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Fig. 1 Temperature variation along x -axis
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Fig.2 Temperature variation along y-axis

3 BRHRIREIRE
R HE T BB PRI — e A I R

viT(x,y) = 0
R4S SR 2, 5], B T R I
E 5 A GUIRE 7., T 380 10 45 5 /N T8 1 19
JELJE, MO A D RE R A AR BT IR X [ 2R 1T s 5
AR SRERL AR 2, U (R AR 2 4k, T S R T R OA
A
or _

O o= -pinn

e | = Pl

Tl y=D = T.

2 1 I FE 6 MR T ARG 52 w2 ISR

[ 9], TEf) TR AT A
k(T) = 320/(T - 80)

XURR Dy 6 iy M vp AR 4 3 BORJE T A L 4,
NREEP(x) = Vol o(x) . TEILZNE TR
Ve fEA XA 2 5. RN To(x) = Je(x). B
A BIT WIEME B — R, AT 24 ri Al AL %
JEE Al ml ks 30 dge KA R L AU BE J e IS, J e A
SN J oy ARSCEAZG LRI L. A SRR H A

Vie— E.(T
Je= ]nexp(qmd_l)

A Ve RSG5 WU n D RS A HL AL A BEAR AT
T Jo 5 T BAE L, U R BT B, Jo Bl



2 AT

T oy 4 UURK it PR A8 0 A1 (1 2 B AL B ol 2 5 1 Al 2 20 211

JEE AR AL AR B 55, PR A8 v S0 AR R R O LG K.

(T) A ENPIAEN S e, E(T) SHET R B
ol

g+ T

$T Si MEL EL(0)= 1.170eV; 0= 4.73X10*; g=
636. ( A T3l A 1) A SC B AT 25 18 A T A 58 1)
SE)
KT b A AT AAE 2 AN/ S R IR IR G, 4
AR At s B, AT A A
I.(i) = A(i)Joexp

(Q(V'w(i) = I.(i)R.) - Es(T(i)))
nkT

l< i< N

EAT) = Ed(0) -

;1‘.(5) = 1.
AP Re A TR B A S 5 AR 1R W BEL.

4 BHEHRGE
AR SERR% 18 T I 3 R AR g

WA e T s Sy FF TR PO FRKES
IR LG R R K Z L. 1 3(a) Rtk GRS

je————————>
D | e |
_-_—#: é ﬁll----
(@
Lgg
__-$ .I='=. I=l_---
N ] 1
L} L} ] L} ¥
1 1] 1 1 ]
L] L] 1 n ]
[] [ [ [ 1
e B Ml B R
] [l 3L! 1 ]
[} L] L 1 ]
1 n 1 1 ]
1 1 1 1 1
- 1 [l 1 1 1 R
b)

Pl 3 SO AR a0 (o) WS Y= 1 (b) Y= 2/3 uh
S o
Fig.3 Emitter stripes structure (a)Normal structure,

Y= 1:(b)Nonuniform power designed structure,¥= 2/3

A Je, TSR K FEARIA], Y= 1. P& 3(b) MIRH 4
DA 2 P 3t ek g XA S, o I 1 o S 4 K R B K
WARACIER 2/3, y= 2/3. AT AL S 4% 2 [a) J2& 4h
FEDK, ph i R ¥, DG DX P AN P A A AR S BR 3
i = e g5 IR, o 5 8 R, o5 Tk =4
BT SE g HEEE . AR 0 R el %
TR 45 R I R D ot A P A 1 £ A )RR A
WXL IR A, I LA b D 355 A 1), el ot
ATARXS T 585 § 4% ASRAR IFD ot A Y BT RE I 2 S T
j:i:
P(i) = Ve X Jo(i) X Le(i)/L 1<i<N

5 HEER

T BUE AU JUAT 2 BRI T SE Rt il
DD de A, LA 2 BOE L 0L SERR DR i AA
AL RS 2. 288 TR 1.

