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Fig.1 Schematic diagram of power HBT heat-con-
duction model in three dimensions

RERE YR HBT K48RGk & R &/, 3¢
FEAMRHRER, X EREASKK,FUTR
RENEAREARR—ET, WALIASE £ MR
SR A PO RIR (e y O RRBERREE kAR5
AR B T BB LE) T(x,y,00REK:

T(xi»yi,0) = f—;f, X"

@ N
) [HtanhGad) Y, £4F (m o k)cosChnre) |+
- k=1 Dk

m=1 A‘fn
© N
= —tanh(g,d) D, — X
w2 e 2k,

G(n,k)cos(,u,,yk)1+

4 v 1
4 X
LW,;; {Am#nytanh(yd)

[P
> [eF(m k)G sk x
k=1 K

' N
cos(xmxk)cos(ynyk)1}+ MZ Pey T, (2

Hep
Aw = ma/L p, = nx/W ¥ =25 + 4
F(m,k) = sinAn(x, +1/2) = sindn (x, — 1/2)
G(n,k) = sing, (ye + w/2) — sing, (y, = w/2)
K, = 320
T.-80
EEBESEEERREREMAFRERE
BAEAT B R ERBRBEERE ok
Ja = Jao X

ex Ve = W Rex (i + 1/ B = LT (a5 ¥ie,0) = To ]
P kTo/q

3
He Ra W RHBEREHE; ha BT REE
BRI 455 ¢ 4 SiGe HBT R ST 45 s FR IR R #
($=aV/3T<0).

3 GR5WiE
HA@MOR,RAERERETUBEE

FERBHNBSBESS 6,0 2 iR, P 6181
# HBT Z4T R EMA 6 X 2um X 20um. T LLF 4,
MFEEHHEREFRER BRI EETHE A
SERFERERBHETRKFZAHBETHERE,.H
SRPLEFARZBRENASTFERAZRFARFE
B ETRST ST R S MR RS
ASBEERREARENER T, B &HEEHK
S AR T AR A PO R SRR
E. CREABREASHETFFEY.

Rgl Rez Rm REA Rgs REE
/al/al/al/at/a] /e
Al| 5.8 | 5.8 5.8 |5.8|5.8]5.8
Bl| 6 6 6 6 6 6

Cl| 5.5 6 [6.6]6.6 6 5.5

Temperature/K

Finger number

2 6% HBT B A BEAH
Fig.2 Temperature of each finger across a 6-finger
HBT

Xt FI#%E HBT, B ¥ R HREHE L, BHER
flILA 12 #8 2 % HBT 6 4 & 5T 4R 4 0 3 P 3
BN B BESEIERGRESRGFE
PAME BT B /MEL I i LA

Rulc Ve - KTo/q (3)
Iz + AEIwRyIcVe/KT?
A Ro N EHME; I, [ 45 AR B RAE S
BB Ve W TEBRE; [, h RFHEE R EEA
M AE ARMERERELHERE.

ALK Sio.s Geo.. HBT Hy#il, fE— & 9 THE &
HTRBHE HBT i B R ST IREA W LR
0.75Q, BIX F 12 #§ HBT KRB R HHRAR S
3905 9Q. e R ERAIXT 12 4§ HBT 54
WA HHAT TR Z BB RE, %R 6
MR BREAT A RIZX 6 MR RER S
Bﬁﬁﬁfﬁﬁa‘%ﬂ% RegiyRpp s Rs ,ﬁq’ REGj‘J:E;H.;P
AR SR I F B X 6 A K AT AR R R BEL A L
M4 ReisRezs Res» Ml REA'\"REG’:“X#R%:NEE
BT R, AR, BRI HE W
T (DRl 9Q &SR BLY E o, ERIES R
SR A R L (B &% R 40 S O o BEL O B AED R R 1

Renimimr =



T

24A%: BTRUENNERGEIE HBTs IR L H it 441

BT B/NFE—H R ME_H R BHE,. ¥ KE
=4 Rﬂl%mgﬂ(Rm"’Ras)m{Eﬁﬁﬁﬁ’fgf
BTN EARENEELH, ME3IHK C
fim. ATUER SR P OREBETR, SHA%E
EEYAE, SARAREET XK. (LH#HL C
%Ziﬁﬂ&%ﬁ‘ﬁﬁ%lﬁﬂﬂ%?ﬁ,ﬁ REl 1R82 !"',Rsse'/l\
REREREEATHA, ELARDEFAEER
HBE RS PO R SR R R B, TS B E
BEMEAFREBERSHI ML, WA 4 8

B5AHTHREEEFREANMBHEEMNER
ToRAXRSRIEYSER B HERITEHE HBT
CHEOREXERR,TUFLERENBTER
SHREREERT I, EHTRTHEFPOSE
BEEMLT 16K, 5 R E R 2 H 20K B/hF) 0. 3K.
HREENRLMNEGHEE THEEXNRELGT
(Vee=1V,V=3V). 4% HBT REEL EL T
BRI RAKFE, JEH 5 R SR SR B R
CHETRESTHNRESEMHE.

K FPm.

Re Re Res Re«~Rgs

/0] /0] /0 /0
Al 9 9 9 9
B| 6 8.6 | 9.9 10.6
C| 7 8.5 | 9.5 10
D| 8 8.8 19.2 9.4

415

¥ 410

£

g4

[>4 -

395

H3 EH9EFREFKEEQRDBEIXMER RESH RS

(A~D)
Fig. 3

Finger number

power HBT with non-uniform Ry designs

Improvements of temperature distribution in
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Fig.4 Further improvements of temperature djstribu-
tion in HBT with non-uniform Rg designs '

415 r T seA
) L -~ ~ —=—F
¥ 4101 /. .
- : %
£ 405} / .
E Ly \
£ 4001 ," x
(7] s ]
= L il 3
3951 \
P ,
- " 1 i 1 n 1 n 1 a1
=246 s 1012
Finger number

B5 REREREEIESTRITMYTRITLE
Fig.5 Comparison of temperature across the 12-fin-
ger HBT for uniform and non-uniform Rg
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Non-Uniform Emitter Ballasting Resistor Design of Multi-Finger
Power HBTs with a Thermal-Electrical Model*

Jin Dongyue', Zhang Wanrong, Xie Hongyun, Wang Yang, and Qiu Jianjun
(College of Electronic Information and Control Engineering, Beijing University of Technology, Beijing 100022, China)

Abstract; Taking into account of the temperature dependence of base-emitter voltage and the additional ballasting resistor in
emitter,an improved three-dimensional thermal-electrical model is presented to study the temperature distribution in power
heterojunction bipolar transistor (HBT). It is found that multi-finger HBT with uniform emitter ballasting resistor exhibits a
higher temperature at the center of the device,which reduces the power-handing capability of HBT. Therefore, non-uniform
emitter ballasting resistor design of multi-finger power HBT is presented to improve the power-handing capability of HBT.
Taking 12-finger Sij s Ge,.. HBT for example, the design procedure of non-uniform emitter ballasting resistor is described in
detail. Compared with the uniform design, the center finger temperature reduces obviously and the device temperature distri-
bution is uniform with the design of non-uniform emitter ballasting resistor under the condition that the total emitter ballast-
ing resistance is the same. Furthermore, it is found that the temperature distribution is more uniform with the exponential
variation of emitter ballasting resistance. As a result, the power-handing capability of HBT is improved obviously, which is
beneficial to the design of power HBT.
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