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In this project, the partial differential
equations for computing heat transfer in

PCB’s and IC packages are approximated
by using the finite difference method.. We
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have proposed efficient equivalent circuit
models to simulate the heat transfer
mechanism of PCB’s and IC’s. The
traditional equivalent circwit model for the
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heat transfer of an IC 1s a three-dimension
one. The objects of the modeling method
proposed by us 1s to simplify the three
dimension model into two dimension one.
Actually, we have proposed a compaction
method to produce the stead-state heat
transfer model of an IC previously. More
works have been done here, such as,
(1)the method to separate the ecjurvalent
produced by the ambient
temperature and the electrical power
consumed by IC, and (2)the improvement
of the mesh-refinement model of the PCB
In the previous version.

MR E $=:F N

B AR B WA R K Balr e B
JEAIR o AEATRAFIBEL B &R B
LB E AT - (2188
BOFEAEBOREALARRS - R
o ERMB—EHREERFTR—
S ENRNE EZ»HT’ T AR L& T8
BESHRAGILTREZHE ER
F o AT ER G eRERARBAE L
o BRITAESBES TR
wmE Mk o BmATAT E R -
Rt £ERZY > ZAHEMEE
B 2 S AF BB AL 0 HE A B R A
155008 B i R G ALe Bk > B

circuits



AR 0y BEBARM B3 -

AT A F 5 AEA M T BAR B
BAE R 0 Godfrey H A[1] 1&
A ANSYS A Rt % ( finite element )
RAE 0 o B3 S U P E B AR 0 B B
#.A 5 Chen #= Yip [2] e A A IR £ 57k
#£ SPICE b2 31 — 18 & #54% 44 2 Fo 4Rk B)
# A5 Hebrard £ A [3] RIARE 4B
A tm 5 B 6 ik RAR B AR B AR -

AtE AR ERELE Chen v Yip
&) T RSB EAR B LA B A o f£ T
x> RFERER T X > =4
BRIk — a2 Ry R a
WAL A o AR AL RE A B &
AREERS - EREHRST @ KA
4B AR Tk AL S EAERE
B 80 25 ROR A A 094 B TR AR AR e )
B a9 47 3 B AR o
AR ¥

ARG P BIVE AR T E
A AR R HER -
3.1 HMEEBYEABAZ B

FEE—  EFERMe L

KFIE 3.1 9= B KEL A
5> B 3.2 2B 3.1 AT HF
Cthypga KA EE | 23y i B 5 4 E

e

%o
FH - KREBHLBELER

E B 1 A RIIEER 3.1 ¥ ¥
Bgsl g E—EBIERERR] > ™
AL B B F B R
Hel ERAMEZAKRERR > mE

3.2 AB 3. 1 9F AT » ki BRH
B3.2#LARGER - ERR o
3.3 BRI L, BE R T B 3.3 4o
Bl GEITRAS

(3.1)
FRUATTAZ 80 25 1 89 S ES

tm
v Nodd (tm ) = [1 —e R[thCthM’de(nh Nodd T Ide x RthNodé )

— [m

RthnoaaCthvoae -
+ g Rthvoaa thoda XVNad&<0 )

(3.2)

&ILHO e = _t

! Rth X (Vthrmdd + Idc X Rth;m(lel )_ Vm)dd (tm
“ " \(veh,,., + Hc x Rh,,,)-V,,,.,(07)

T KREEHREHER

HAIZELE S By EEHRE 3.1
BB 3.2 &g 1 A - D AEE
.l PHEHE l #E—EHIERTAR
BRI AsfE AL B (R 2 ~ 9)sa s
Bl3b > mE 3.2 AH 3.1 FERER
FIT DA 25 AP B Ao B 25 1 4 B 48 R KD
MBI ERERR] > REHEHibz
R B Bl AR e H4a 8 2030 0 BP T A
3.4 B F 2 EH o B AATAKEE 2
—E =2 e EE R A o Bk
Bl Y REFTRXTEA !