21 LS E A B

Table 1 Geometry parameters and electrics parameters
5 " TGS R G | B 4 LR I
i WAl Jod | 3y A

BRI T B LI 1/ A 0. 02 0.0167

S BORE, VeV 10/12.5 10/12. 5

ST T R Jo/(A s um” P) 11.1 11.1

R B, Re/(Q * um™ %) 40 40

SR B R FEAL R 7, n 1 1

T4 A0 K B BE, Lon/pm 28 28

(V2 E JIE 3/ 20 20

KA R K, Lo o/um 20 20

e A, ¥ 1 2/3

I IEE, D/ um 80 80

R e, T./°C 75 75

R AT B 22 73 R st s A 5 v 0 B2 HE AT K
KR, JF AT 45 FF 00 —4exh Rk, 7507 0~
W /2 Y6 A A R AL JE 0 A1 R A S B FE O R )
Ai, T B 75°CHREN T 5 9256 45 Rk By . v 54
RoRT B 4 fnE 5 .

P 4 JT 70 A2 it A AT U XU 45 20 A X T
Wil A SR A SR ai R Y= 1, B & il LA 0 X
(x = 0), de i 45 il I R S5 I ZE BN, 294k
P RZ P S DI B, o A v 65 3 P 39 o s €
KT TG X 3T B 2 A 8 NI 4 3] v o R A
3k Jy AR A y=2/3, B AR ANAE PG X
do, M RAE = 18um PR, Bz v 45U 19 e A 45 i 1)



212 SEEEE- S 3

s
L

{4 24 4

ZEAHE N, BEN IR IX N G5 A A5 22, M x =
0~ 30um &5 75 S ANAE S'CLL, 45 e i ef 39 I
iF, G 404 M 28 JU T & AT b

—a— ¥=1, ¥=10V
—e— =1, K=12.5V
—A— ¥=2/3, K =10V
—— ¥=23 =125V

375} ""*\\

0 5 10 15 20 25 0 35
z/pm

P4 UV b PR AT AT D BT S5 i 20 Al
Fig. 4 Simulated results of BJT 's temperature dis—

tribution

0S¢
04t
031

—u— =1, =10V
—e—¥=1,¥=12.5V
—d ¥=2/3, K =10V
—y- ¥Y=213, ¥=12.5V

130 ¢

_0_6 A L L L 1 1 l
0 5 10 15 20 25 30 35

z/pm

P 5 0N o AT AT I DL 3 4 Al
Fig. 5 Simulated results of BJT s current distribu—

tion

Gl o AT AN 2] T BOR ST A 2. K
5 BT i o it A AT 5 DB R 0 P A A 0 T %
TR AT R iR y= 1, AR A S X L,
I Ak W 9 3 TR K, L IR R ) 0 A LR AL BE U, JF HL
i e A0 LR L T RO o, b 2 RO AR A, X R
BRI E W%, PO E L 5% ik
B 345 0 TR A K B AL % 3] vp o 2 M i Dy
KA GHE Y= 2/3, BAT BV P LS, 16 2 =
0~ 30pm [0 [H A LU 5 T2 R L 2 L
REFAE- 10% ~ + 10% LAWY, Bl 4 v AR /i T 0 19
T, HE I T A AT s A2 Ak

ML E o 5145 e mT LU RS A Jm 5 K )
SRR s A A 1) 65 3 2 A R L 3 8 R 0 A A AR K S
), Bt A A 0 X O RS AR P A R X 5
A Z L y B BRAR, b A7 45 il 40 A R0 Ha 00 % 8
GIAT T T 2%, W RR AR S e A i, AR T, 4R
e 1R AT S R A R RS L I AR A S 45 R
(R, S bR T AR S AL T R, Y
< 1A D TS R A U N AT I DX 0 ) ) AR T
AT A0 1 o0 G5 G T .

6 KEER

AT SR BT IR T SR R At
1) RURR B itk T S AR A (y= 2/3), i T 08 T LR e
J, TR T R T 2 e R 38 40 (R AU A8 T
R (y= 1) IARUEB R 7 1S R — 2
I R S A S R AR ), K R AR EL 2924 6/5.

