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Abstract

With advantages of large specific surface area and high heat dissipation efficiency,
microchannel heat sink has been widely used in chip cooling. But with rapid development of
microelectronics technology, not only the total power and heat flux of chips are significantly
increased, but also hotspots are locally generated with large heat flux, which has an extremely
side effect on thermal performance. Therefore, how to effectively remove the heat on hotspot,
while ensuring the total heat transfer performance becomes an urgent problem to solve in chip
thermal management. In this paper, a package model containing hotspots and microchannel
heat sink is established based on electronic packing. The total performance is evaluated from
two aspects of flow heat transfer and thermal stress, and the geometric structure is optimized.

Firstly, a microchannel heat sink with a single hotspot is established, and the effect of the
hotspot on cooling performance of heat sink was numerically investigated. The results show
that the hotspot partly change the distribution of temperature and thermal stress and increases
the corresponding gradient. Meanwhile, the deterioration gradually increases as the thermal
load at the hotspot increases, which deteriorates thermal performance. Based on these results,
combining the characteristics of MCM and BGA packaging technology, an MCM-BGA 3D
package model containing multi-chip (hot-spot) and micro-channel heatsinks was established.
Through the thermal-fluid-solid coupling calculations, the total and local flow heat transfer
performance and thermal stress characteristics were analyzed separately, and comprehensively
evaluate the thermal management of the package system. The results show that temperature and
thermal stress are kept in a reasonable range and distribute quite uniform in most area, but it
has huge gradient partly. The temperature concentrates on chips and chips solder balls near the
outlet and the maximum thermal stress appears near the spot welds. The thermal interface

resistance has negative effect on both heat transfer and thermal stress performance. Based on



the results of the characteristic analysis, the maximum temperature, the maximum temperature
difference of the single chip, and the maximum thermal stress are selected as optimization
objective, and the flow and structural parameters are optimized. Studies have shown that the
relative flow direction of two areas, the thermal conductivity and thickness of the thermal
medium material, the thickness of the thermal expansion surface and the thickness of the
substrate all alter the heat transfer and thermal stress properties. Based on the single parameter
optimization results, the Nelder-mead method was used to optimize the MCM-BGA 3D
package model. Finally, the model of non-uniform distribution of hotspot was established from
the aspects of heat flux density and geometric arrangement based on uniform hotspot model,
and the internal arrangement under optimal performance was explored. The results show that
the model has the best performance when the power of a chip near the entrance of a row is 50W.
Both translation and rotation of the chips can improve the flow characteristics, optimize the
heat transfer and thermal stress performance. The overall performance gets best when the
translation distance is about 0.75mm or the rotation angle is about 10°

The results and conclusion in this paper could improve cooling efficiency of hotspots on

chips and provide important insights to design high thermal characteristic packing model.

Key words: Microchannel heat sink; hotspots; flow and heat transfer; thermal stress

coupling
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T S5 45 A FA R, g [RB 23 AT R AH S RIE TR 2520 o S FLAER 6l 235 Ak RS g (0 T 9 B4R R A
FISEME T b AR AT B XoF A g A A 0 R 8 DX 3 23 AT R RO AT 9

1.3 AXMREAS

EERTEUA W SRR BRI R G 1 SR BN TR A, L RANRE
i AR B AR N 2 R A REAVE B ASOR GEIE AT S BT R OR S, ST
AE Z A R IR AR, S B TR B R S AN S R BEAT A, TR At
BARTERE - 1 i B 5 S5 S BT AL « S e LI B R AR 5 0 A RO Y
RV S AR PERE N I A . WE R BN EW R

(1) LA B — I AR A o IE O, 5 B UL ) 7 ik T B e R A
R, R [ A EE Y 5 0 AR BRSNS B, PR FTIE R S L IR X i 3 A

(2) @A Z AN BOETE AT B, 0 B DL R o) s B
HIT BN AT AL RE , 25 SR I AFAE I BE B2 10 ) B DX ek o FE RSN e IR BE R B il L
BEAT #A-TR- B AR S T E B, 0BT AR M R AR R AT, 0o S R R BEAT M REPRA
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(3) B0t N7 (1 3 A R mhv i Sy 8 2 B TN A AE 1) T, e B R AR AL A,
XA B & S S B AT UL, RS R R IR RE T SIS HL

(4) B S I I3, AL AR S I ST, e ST B R AR A 2P
e, FFIRTUR AR IS TERE T AR -

14 BXHETRHA

B RN T HOE I AT I AR, KB T A 4 R [ R R A 4 A R AR
RUGFEE, A M H X OB T TR . B S 454 MCM Rl BGA S R AR AOHE #
BT AA 2N HEK MCM-BGA #EAL, JFRASL 1 i 56 o 5 % 1) SR Al R FH 17
COMSOL Multiphysics #H4 Ji #EFE 4T & Z A 4H

B =FX MCM-BGA il e v SN EAR R R S EAT @ M0, Rt iR 5
FAAE R R B PP E BRI 22 (1 X B 3 TR B el AT P Tt- R S B, B PR AR
o Aikett, X MCM-BGA g .