—tm —tm

Piodei(tm) = (1— e T YWss+ (e T x PNode1(0 "))

(3.3)
T4 RS 1 6% AE BRI B




e B 1 SLEp B 2 X Rl Ay EIR

Ivoder_ Node2(n) = [Im]Node2(tm) — [ ] Node2

H¥mmy,, ,=vih,, IR, . (3.5)
meE 3.4 7433

Node I\ Im dV’\b(M mn
I]\ba@l_NOdd(tm) = 1;/]1 ,w:tvlz + Cthvea1 Nate2 dt(t )

—t

Ve (8 Vas—Voe(0) 7
_—WH( ) +ahw>|7 Nai [_59 &(0 )E‘R"“ ]
Rivia v Thaer

el Nk

(3.6)
R g HeE Xl T A RAF

_ Vyoad (t m )

I yoda_Noaa (tm) R
N Nygd Noda

Cth npaa_voda =
Nodd _1 T\ &
V\'x — VNndel (0 )e Toua

T\b dd

(3.7)
FoArg o LR B b3 04 Ty TR AR - i T R
HAE—H A CH S Mg
5@1 o
.2 ERTYHXBLBERE R H4Y
o AL A

Fe AR ¥ o SR & e —
B A BN REEELERRE
Mo mMREEFXTRRAT T wHlL
b B B 2L 6 F AR 0 M b AR A &
HIRIER R U ARG AT E A W h R M
R AR BV RITR L B R R
AFERNIBOBREFTELER Y 5L
ko BILEBNERER BN RRAY
RESH—TRRI; > MEBERERT
B R T AR~ BER SR
T HRER B [ HERER
W RARIE bRy EM
i SABA KW i L 200 PR LA B AP LA B
3.0 ERRERRANBEEETR
3.5(b) - BR#E 3.5(a)#(b) & %%

By > AF LA
Vihy,, . =V, +Kw, . I Rth (3.8)
BT A ¥ — 1B 8 B > AT SE BB
TR R B A & B o R A R
BEZEHEME > T RIFAHEN
KWy > B30 AL BB o
3.3wEBHEYER

4 B BFR AR o oA R FE o) R ok
mig B XN RIAE - At myE B A
e B 2 0 1> @B EERN &
AN ERAE A B EB N & 248
ey BB 0 R4 B B ZEARIE M
145 A PR £ 5 4n =T A a8 B X
RLE o ZRAFEE > KIFHRA KRN
o @ 3.6 ArIRHRA > (a)E(b)y
BRER@EBEE > B 3.6 8 @7
REFERGHMEE 52 "X AREE &
25 o [ PR Bp 25 R AL g 64 i 5k B BS
6L a B 4t BE AT DT R 69 — R N IEHE
B 3.6(a)mm T AA G EE
3. 6(b) FlH AL B #h Zh ey nh 4 25 - 2 P LA
IS B 2L ARGt 2L > AT R LT
A — 8 o

Pl & EH IS e B e
WBeEE BT RAMLAREER
B4 B 2 6938 - B A TRt B
PR E A B BR BB AR B > 2 Pl m i
B R4 B &2 E o B3 KA 48
RERIRG 4 B B B e B E LR E
B BEESABMEB XL MBS
L sk TRT R4 B BAyEHEE o
RN

1. E#ARE IC A& 6048 R



4.1 L EHAIRE TAFECEE
B 4.2 2 Eirm 1Caymmesis AR
FEAISH B F AT > KAV 1L
BA g E R[4 RFrei > w B
4.3 BB 4.4> 7% dh 4 & KA ey B 46
R WHRA[AMER F AT AR &
% o
2B TR UHER YRR S

Je b #2444 — SMD T 4T3 R
BRE0184 UE 6 B A - B HE
BB RURKRMAFE@ 2 —
ey TAEAEE SR R~ A 10mmx4mmx
2mm o H ¥ 4m i AE4o B 4.5 AT o M FRA
A A 7 3L F AR A 64 TR U B A
S RBEAARE L b F & 0 Hwgy
2 — TUA 8 JR B5 R A BB T 8
S EE R o B R R BT B 4.6 o
BEBRMUAKBICEAELSE T
BB AR R W AL E BB B E -
UER— L B YHRE AP