P B 2 X 1 RV T S PR A 1 o
i, 20k H A, $EHCH A S5 B R
FH P JUART B v 2 2 B50sf ke U5 T 52 s ol 46 ¥ 28 1F,
21 P, FIH QFT 2 %) 427 1) Infrascope—I1 # ik
B PR 35 CFEAT T B AT, I 6.1 7
SR T IX PP G5 R (1) S A LE AN [R) T A S PR
JE 53 A, e AE AT R 5 2k 75°C.

MSEEE 45 AT LG, Y= 1 f 23 45 4 4538 1)
Soe KA H IAE B8 A AT DR DX (1 0 DX, TSR Th R %
JEAES A vk 40 y= 2/3 53 1 d5 A AE FE
A3 P50 SR BT, ST R A A IX S AL
BRI 45 TR — B0, BT 4% TR S 45 R b Wk
2. Jpe S5 T ST AE R B S B I S R A AR —
. AE Y= 2/3 AR A g MR, b4 45l S
SRR A A, TAE y= 1 %@, g
SRR AE S BRME 2 R X BRI ES
AT = YEAGE . B 6.1 7 T, BT A
A 9058 DX A A T i A PR R, = 1 (R T A R Y
A5 DR )i S AT R ARAN Y AT, L e AR
T Yol X, LA RSE B A 96 DT BN (B Ve
(18 0 A e i i Ay, ELECRR A 1) ROSE i e il T
5, X SR> 10) MEREARAKMAR. Kk, &
SCI B ANRE RS 6 F 55 y= 1 9l 454, (HAE M
S8 S H S R A, ATh T A R R s Ak T L i

el 4k



24 % A

T T A OUR ot A A9 A £ 2 5 B0 B o 44 o TS A B 20 i 213

(a)

P 6 A AT 5 D 4 A (0 00 ik 2

(h)

(a)¥= 2/3:(b)¥Y=1 [.= 0.4A. V.= 10V.

Fig. 6 Infrared images of temperature distribution (a)¥= 2/3:(b)¥=1 [.= 0.4A.V.= 10V.

()

B 7 T A A R A (a) Y= 2/3:(b)Y=1 [.= 0.4A, V.= 12.5V.
Fig. 7 Infrared images of temperature distribution (a)¥= 2/3:(b)¥=1 [.= 0.4A.V.= 12.5V.

A2 ARG e S R ©
Table 2 Comparison of simulated results and experi-

mental results

Y= 1. Ve= 10V |¥= |, Ve= 12,5V (Y= 2/3, Ve= 10V | 7= 2/3, Ve= 12.5V
Timos | Timin | Timox | Timin | Tjmax | Timin | Tioux | Tijmin
PFEEEE9L1121.3]103.2[136.7/109.8/107.6/101.2[116.6/107.6
SIS ML 124.7] 112 [138.3] 125 |105.2] 100 [113.8|107.5

@ A

S AMEAFE R, RATHI& M y= 2/3 9L
) G5 K i R AT RS BB L BEL R (S R.<
0.05Q), ¥=1 ) 45 ) ey 5 WA R S Al At vl
BEL(SEW R.= 0.2Q). S8 45 R Won(# 8), dE A
S5 SR IR B AT RS B B, TR SR
SRATTE AT,

XPIX AP A E TAESE N 3. IGHz FifT T
TR, 2R 10%, Vel 30V: Y= 2/3 4E
4175 G5 K S S K B A 100ws B, Jhk e 4
DIk 3 6W, A1 11dB MIZhR M a8, Tif%< 1dB, 4
ikt 98 DA 300us I, ik bt Th AR TE B 5. 5w, 1)
RIS 10dB; Y= 1 IR0 18 4540 AR 1 ik b 98
3 100us B, Jkphfan T Z ik 2] 6w, JL AT 11dB
(T 1 2, (EE TR RS> 4dB, 24Kk 98 & 4 300us
I, Bkl Dh R < 4w, TR S D B 5, HLAR 5 4%
S5 B DA 5 R mT LU Hh, 200 h 2 % 2 4R34 4
VU (R P Th 3 it P LA O e ) RS 1Pk



214 +

T ik

ik 24 %

f ' i

AR 1
u wi@ ALY

P8 ST IR AR (a) Y= 2/3;(b)
Y=1 [.=0.4A,V.= 12.5V.

