 9
%0005 010 015 020 025 030 S FRB R A AR SCHR(12 1% T 4
X
T,
B1 T =2300K fl T = 77K B}, 0 — 1k (9 ( Ne Ny D sice/

(NN si5 Ge 15y x K FR
Fig. 1 (N:Nsige/ (NN, as a func-

tion of Ge fraction

Normalized

(N _ 9 x [ZK(m;iH + my + mQ,)kBTT”2
v/ SiGe — P

hz
y 1+ Zexp(iELHk;TEHH >+ exp<7_kABEFO> D
2+ exp( _ki?o>

MG SCHRL4 . 7 JHEAT 0045 B s o0 L 25 0L H -4
WHRE MRS Ge AL RATERN

m, _1-y, <0.3 4
M 0.537  0.284° Y= “
mo _l-y, _»
mo - 0.153 To.oma” YS=O3 0O
m, _ 1-y I
ms _0.234 To.0950 YsO3 o (®
e N 5 T2 Al 2% AT 2
ELH - EHH =- 0. 155y(6V) (D]
H B > e S M R R 22 T KRN -
AE, = A, — A, 8

A 5 A A S WL SCHRES .

Fe# 1 A Scmk 9y 1 14, mT LR HE 1
45 5 STk 5, 10 ] g SE g {l o8 Ry E2 0. Al 1
ATLAE 2 x = 0.05 B, A SCR A9 X 5 SCk
(10145 M LB 25 AT SRR 47 . 2 x = 0. 2 B,
TR 5 5 SCHR10 125 H B 52 56 45 SR AH EE R AIG 24
x=0.07,x=0.27 B, HiT B4R 5wk [5]4 H
() 45 A e ARG . 3X A2 B F SCHRLS , 10 J7E X 52 56
Bt AT b PR 206 T SifSiy -, Ge, A AU E Y
265 AENAE Sy Ge, BB AR R FE Ge 4147
38 KM AE /N HE Ge 4145 x AR/, Si A Si, -, Ge,
HRUR 2 5ORH R, BT L x = 0. 05 B B & 15
PN R B RARL MAE x =0.2,x =0.27 554
EEFLSiFSh - Ge, W E A R A 28 0 A8 K
PIE 1 g{fl\ll:ljE](J(Nch)SiGe/(Nch)Siﬁd\ﬂ:%m%ﬁ

AE, 4 = A1 + By + Cy* + Dy*) X
{1n(N"(x)>+N/ln<N]‘;](X)
A0
(10)

N o
Hfr A=9.0meV;B=—-4.43;C=23.47; D =
—39.11;E=0.5; Ny =1.0X10"cm *; N, (x) N
BRIk .
3 HEERSW®

ASE 2 T WL AT R RN

sy y<C0.3

)k

n, = NCNVexp< KT )X exp
AE, 6. (x,T) AE, 40p (x5 N)
(S5 Jen (5225 ) A
P9 A L A R TSR A R A S
_ kT 1 dN, (07 71 dng }
2 q {[Nb(x) x dx } [”i x dx}
T

278 SiGe A1 Si Z [] S A 7 A A o B 0 22
S B

2

2 _ 2
n, = nioeXp(

Eg,si(ic(x ’ T) + AEg_SiGC(X ,N) )

kT
(13)
A (15) AR fRf e F B A
kT 1 AN, () 1
ECo ==X 5o dx g
d(AEg 6. + AEg.40p) (14)
dx

F—TURBIAR SRR AR . 5 IR AR
Go AR BRI A # A Y, X 53013, 14 145
IR BEAR ) 45

HSLAEN AL Siy- Ge, JRH 7 A7 RS B
el A7 A B I AR W R SR b e 1
AR B B Ry AR BT A A E 3 R L e T
ANy B % A0 2l A 2500 285 5 TR A A 2 5 5 o P v
Yy W AEA 7 HE R0 IR A 5l AT RS D AR



% 6 4

PR, p BB IR Sii-, Ge, FEX N H 1Y) FEAL I 875

E/(10*V/cm)
bl ot
T O

Yy
wn O

b
=)
S

el —
[ R=)
T T T T T T 1

1
5 10

1 1 1 1 1 1
15 20 25 30 35 40 45
x/nm
P2 XA A L 3 ) 7R AR L
Fig. 2 Variation of the built-in electric fields from e-
mission junction to collector with the given total Ge

fraction
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Fig. 3 Variation of the built-in electric fields from e-
mission junction to collector with the given total Ge
fraction which is not considered the difference of va-
lence band effective states and conduction band effec-
tive states between SiGe and Si
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Physical Mechanism of the Built-In Electric Field for SiGe HBT
with Heavy p-Doping

Zhao Chuanzhen’, Tang Jiyu, Wen Yuhua, Wu Liangzhen, and Kong Yunting

(College of Physics and Telecommunication , South China Normal University, Guangzhou 510006, China)

Abstract: A model for the built-in electric field in the base is developed and calculated analytically. The model is suitable for
a base with a Gaussian doping distribution and different Ge profiles (e. g. ,triangle,box-triangle) . A new formula for the va-
lence band effective states is obtained,and the effect of the conduction band effective states on the built-in electric field is
considered for the first time. It is found that the effect of the Ge fraction on the built-in electric field is larger than that of
impurities. When the Ge fraction profile is triangular,the built-in electric field increases gradually from emission to collector
with the total Ge fraction. At a given location x,the built-in electric field becomes larger and larger with the increasing of
the total Ge fraction. When the Ge fraction profile is box-triangular, the built-in electric field increases from emission junc-
tion to collector for a given x; and a given Ge fraction y..For an invariable Ge fraction profile, the built-in electric field is
nearly invariable. For a linearly graded Ge fraction profile, the built-in electric field becomes larger and larger with the in-
creasing of x;.In addition,there is a sharp drop near x, .

Key words: SiGe alloy; built-in electric field; triangular Ge profile; box-triangular Ge profile; Gaussian doping distribution
EEACC. 2520; 2560F
Article ID: 0253-4177(2007)06-0873-05

+ Corresponding author. Email : as3262001(@ yahoo. com. cn
Received 17 November 2006, revised manuscript received 22 December 2006 (©2007 Chinese Institute of Electronics