EIE TN MCM-BGA [ITERE T, XTI ALIE IR S 7 5 #1404 EAFALE
(Rl , ERECOAL HARSHL, @i SUR R AN B 7 G S, R AT R AL
R RS

O T el i A HEA, 2257 MCM-BGA R R ATk # sl i, B4k
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FIE RSN RIBIER TR W5 K& E R ER A

A R IR AR X Rl A TR e AR B8 SR g A A T S . R
R BN RN — D U A SR o DR A R ST AR AR B — T A ) PR TE A
R, XM R S 0 A R B BEAT X G, PR TTIE 34 i B I B i S A
VERERISZMARERE . SRSl B 20 H Al w R T EEOR, ] BGA il MCM $f 3¢
BORIIRS /L, 9 Ja SE0F FORER (At 1 BEAR A L

2 l 1-14:;\(\'1\\\14:\ /JIL :36:,_‘-1-]-1:%1 W |‘$ %2[”‘“]%1:)?
2.1.1 YERE

N T I3 Al B RO R IS ¥ R RE A RN T 3 A B U, AR E 0 S 3L T A7 A
LI S RO IE T, LSRN [R) A FA R A 5 AT AR JER TR EERR, il 2-1 i
7y He P B AT AR TR Pl o T A AR I T SO TE AT R Nk 2-1 A 2-
2 flso

(a) BB

(a) Cross Section view

(b) JRTH B —d#H K (c) JREHFWRMBHI M0
(b) Single hotspot on bottom surface (c) Uniform heat flux on bottom surface
B 2-1 fgMERERIIURRE

Fig 2-1 Traditional straight microchannel heat sink
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R 2-1 MR RS 5700 R AR B (W/m?)

Table2-1 Heat flux with uniform distribution

M EE i # R 2%2 em? I # R 5%5 em?
250W/cm? 69444 .4 434027.7
350W/cm? 97222.2 607638.9
450W/cm? 125000 781250
550W/cm? 152777.8 954861.1

R 22 EHEMEBERIIRYT

Table2-2 Traditional straight microchannel heat sink parameters

PLE R~F/mm
AR RS 12x12x1.0
HIE R 12x0.3x0.5
JHIE [A) 7K F PR B 0.3
N EdIE (A R 0.2
HIEFET () e 0.2
RN 2x2 5%5

2.1.2 {RBFRE

B RS ZR B, 2 R S R B A 4% A, IR BRI TR 4
S i R Cc) o=/ N e 1 I D1 i e T = R e SU QT B3 R I

(D HHEER e A,

(2) YHESHI N H Y

(3) AR BNIRES A Z 0 s

(4) 1E It [ Rl 5 AN 25 okt 28 i % R FE Bk R
2.1.3 RaniEHlFiE

WRAEBE MR, BUETHECR A R 2~ , s 2.

0(ou.
—( ] =0 (2-1)
o
N ESI )=
a{puy, o ou)| o
( J ) - Y ,u_l _ _p (2_2)
0X; ox | ox | ox,
INEN =
olpcuT
M = 0 K, a (2-3a)
oX; ox; | ox,
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[ s i 55 A

OX OX

E{Kﬂ}=o (2-3b)
j i
ot po w Fcp TR FE . S FIREFERTEL R, ke A ks AIRARFN FE AR SR K, u Al
p RN AT B I AE 7.
AN EAARRE BB, VA ENRAR K . BT BT S E R 2-3 B
% 2.3 WA BANEOAXIE SN

Table2-3 Flow heat transfer parameters of fluids

) F AR 7K BB KEIBh 1% E 7K B B # KEFREAEH
W/(m- K) kg/m? N-s/m? J/(kg- K) W/(m- K)
390 998.2 1.01x10° 4.187x103 0.6

2.1.4 AN IEFI 2

R R REUR AR IRTE, A R R IR AT, Xk IS A ) 0 A i B8 A 2 44
R, SEERIUAE T IR ARSI Sy o FE=GEELA RS R, PR 5 RN g [A]
AR TR

o, E

£ — & = = - K(U +0,), 7y = T b (2-4a)
E E 2(1+v) ™
o v E

(";'y —& = Ey E (U + o, ) 7yz m Tyz (2'4b)
O

gz_goz_z_z(o-x-l_a)’yzx = sz (2'4C)
E E y 2(1+v)

Hp o AN T), e RANAR, E N IREE, v 2.
XF [ AR A B FARIAE 0, KRR RN
g=0a( -T))=a-AT (2-5)
AT NIRJERIZRE, o AMEHIZMEZIK 28 T SRR =4E450), H8AT7
N AR R, AN =R 7).
X FAFAELIR IS5, NARRE P2 A Ry, T P = A B AR g s 51 i UK
A HAPENAR o BT DA FRAB LT, S B N AR g R N AR v AR 2 A, B

{e} = {e}, +{e}, (2-6)