Fig. 8 Infrared images of temperature distribu-
tion (a)¥= 2/3;:(b)Y=1 [.= 0.4A. V.=
12.5V.

7 %t

AR SCF P RURRE it A7 11 AL R 5 1528 S0 TR 1
BT R AR AT T 4 A AEIRL, If B
T DhEE AR AT BTy k. ML, R s 56 4
SEUL B, T D R A 1) T AR R AR R At T
A3 0CH ol 2 1 FL AL R (10 3 P R R ) 38 A 4
AR SCT RS 4 K P WA 905 X 300 5 81 v o 2 P 326 9
(y=2/3) [ &5 ¥ SU F ke B ik e vk D7 i 1 A7 3%

V. BEA KAV A I 38 0, 26 UHE U 1 4543
A5 138159 P I K H S B L o of e S %
T, R AL Y.

Bogt  BAHERURSEROE TR TSR RN EEA
GURME Bl 8 T T T RO R AR SRR A A2
AT ] o 25 T () SRR B, 300 SRR R M
B TE A I A LS A P T A ).

S 30k

[ 1] Wilcox W R. Heat transfer in power transistors. IEEE Trans
Electron Devices, 1963, ED-10( 5) : 308

| 2] Lindstead B D, Surty R J. Steady state junction temperatures
of semiconductor chips. IEEE Trans Electron Devices, 1972,
ED-19(1): 41

[ 3] Gao Guangbo. Nonuniform distribution of junction tempera—
ture and current in bipolar microw ave power transistors. Acta
Electronica Sinica. 1978, 2: 56[ 4 i, AU 5l ik oh 42 40 {4
A EEI R AR A 40 A, AR R, 1978, 2: 56

[ 4] Bosch G. Anomalous current distributions in power transis—
tors. SolidState Electron, 1977, 20( 7) : 635

[ 5] Gao Guanghbo, Wang Mingzhu, Gui Xiang. et al. Thermal de—
sign studies of high-pow er heterojunction bipolar transistors.
IEEE Trans Electron Devices, 1989, 36( 5) : 858

| 6] Wang Yinsheng, Shan Ning, Wang Dianli, et al. P-band high
zain power transistor with 150W pulsed output. Research &
Progress of SSE, 1998, 18( 1): 15 T4, fugs, TA0H), 5. p
WEBLIR PP AR 150W 1 A5 oA b PR R TR R Y
HERE, 1998, 18(1): 15]

[ 7] Chen J T C.Snapp C P. Bipolar microwave linear pow er tran—
sistor design. IEEE Trans Microw Theory Tech. 1979, 37
(5):425

[ 8] Leel G, OhT K. Kim B, et al. Emitter structure of power
heterojunction bipolar transistor for enhancement of thermal
stability. SolidState Electron, 2001, 45: 27

| 91 Kokkas A G. Empirical relationships between thermal con-
ductivity and temperature for silicon and germanium. RCA
Rev, 1974, 35: 579

[10]  Thurmond C D. The standard thermodynamic functions for
the formation of electrons and holes in Ge, Si. GaAs, and

GaP. ] Electrochem Soe. 1975, 122(8): 1133



2 G5 TR U A OUUR A A G A 11 o B A R AR P AR A B 215

2-D Thermal Numeric Simulation of Microwave Power Bipolar Transistor
and Nonuniform Power Density Design

Cai Yong', Zhang Lichun', Gao Yuzhi', Ye Hongfei', Jin Haiyan' and Zhang Shudan’

(I Institute of Microelectronies, Peking University, Beijing 100871, China)
(2 Nanjing Electronic Devices Institute, Nanjing 210016, China)

Abstract: By the thermal-electronic coupled model, 2-D temperature distribution of microwave power bipolar transistor which
is steady-state biased is numerically simulated. Nonuniform power density design technique is presented. T he results of simula-
tions and experiments show that power density nonuniformly designed transistor has better thermal and current uniformity
than that of normal transistor. Hence nonuniform power density design technique can improve the reliability of microwave

power bipolar transistor.
Key words: power transistor; numeric simulation; nonuniform power density design: temperature distribution
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