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An Analysis for an Optimal
Heat Transfer Design of
High Frequency Flip-Chip Package

Student : Chao Tzu-Hao Advisor : Prof. Jenn-Der Lin

Abstract

In this study, the computational fluid dynamics approach is employed
to simulate and analyze the heat transfer for 11l - V group high frequency
(HEMT) electronic flip chip package. Considered packages include the
traditional type flip chip package, and the.co-axial flip chip package. In
order to obtain an optimal design for those two kinds of different forms
package, we examine the effects of various parameters.

The results show that at the microns scale the material is the most
important factor and significantly influence the heat dissipation. In
addition, circuits under the size of 8 microns thickness can dissipate heat
more effectively, while the effect at the temperature is limited by the
vias’s design because the number of vias is limited. For the co-axial flip

chip package, we cover a metal lid in the crystal and add a heat sink with

basis of 2500 1mx2500 tmx1500 xm. Analysis shows that the package has

the optimal heat transfer at the fin’s altitude, thickness and spacing of 500,

100 and 166 zm, respectively, associated with 5 m/s force convection in

the test entrance.
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24 fl- %Enrp’g AR PR ISERCEY PSR R A
AR - B R 7 AP e

AL Rl B SIS = e
L IR
(el -2 @2 ]

(L)gify = == 5L s fie A [10][11]

(YRR T AR (R Ry
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(e 1 RREL S o= ]) i 1-16 - -

(5) e FAST] £ e PSR R (Thermal Vias) V454355 1

(6) 7t BGA S=el[ |72 i (Thermal Balls) V#5125 7
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I (Heat SinK)fvRETHHEC AN b Gy

14



[9pg 1-17 ~ 1-18 ~ 1-19 574 ]
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SEEVERCE R R R RV R R R0 pIPE A
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ST (SRR R PRR R ILRLT T B«
P2 15 2 LR IV 1y i PR 7 2 1 S )
FEBESIRTI” IS (PRI 70 0 D SRR (ERL MO 9R ] B
LA 0 A | A o SREN R T RO IR -
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DS EREEE A, TSRS -
P R T B T E R

T

SRR 4TS 7y Input/Output BB | RIZEY PR 7 F

17
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FRR [ PRI 1C (ORI RE - BRI 0
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PSR N1V B SRR AR R W il g A (SIP) i
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[l (Co-Axial e b #raat - [ HIRERT Al L Sl
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2-1 Prpifgist

AP ikl > I'] TcePak [iTHd - SRR A 5
FIR] Fluent BT EE S aiedy, I e (IR T il 5 0o 16 8 5
[T SO R 2-1 7 o PUEIBLC Y 2-2 e o FR gl
FLF5 73 1 GaAs ~ AIN STaZAtR] » 0| Tﬁ%xmmmﬂeﬁﬁ:ﬁﬂ
SSORL W Bt R IR 1RO SA R IR ETEORT A TRRFET 2
IR YR AR R IV 2-1 52 2-2 Firt. o 2 {8 Rillvpy =
P TSR R (= T IR B RIS IR 5 [ [(minY = )
IO IR SR gy o EURERIAER=E 9 PR S i 5
IER) + VIR F o RS (Stagnation Pressure)== 9t jiliEl 4
i o T (maxY SRR RS I R RIS 1)

TR SRS R

2-2 HeEPri=
2-2-1 FRHHAER
VLR AT | TRERA ISR O TR
AR B AN S > SN PR R R B SR A
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Solve
A CFD Problem

Fluid B 4 Solid
Domain Domain
J \
Turbulence Flow Laminar Flow Energy
Turbulence Model Governing Equation

Equation

Fljuﬁ‘ﬁw E“’Lﬁuﬁ‘f N = Sk R SNV SRR T J\ff
i}r—gﬂ‘ﬁ ; iﬁ?&‘ﬁﬁiﬁﬁ(ﬂuid Domain) k[l it 4% (Solid Domain) -
(1) Fluid Domain

Rl PO SERL R i A e i R asE S g > [N T e

B ~ RIERC R R SR - R A R

AR AT %/t) +V .(pV)=0 (2-2-1)
POEITEA:  S()V () =V pe V(g e F (22:2)
BT %(ph) SV (phV) =V [k +k)VT]+S,  (2-2-3)