AR A I A 5 5k B 77 1R Ok 2R K
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fo} = [0] e}, e
2 GERE R AR AR N AR L [RIAEAE I, 25 A BE T AR
(o} = [D]e} - ¢}, = [] (8] o} - fe}) X

S [D]RIPERTFE, [B] R FIAESERE.
et Ak, (F) = [[[[B] (o) ddy . m:
P = [[[e] [o] ([B] o} - {E}t) drclydz

= [l B]T [D] [B]{a} ooz - [[[[e] [O][B]{e), vz @)
= [k {a)" - [[[[B] [D]AT - adxdydz

HAC BRI -
[k {af” = {F} + R}, (2-10)
Kok, (R iR, [k aoeRiEsre, (RY = [[[B] [D]AT - adxdy

s R T BTG i P AR T 45 280%™ A R 1Y R A8 R

R i A B0 DRI B AR A T S5 2807 A BT g B n BRI R AR 5 ) i P
BArAERE, R

(R: = S (R) 1)

MBI ORI TR, [K]{a) = [R] , ATsRABHRIAS g}, 45445 {q) AP
K )y R TSR H 4457 1)

TN ST AT RHE M 2 H R 2-4 R .
R 2-4 MHEHTHHESH

Table2-4  Structure parameters of materials

BRI E/Pa THAA B AR R2EU(CO)!

L.1x10" 0.35 1.7x10%®
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2.1.5 R EMH
RTINS 4 e i AL -
Uu=u-=01~2m/sT =T = 293. 15K (2-12)
H A A R e R )
p=p, =0Pa (2-13)

I R SRR T 35 &) B %

-4, 2: = q,= 250 ~ 550W / cm? (2-14)
y

Tl R S IR RS, S AR

oT; T,
T =T .k 2-15
f s’ O f 8 S 8” ( )
FUBABETH 9 2 Bl Tk AT
2. o (2-16)
oy

216 HR5ITL

X R A DX A A L AU 2 P PR AR T, e e T P EH IR R A X b, B X
53 Rl 55 0 ST D T AT A e FAE Rk B B AR Y, ERTIG  ZBUBE ] B XS B R A DX A
W 53 o S HUIS R ORI A 5 R o AT AS AL v (5% EAE A N 9 B bR, o L P 2-
2 fin. P 2-3 1 2-4 45 T NTUHEER Invs (26AF R, I B s AR % B D 250W/en?
A1 550W/en? . [HIFR A 2>Rem? [REAL Kook R 35 5] RS AL IR 20 A, 7T DL HE G #
W2 U N LR AR DX ISR A o E RIS S AT RO AR el P B A
VT PR, BEARIRERATERN, TR A o TR SRR rh 5 s i i v )
XSRS, 5 LA e T P R P P S M R B S R B B, AN R X
R 2 o3 A, AR HE—2B 3G KT PRI R FE AR o B 2-5 45 T N Dy 1ls 11 2%
TR, R R A X I B KR 25 o T LA H oo sk pli B TR S U, 22 W 3 v T R 3850 4
AR B I # R IR 2 BE G OR, o A R i R B35 B, OF Hd HGR
TSRS 51 3 A AR 1) d KR 22 2 IR ) 22 S RDRE I O, AN BT 45 SR T BA
AR T RIS IRE A, G BRI, IR HGER R T AR
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it L X 35

B 2-2 Bt IR ARG R X
Fig2-2 Object region for temperature distribution

REIK
335

330
325
320
315

310

(a) I H AR (b) # Y S AR
(a) Hotspot model (b) Uniform heat flux model

B 2-3 1T # A RRBEEA 250W/em?. i RGEER 2>2 cm? BB E A

Fig2-3 Temperature distribution under heat flux is 250W/cm?, area is 2>2 cm? of hotspot

REIK
380
370
360
350
340
330
320

(a) i RARE (b) # IS AR
(a) Hotspot model (b) Uniform heat flux model

B 2-4 i H S R BN 550W/ecm?2. i BORERR 2>2 cm? [ IR A AR

Fig2-4 Temperature distribution under heat flux is 550W/cm?, area is 2>2 cm? of hotspot
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70

I 22 A AR 59.11
60 | 2w 2t A X 8,
I 553 #4 5 TR 48.37

e P

40t

30

IR ZE/K

20

10 - 6!

250 350 450 550
B (Wiem?)