T‘)‘ ei T iginal 1 No dei
Frror(./.) = [ ()/dul] No dei [ Orig I]N de ><100’/o
[TO)'i

ginal ] No dei

( 3.18)

3 42

&

B HARE>EXBR A
SPICE E# &y EBA K L4 544
T IC A EEBIRGEBENRE S
R IC At BB E - ZNER
R B AT AL B A E ke L i
fb o LA b i fALiE 00 o TR AL A g
TR AL A G SRR 008 B o
12 7] &p B AR B R R B 2 R > Hid
| amibey B ey -

A~ 5 F R

[IJWM. Godfrey, K. Taghavi CJ.
Cremers, and M.P. Menguc, Interactive
thermal modeling of electronic circuit
boards. In RA. Witz and GL.
Lehmann editors, Thermal Modeling
and Design of Electronic Systems and
Devices, pp. 65-71, The Amencan
Society of Mechanical Engineers, New
York, 1990.

[2]J.E. Chen and G. Yip, “SPICE models
for thermal and vibration analysis of
printed circuit boards,” In Proceedings
of the 27th Intersociety Energy
Conversion Engineering Conference,
pp. 287-292, 1992.

[3lLuc Hebrard, Gilles Jaquemod,
Bernard Boutherin and Michel Le
Helley, “Simulation of Electrothermal
Interactions in Power Integrated
Ciurcuts,” In Eighth IEEE
Semi-THERM Symposium, pp. 16-82,
1992.

[4]J N. Funk, M P. Menguc, K.A. Tagavi,
and C.J. Cremers, “A Semi-analytical
method to predict printed circuit board

package temperatures,” In Seventh
IEEE  Semi-THERM  Symposium,
pp.7-14,1991.
N Bk
T
IJI
E.. R nodei
r$ . r=

0 T«

Aes, | Cnod%
¢l

2 ode3

CERY LR L EISEN i



€

hyater —

Rhge
Mel
Rl 1 N
<
Viode
=%

Cth Nodei_Node j

W32 SRz AL =

Nodei

Rltnig i Nk

Ie Y it

J_Vundd

Vinodd

Am g =

Qs i_pite

B33  RRPSHRE | SR I, Tl 2 9 R

Qg =—

Rihygy
e
Bhyag 1 v
4
Vnc:lsl
L

k_

1 = N
| T
- a
1. | \(r{y é
g o ‘ Rl 1
= Nadei Nati
Ty e Rl et j
e s | My a3 -

@i Nadi

W34 THERES / ERTIN I WeTs 2 ~ 9 SR FhY

o

Rilares

W35 (a)&2mes

Kivgous I

Rehyatei

Nocki

(VeSS R

ok

)
% X noa
00
X X 006
0004
X ¥ 006
e b,
@ (G

| {E/BFE TR TR

27mm)|

22mm)|

................. L 3. 1mm

4.6mm

4mm

[icd 2.6mm

17mm

52mm  100mm

4 1 MFiRAYOCRIRA

Thickness Conductivity
EP OX Y (m m ) (W /mm C )
1.7 1 0.000669
LI SRR 0_.28....0.0.0433
0.038 0.00433
copper _____ 0.081__0..328
filb er card 1.575 0.00297

4 2 MREIREEL IC BIFARY

.
A &K T AR 4 65 M0 E B ey ex X posit ion(mm) (Y=220m)
LE(C)
-%

R &8 T ARSI QOB F R ey sz X posit ion(mm) (Y=2Tnm)

O+ 3 1 RO B R e L

X
(@

(b ©)

b os0 @ m-‘:‘)m 130 0 19 160 D 19 B0 X
04 5 IC A ORI A
LK 1 RE

dob b B bk T

mHo

M 4.6 IC EWFAIRE RS IR