*l ng%%’ﬁ%ﬁl J4(Body Force) > p ?’rfﬁﬁ: Ex]y(Static Pressure) » 7 %«
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] 9= El (Stress Tensor) ; Fi* = P =4 ?zﬂ[(v\nvw)_%v.m] o

| ELETAP 9= (Unit Tensor) » F AJFIfi(Source Term) » S, AEWH 5 h &

P

il
PR R ﬂjﬁpuiﬁﬁu YR E SRR T AR I
p =constant » 2[4 E] (Source) =Y [’F‘Ej}[é]’ ) 853 B 15 {F (Boundary

Condition) - Fr[’sr:g[ S, Eh %" -

P ) PRI i e

R A V-(¥)=0 (2-2-4)

PR V(o) =V @ g (2-2-5)

ﬁ:g% A= V - (phvi) =V - (kVT) (2-2-6)
(2) Solid Domain

Ul P AR RS R B R S S T R T
-~ TR B EGE S

fe A 0=V-(kVT) (2-2-7)
I 7 e EGE T A ]

2 2
CREWEEA: 0-a (L) (2-2-8)
X y

— e e Z A Y 55 £ Zero-Equation Model '~ Advanced

Turbulence Model = -
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2-2-2 & PRIV [ 55 HT
cePak ghif o i fu A 8T | W BRI T A LA g P I
R PR [T fiHRCE S 1T Reynolds number (Re) 2 L?E—‘FJ/
L Re 4_ y[ﬂ :
Re=pvL /1 (inertial/viscous) (2-2-9)
FAZEN Prandtl number (Pr) 5 J 77 4 ==yE I/E}%k » PrES& g
Pr = MC /K (viscous/thermal diffusion) (2-2-10)
A PN (R R A A S s SR AR AR e 1
G T L o R Rt 2 e i S | U ES S it cEa R
2-2-3 BWRpUEEE
RS 4pa  E R RED 2D s PR R R B 15
efitE RS P (2-2-8)= (2-2-6) S T ST I A -

B B T AR

K, or, OT,

ARV AT AT Th

oT, oT, 0T, 0O°T,
piCp¢| Uy — ox TV —— oy = o2 + oy’ (2-2-12)

Dfp 2-3 F o i [ A R B T

it f&-[F’J‘ZE{%J'@FﬂJ%E;C :
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=K, — (2-2-13)
IR BIE  FRLMEARE L R R [k R S T
0T e 2 R R B R GR35 R AR I 2 04D

00, oo,
ksZ
oY oY

Ky +q (2-2-14)

(e o 7 BRI T Ty > H g I ES )
S R BT TR PVRE T R RIS PR R 4
2-2-4 EARHFVEE

IcePak gEr%/:?;‘@ﬁﬁ}j‘(Radiation)E!fJ;,Z‘-JrEIT FLERH ] surface-to-surface
model > ﬁ:ﬁw,a;ﬁpfj @iﬁfﬂ;}@%?[ﬁ@ﬁ@‘ﬁﬁ&@;ﬁ@\ IS & 4 ;{gjgﬁg

?JJ?F‘B%I}IFIJFZEE%% A S
Qoutk = €xOTx + Pclink (2-2-15)

H 16 R TR T o AW Dink %iﬁﬁ“ﬂ“”ﬁJ ;
SFESTRPORER [T R R RIS P

AP (view factor) Fy o ™0k 1

1 CoS 6, cos .
]

o L5, dA A, (2-2-16)

S A P R | R ORI ) O AT S
B L 0PRSS AT A LA R R L o

IS 0 o 2 deb i RECEI @F:ﬁrﬁ,, £

23



Ainy = ZA Qou  F 2217
;Hﬁﬁ%‘mﬁr'ﬁu{
fi%g'fﬁgipfgﬁ&jFlET(Thermal Budget)— H&LFALL - FF[:[IHI % f/—\l%!r
(Junction)firist BN ~ F Uik = HIEBURAN < 55 = W R
ﬁ'] rﬁﬁ I'] Rja(Junction-to-ambient thermal resistance) - Rj,(Junction-to-board
thermal resistance) ~ Rjc(Junction-to-case thermal resistance) <« £ 25l > 9