K 2-5 dHERERNEEZE

Fig2-5 The maximum temperature difference of different models

P T A 5 B R P RN A KR 2 S5 1R, DRI 75 4 ) B 45 R R U AR 4L
e, RARAHRIBNERRILAL. ISR B e LT

hD
= 2-17
Nu ih ( )
Hrb Dp oK DERE, h NSTREHARE, HE AR T
4A
D, = & (2-18)
= % 2-19
= AT, -T) (19)

Hrf Ay BANEE AR, POVEIEIRA, qw AREE, An EAERL, Tw Ml Tr yEE
AL AA 1 240

K 2-6 25t AR LR, G R 2> B 155 38R B 5 R v B AR 1L
k. wUKBLREE AR BRI R, 5 3R B BUMIE BE R, I HLAE R v Bk 1t
T, BIURBERYEIE N BRI A B SRS 3R BN A& S, #
T B R R /Mg R AR T 53R 8. (Ha TRk ERZRTE, RAREHK,
PRI S BRI

—=— q=250W/cm’
1h —e— =350W/cm’
—a— =450W/cm?
—v— q=550W/cm’

0 100 200 300 400 500 600 700 800
Re

Bl 2-6 R A H K T SRR BEIZR

Fig2-6 Variation of Nusselt number under different heat flux
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B RO O TE DT O T SR PR

IEHTHTR 7387, P 2 BB B A PR, RT REXT RS AR RIS ) 77 Rt
ARSI o BT RN TR B RS R AR T D ] 8 24 B, R T T 4 87 A A ) At
K, TEZRHL AR B 2-7 f12-8 45 T NTEEE N Invs (R4 T, i # s
B E Ry 250W/cm? I 550W/en? . THIFR A 2>Qcm? FUAH 7Y Ko S 7 441 47 AR AR 784 ) T T 4 7
Aoy o G R I B R R O T TR A FA N AR A0 AT, KRR ST A0 AT AR, T
NG E BT, 5 KA ARTE W O BTE P IAB AN ffy bo TG I R R Y, A
AR FPLE TR TR 940 50T IR PR DX, 3 R A A T 2% X 4 P 40 7 A o 2 S 1K B o
AR PRI P RGO, T A R AR A o SR8 K
?‘?FQFE’E/;QO"‘mm mm*

6.5
6
5.5
5
4.5
4
3.5
3
2.5

2

(a) T RER (b) #F I 5 AR
(a) Hotspot model (b) Uniform heat flux model
B 2-7 3 R RIRE BN 250W/em?, SRR 2>2 cm? TR #S2R 5347
Fig2-7 Thermal strain distribution under heat flux is 250W/cm?, area is 2>2 cm? of hotspot

#&Fjﬁlﬁg'%m mm?

11

10

)

8

7

6

5

4

3
(a) iR ERY (b) IS AR
(a) Hotspot model (b) Uniform heat flux model

B 2-8 i A E R BN 550W/em?2, iERGEEIR 22 om? KITRE A3 A6
Fig2-8 Thermal strain distribution under heat flux is 550W/cm?, area is 2>2 cm? of hotspot
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AR TR AR LR ) i, X6 RIS 50 (R A T AL B T T ) A A T A A AR A
Ko FEIDLTH “BER” 5 o BERHZAC RN AR AT S e b TR TR AN % A X
R, PR A — A S AE A B bR, Wil 2-9 FraR. Bl 2-10 45 T SURTEA AR Hi
LA TR A S . 45 R BRI AR BEAR T IZ AN T), (BRI
B o —ANTTRERT IR R AR S o A AR A, R XSO BN T, B T )
AT A, R AR IR T T B AR A, R B DA R 1
FEOR - THU T (e 1] X3, BB ARRFRNL T R B BRI R mx “BE R AR 77 1
BEARARRE, izt /N T ot T THTAR A AN ARG K o B84 b 7B A R TR AN AE M ]

PR T AR .

& 2-9 # RS 5E B bn

Fig2-9 Research objectives of thermal stress

35 35
0l —— 22T 20k —— 22 T
—o— 2x 2% RS ST AL —e— 220 R A TR
& sl s BT <25l —a SEH T
2 v SRS < v SR S
Saof Saof
E =
® zl
K15 #1151
- K%:, j&
10} 10}
L 51
° L G . _ R e ° .
1 1 1 1 L L 1 1 0 1 1 1 1 1 1 1 1
%0 100 200 300400 500 600 700 800 0 100 200 300 400 500 600 700 800
Re Re
(a) IR & B q=250W/cm? (b) #IRHE B q=350W/cm?
(a) Heat flux g=250W/cm? (b) Heat flux g=350W/cm?
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35 35
ol —— 2B TR - —— 2B
j —o— 2x 2% R S TR | —o— 2x 2% i ) R
<25 L —a— 5x5H T TR 25 L \ —a— 5x5 R T
% | —v— 5x55% M5 ST IR s | —v— 55T R4 )RR
N =
R20 220}
2| =
Fig 25l
K #
=S¥ X
10 ¥ 10
5 ' Sr N
0 | P T N R T SR B | 0 — L L L L S
0 100 200 300 400 500 600 700 800 0 100 200 300_ 400 500 600 700 800
Re Re
(c) #IRFEE q=450W/cm? (d) I E g=550W/cm?
(c) Heat flux g=450W/cm? (d) Heat flux g=550W/cm?

Bl 2-10 AR AR EE T S AR i 2R
Fig2-10 Variations of the highest temperature under different heat flux on hotspots

25 AR IR A AN T T 73 B A R, S R — Dy T R R X IR 23 AT
e e i EE R R A X A 5 40 2 1K, 5 — T/ T RIS 3 K17 T D ) e K A I A8 M A
ARKRIE, FPREARPEREF L T AMZ I SRR 7 oot e B, 5 BT R ot
REITTIE, RENs R LI R IR, PR AR S BRI

2.2 BFHERRAREIR

=

WRIEATHEIE A R, B O DRI, 280 723 e i e AL .

I BEE M TRORIK R, BTSN HE SR KBNS AR, X s 33
BORERAE L, XF R A PVE IR H 1 S B 2K o DRI T 4 e O 7, AN
REJ) BR T T B T AT A B, IE TR E A G et I T B ROR .

ST 2%, SRR (Integrate Circuit, 1C) & H i FEati A 4R/ 571, & J 4k
AT EAE . B A EARETIRER . TERNGRAE IC M E o R
ARG L, ERAHM AR T RS RGNS, OB B il i
PeHORSLI S AT FE, R R AN T IC R SR ER, &2 H IRl
U A5 N X ) N O DR 40 R S 2R S = S0 S K G At I S P D 7 1 R e
R # R DLACEENLI) N AR A AT S22 H

FEB BRI R LR T, AAEVZ N IEIT TN, REAREERZETT
=

(1) BEA T DR MIRTT G S Ak, ZORE R BRI 19 110 % H ;

(2) 5] E ZERBOR BN S Zeim] R, HS ™4 “AiTsER” R
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(3) mEHI & ARG E, HICE AN, BT IorE S 4 6

ol Sl b R T NS S i B SR e 2 S s N ERE R VA E = S T
72 B R BRI RS 1) 25 (Ball Grid Array, BGA) 123t F 35 % (Multi-Chip Module, MCM) .
2.2.1 BGA H#EHA

B 2-11 45 H T 2 A BGA B AL 1R = [ BT BGA B 2EHAR P8 1 3 2 I
S| IS A FEER I HE S ks TR, 1O 37 DAS TR mREIR A i 42 B 51 1 290 A 7 1 2
N, A R R T M B R AR . BGA B R AR S 1 DU 7 T 3 s ) S Tk
B SO o = el T e R o Gy 7 =< 1 ) o e 2 i R S e A2 N Bt o [
oI, X e 5| BRI PTSEPERCAR,  RIAEZE A F i IO FREE N 51 AR B UK, i pidt
PRI I AL HEANEATIE 75 BRI R AT A B ), 5 AR A R 242 B35 BTt
BGA 3Ll & N T A i & i) R T S 1 o

Side
Underside of BGA View
snsspesassncacsasansn ]
GASAsmSsBsabasdnaBss
symssmonssdemenmAnan Bt
BAASASIANARSASADIRSA asaa
TS acas ahes
anma sasa nans
sase amss nann
Sees H Song
asas saas ::::
soma
MDEBGA B A XL .
:::: SMO=BGA Ball Grid aRas RS
esaas sesa AAAAARRRNARAS
aasa asas LRI Y
ssaw sasa AANARRNNRRRNN.
snmssssassncasssanaa LI
ssssamasmsasassnsnna
mdtcsmasCansAsamALaS
ssasacsenancasaBInY ||
(a) BGA %51 B (b) SzFx B AH 1 BGA
(a) Structure model of BGA (b) BGA in practical applicaiton

Bl 2-11 BGA AR A
Fig2-11 Structure of BGA model

DU 75 it PR B U A SR M BT 0, BSR4 WL, G 3
BURRIT I ELA T 4RGLHT 75 R 5 BUR AN HIELZ R, BGA i B
T, ARIEMEBRAA A AR RTTR, 0 B B T BP0 Tt JE51 BOA %36 A
HUTF O

(1) B BOA B & TR EL A 4 245 BRI AN, #8507
BEMIANSI I OTRE, [T L GRER R B

(2) FFIN S AR . BGA BPHEAEM BE MM INNAN, IR PCB I
A ST SAREST, RTEPR IR (1

(3) fBLI0HL THFE. BOA BPUAEUSINS b5 BRI 2 1AL B £, SRRTREARIN
St WAORBENE TR
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BT BGA H3mks e, HAHALSIA TR A R BR, REEIEM T MCM 3
3, RoEtEA TSR ERTE, IRl E . AR R
2.2.2 MCM $ A

MCM JFR7E — N E BT A EFHABNA LA B, @S BARER:, S E Rk
AR RGN RN MCM WEZEERA: AR RENE R M 5 HE
/O B, i) MM UL BRI 55 5 . MCM 2 —Fh B B R, #)i2
SLFHTERTS R . BRI AR 255 4

X T e 2 R MCM, - DA 25035 12 LR bR vt

(1) MCM H138 Fr (TR RS ZBUR /)N, DA IME S ARSI AE IR o 1% R HE AR 177 46
BT RE S8 S0 M5 5 R, IF AT LR TR0 AL 5 AR A7 1) 5 i A g LA S B im e BEL

(2) MCM AR A ot el 5 P 76 S FRVUL Rl P, S B B (A A 0 AV 2

(3) MCM ZUN N —H RG-S 110 HiETT =,

(4) MCM AR R B/ . To it B sl ROg iRy adt, Ak i
— 7 ARG

FOAFHLE T B gt B (5 AR EL, MCM BoR Beae 3 Nt 3 2R o /Nl T B LA
e H R RE U e A R B R (Y BB SR T S PR B AR

2.3 KRB I

ARTE S T AFE R R T BB IE AT, Sl R S RO BRI T
T AR R L AR RN B T FATA R e S BN TR PRI o 45 SRR I R R e
TIRERIANAZ (F1) B Ay, WENR T BRI IR, SRR A 7 A
AlFEN, JF BIXPEAE 3 Bl 5 o T A B BRI MG K. B 5 X 2% I 1) BGA
FMCM EEARBEAT T /41, Hod ¥ MCM 5 BGA HiAR 456 A B8 I (1A% e A0 vT 58 44
N THT A R 3 T B 5 T HRS A
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F=F TSHRRBSSHEEERES T

R L —F N4 BGA 5 MCM H R K% £, % MCM 5 BGA RS &,
A B e AR BT S AR OB AN S AR PERE, DRI MCM-BGA 3 B Z it &%
0] Bz TG £ MCM-BGA EALHATIIAHSCHT 5T, (BT EAEAD ) — 4, BRIR
PR, I HIEAE R MR sl 74 LR AN T TR o AR S E ARl B ar s
Fr Gl 35100 A 3-S5 ROBIE YT MCM-BGA 7Y, o #ik Rt K IE AR,
R R E T, AEWIA IR A 5N A, FHELE S I SR et e . SR
BEE A H VB BRI A6, S AN R 3 AR e s e T B 45 AT R G AT . JRAE L
SERt b, AT IR B AT, X RARIAR RIS 7 I A ATIEAT TR TT, VA A B

3.1 MCM-BGA & #!

3.1.1 YIERE

454 MCM 5 BGA EHEEH AR A, 7T MCM-BGA 52!, HEARE KA 3-
1 FR. BRI SR 28R, PCB. Ul AT, MdnEmam. Hhipr
O R L 358 HIHES 7 I ) oy A A R R X 8k, 4] 3-1(b) Ao 308 F JE I AR BR 5 S AR AH

e, AN R LR ER DA 4> S5 53 HEBI 1) 7 oA o FEHERR I 55— T, Bapod@id 12>12
B SIS IR ER S T PCB e, ~F BLAWUEIE R ITAT B 7R B Bk 1 e T . 7E A
VUR A BHGRRTE, DASRAL BB AR (e PR RE . RS i SRR TR A, B — 2
HA AR, GRS BORAER, #h R TR -5 BARARE . 4 T8 PCB 3R I iRL%
JRATREYSE], /£ PCB AR —ZM)E . 55— MR A E 4 A& od 18
AN, ASCEESLH MCM-BGA AL, B T s 8 A B AR AL, i e I 5 BT ik
Py e D60 X3 P TR AT B A o 60 2 AR B R B S P AR BRI, A 1 B8 A 3 4 A
MIVEFT . BRI LT R ~F 2 80n ke 3-1, BUBE RIS S EInE 3-2 FiR.

Ttk SR OBERG
AN

AR

(a) BH 7 M AHE B

(a) Vertical cross section
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3.5mmt Yy

(b) & F K -P B A (c) %4k 3D WA
(b) Chips horizontal cross section (c) Total 3D view

B 3-1 MCM-BGA #EREE
Fig3-1 Structure of MCM-BGA model

& 3-1 MCM-BGA & 1.7 R~f
Table3-1 Geometry sizes of MCM-BGA

AL JR~F/mm
Ty 2x2xo 35 3x3 1o A
O RER BHA£:03 5:0.2 FUOAEE: 0.5 4x4 B5 044
R 12x12x1
FEMRRBR FA%:0.6 fF5: 0.4 FLfalfE:1.S  12x12 WA Ah
PCB 20x20%1.2
IR 12x12 E#43: 0.3, FEk5r:0.7
A A B} J£:0.15
PCB Ji [ 2 J£:0.15

® 32 MOBERTIKUTRS

Table 3-2 Geometry sizes of Microchannel heat sink

BAL R~F/mm
iR RS 12x12x1
JEIE R~ 12x0.3x0.6
BB (R R 0.2
JH 3 A BE S 0.3
0 B JEE 0.15

3.1.2 EXREE

AR BRI PG FE y:  PE AR I GE, — U7 T ER IR 4 FL AR T it A B i i it
BN, S — 7 T4 B AR A% S, S o8 38 Py iRt A 2 B T SRR AL
I H A Sk e R A TG, ORI fEASUE EEAAERHE AT T, %
JE BT R RCR K S bR B T ST R A Is AT I R A, SR R Rk
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D AR RS o X TR SR br B, EEH AR E RS T R 5 R
e, U EUE TR R s ol B e .

2) WA NRAHR . X TR, FERBIAIRIREUR AR SR T, Baxttae
MeP= A AR, DN B 0 B IR ST S N S AR 2 A

3) MRS H I N HEIVE o XA TR e B B RE R T R R M 2 A X A
/Ny AR (AR ST R AR K I AR ) T R AR T B, T M RIS A
otk

4) 2 3 T HPRERE 2 o AR S0 32 BT 0 daf BEA Y p I Bl 4 T S RN T PE REREAT BT 9T
AN AR TSN R P RE A RE o BB RS = KB ), SR TR B2 (5 i 1R /)
AJ DL o

5) fEym[E B Faksk, RIS, W LBkER.
3.1.3 MENRMATTIE

% MCM-BGA H7 N (I sh#e G AT = EBUB AT 5T, WF 9T 50 9l 5 i AN IX
S TR U RS N 2K RS, m KT 7 A e, k)i aRid i
AT BTSN IR SR S 5 R . A5 A Wi P g BB AT sl oy S AR AL
JRUL, A BIH AR TR S EY 2.1.3 ISR Q2-1)E Q-3) M A TR [
PRI AT RN G R Bk 3-3, SR #R A SR I 2 B3R 3-4 P .
* 3-3 B EIHRAK

Table3-3 Materials and thermal conductivity of solids

H AL 4k FHEAH W/ m- K)
iy fik 82
O REER 5Sn/95Pb 36
HEtR W% 0.2
FERIREBR 60Sn/40Pb 50
PCB FR4 8.37
#Ih R i 390
P SR 1.2
PCB JK[H # 2 ] 390
T AT i 390

£ 3-4 WAARS)BARIESH
Table3-4 Materials and flow heat transfer parameters of fluids

BHA R B F kg/m® 3 /1% B N-s/m? H# Ji(kg: K) SR EREH Wm-: K
K 998.2 1.01x10° 4.187x103 0.6
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3.1.4 AN TSI TE

KT MCM-BGA #8, H T2 AN (AATE, Bk B Em R v, TR S 244
PRI AR Z DRI T30 0 IR v AN R = BRAE ARE T FA TR 40, T R AR F) FARE 7
PEREZM T, AR S Bt REVPAN I B 228 70 o B0 AN IR AR U DA S sh AR AT R
S R, R A b R S B 2.0.4 MEIE . BRI B A R
ZH K 3-5 fimm.

of

R 35 MBEHMTHESH

Table3-5 Structure parameters of materials

IEs B [REL & /Pa THAA B UKk 20 (°C)!
T 1.7x10" 0.28 2.6x10°
5Sn/95Pb 2.6x10'° 0.4 1.9x10°
R fix 3.2x10° 0.35 7.0x10°
60Sn/40Pb 1.0x10'° 0.4 2.1x10°
FR4 2.2x10'° 0.15 1.8x10°
4l 1.1x10" 0.35 1.7x10°
S5 3.1x10° 0.4 6.5x10°

3.1.5 R EHE

FEHL T, BRI 25 H 8 RGO URIE TARREE, flan iR (v 20
IR RIS & SERRs T O, BOEM N AL F AT .
(1) Fsh#AitE
TUGETE N A% E N FRE . AR
U=u, =0.1~2m/sT =T =293 15K (3-1)
RIS XN FUONSE N RS, AR :
u= =Im/s T = = 293. 15K (3-2)
TOHEE H F o g E D )
p=p,, =0Pa (3-3)
e izl X % g T R
p=p,, = 0Pa (3-4)
O RFONTEETIR, BIIRN:
Q = 90W (3-5)

LR & TR BEES:, HE TS
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o, oT

T, =T,k an = Kk Gr: (3-6)

PCB T JZ AL A Rom 0, HREREAR 3-1 hah -
-n-q = dQV,., (3-7)
g, = —dkV.T (3-8)

HARAMRIE N ST AR, HRRR RS0
h =10W / (m* - K) (3-9)

(2) FARLTJH5

SHARAE (RF7) B, BB — AU AR, 5 8 S 1 4% K 5L b
BATHE UL, K PCB I B A [ 52 L1 3
3.1.6 FRMIARE

EARAETHE TP 2N T R RRE S R0, (2 Ry 4k T FR 3 TR B2 IR 2
SRR EEE, P He R RE P AR RN . FEARSCHIBI A, I R T o TE T
(R b T 2 AL S AR I By, 2o BB R AR AR N B R, DRI AE TR
T b AN e 2%

Fe b R BE ) 7 FER R AR

Ny -y = -h(T, - T,) +rQ, (3-10a)
-, -q, = -h(T, - T,)+@-nQ, (3-10b)

Hoh A RE, TR N ARER:
h=h +h, (3-11)

N7 IS, % F Cooper-Mikic-Yovanovich SR HEAT S, MHEARWT:
0.95
h =125 @ e [iJ (3-12)
contact O-aSP HC

Kk

hy = ——— (3-13)

) =
Ygap + Mgap

2 = L + L (3-14)

kcontact (ku nu ) ’ nu (kd nd ) ) r‘ld
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Mg, = afA (3-15)
A = M (3-16)
2\/§7zD2 Pyap

B IABH T RO R A B Sk 3-6.
R 3-6 EfHMEITHESEH

Table3-6 Calculation parameters of thermal resistance

2 X} N AE
FIDRE P81, um) 1
F RS -3 B3 (m,) 0.4
AR (p, N/m) 20000
%ﬁﬁﬁiig (HC, MPa) 165
E\&k%%%ﬁ (kgap’ W/(mK)) 0.025
SRR, Pa) 1 atm
SAEPGETTSH(0) 1.7
SR ZE(B) 1.7

ZER IR

ST T R R RN BEE I A, X MCM-BGA RERLEATHE 148, 34T T A
JSLFA PR ASE P A%, I IR SIS FARI R AR B AN D T T 45 R AT b AR 3
4 ARG I E RS 1
3.2.1 MARIRIZEE #%

TEHTEEE RGAIMERE AT, T B AT AR B SE e 4% o AR SCop 00 55t 199 4% £ Ky
1,274,614, 2,407,986 5,715,282, 10,886,474, 20,964,588 [ FL A= MK AT 1 RUKE il S7 1k
%, EIIEROEE K O EZEE NS H bR, KA WA 3-2 s, AILLVE HbE
ERIRE N, EBEIAR G . 26 3-7 4 Y T ARAR I ZE AR (R AR X R 22, UAF X
Z2 0.5%1E N a BibniE . 2 TR I PR B 10,886,474 AT 20,964,588 I, i FE
(AR 22 73 B 28 0.49%7F1 0.37%. EAAPIRE 2N 20,964,588 I HA B8 4f 1) 15k
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B, MR KT BN ], B REBEEE T R B S R E RN R, &Ik
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Fig3-2 Grid Independency test

R 3-7 FHB PR FIARRRZE

Table3-7 Difference between consecutive grid

R % A8 X 2=
1,274,614 F1 2,407,986 1.54%
2,407,986 i1 5,715,282 0.89%
5,715,282 F1 10,886,474 0.49%
10,886,474 #1 20,964,588 0.37%
3.2.2 RohtRLER

M T AEAR SR SL A B AR AR o, A OURGEIE N BB 1R, T ELAE G R T B
T ) ) DX S (R 5 B, AR IR EL I et 3R T, X R P e 7 A i
PR LHb 75 2 15 S o] e ] X3S E Bl 17 DUREAT 70 #r o 18 3-8 45 HH 17 o T DX sk 1y 3 P2 /K P
B o AT LU 00 oA 22 5 WS, VIR AN ) [ X i sy, AR HE Ay
R J5 7 A7 AR T [X 35 o S0 88 ok ) ) DX 88k, AR AR AR HL o A AR o AN 5T
ForprFEi N O —HERS R, BTN THRBIISZN, AR ER A AR B s . 1R 15 M
HEE R, JRER IR R B R A, JCHOR AR 3 B s A AR BRI A X3, ) L
N 0. XFEENAALY), 2 SRERFER T PHARILIZES, BEEER, EkH
IR AN PE e A 2 5O, DAL 5 R R AR B (R IR 0 A HEAT S BT . AR
B 810 2 B U0 SR A R R U B 280 £ THAR RO I8 AN D 1.0mYs 26 1 1T 5
gk
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B 3-3 A IA) [X 3R A8 T i E 0 A7

Fig3-3 Velocity magnitude distribution of middle area cross section
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AFIIRE o F5 B H 0, X3 ol e DX TR E R 0 )l DX s O v - T T Sl
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Fig3-4 Corresponding x cross section of temperature distribution
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Fig3-5 Temperature distribution of different x cross section
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Fig3-6 Temperature variation of middle line on bottom surface of chips
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Fig3-7 Temperature distribution on horizontal cross section of chips solder balls
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Fig3-8 Temperature distribution on horizontal cross section of substrate solder balls
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Fig3-11 Comparison of thermal interface materials
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3.2.3 MM NER
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Fig3-12 Thermal strain distribution of different x cross section
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Fig3-13 Thermal strain distribution on horizontal cross section of chips solder balls
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Fig3-14 Thermal strain distribution on horizontal cross section of substrate solder balls
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Fig3-15 Thermal stress distribution of contact surface between chips and solder balls
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Fig3-16 Objective points for thermal stress research
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Fig3-18 Thermal stress variation of one line
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Table4-2 Corresponding parameters under best performance

A TR E B # =8 . R SEAIN

I AL E B ¥ I B A 7 P fm TR K TR 3408 )
/mm /mm /MPa
0.15 1.2 1.5 297.85 2.527
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Table4-3 Relative optimized parameters comparison

B iR /K FANE i oK /K N LA
JF AR 361.3 54.6 133.1
e Rt 356.8 50.2 122.5
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