[l 2-4 s o DAL ARG (WA R R AR

1S SERC T
I = P—d > (2-3-1)
R - Fjd - (2-3-2)
R - S — (2-3-3)
EF

Py ELf AR

Tyt il RIS
T, HIFIFs et poiE g

T,: =" (Moldcompound)fi*iEl
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JE ﬁ'l Eﬁ@ﬂlﬁk
3-1 HripieiihAe
L B BRI 7 Teepak S s ER HRRTY 550 2 1) |

B = R T RERY SRR

_ﬁll

%Wﬁﬁ( Teepak ffli = #A5 B ?ﬁfoﬁ [ 3£ %] hexahedra,
tetrahedral = JfL F’—‘Iﬁi;h‘ .
(A ﬁ?ﬁ’gf::l‘j J ﬁ%ﬁvﬂ?‘%ﬁ; ELFR | hexa unstructured )
3. F%i[—_ﬁﬂ all E'JPJ?‘}BB’?@ s [1Y material property database '} Fzgil__ﬁﬂ
ESCAE
4. BEPIRIRIN T Tcepak HEH T PR g
o P EEE AR o
° %%E:?%’T‘Ffﬁﬁ o
o Fifil. FUARIIH A SR L -
o [ii' Rl | B fliagt -
o [iil, RFRIEH [ H g -
o [T IR AR A A -
o L R EN VRS W R -
o T F VRS IR it . SR GRS ke 5 RNG kee

i

'L

turbulence model):% =
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o 1 EE AL o

3-2 il

TeePal i FERIIp 3-1 77 s 25 P e
VPP 53 Frofe™ > SR S AR BERS PR A STERL - 4
El’??EEIUFﬁ%‘TT A4V (Discretization Equations) > R | Patankar[25]
. SIMPLE SIMPLE(Semi-Implicit Method for Pressure-Linked
Equation){e 1 I [f (B i =i g 5 - ﬂ?‘tf'ﬁ U PO

—

BRI

3-2-1 EEAr
B S S A BRI A iR LA G B 7
e BEF LA RLE AR S ARSI (ST I e T
R0 A R 1] > S5 EROPEHIERAR VR pU B e g
=

§p¢5\7-dAz§F¢V¢-dA+IS¢dV (3_2_1)
\"

g A AR B fiE - ASATHIE - TS
rb > Vo FppuRIE o S, AR -

FG2- DR ™ [EI RN D — TR I < AR RerE =
(WP 3-2) > 1) R B FAERIERICHA 3-3 5 )=5 (3-2- )i B
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7y =

N faces N faces

Zf:pvf & 'Af = ZF¢(V¢)n.Af +S,V (3-2-2)

N o RASEIRVE G g, SFOBNE T IBEg 1 » o0, - A, A5 [T
AUTTEISEIED A R f YRR > (V) BRI f =T [l Vg PoT &l -

AP (3-2-2) 7 OB 6 (1 F1RE Jrﬁfff@%zﬁgm[m frfify 32|
upwind scheme [EfZd5 o

G2 VER LA B rin‘%!‘Hl T R g BT
FERIF A I o = BB F > (G-2-2)= VIR - dbbhLZ B - [N
B [ O R IR

a,p= % P + b (3-2-3)

EF1™ & nb jf‘ﬁﬁ@ﬂ}%ﬁﬁﬁ@?ﬁﬁ%ﬁ vagha, ol BT 9T g A [TV R

=

i

b £%3
3-2-2 SIMPLE Algorithm B ] /225 £
M) TS T2 RURLI T PO PSERR L S RLETE
E@w%ﬁhﬂmf FBTpAS »  EE T fOSER
- F AP I PR
2. ¥ PE{R T fiEl k—jw@ﬁlﬁl%pjlﬁi%%u* CYFEE G o
3. SRHPU P s uk s vIEE W T il LI AT o PP e A

SRS P SEIEERS (5Tw - v W
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f A s = i

4. J p=p*+p', &l Fli p* tfmpfﬁ[’Eﬁli(Estimated Pressure ) & p'?f'},
(ST (Pressure Correction ) » Fl 7 p* CHERNGI EUTE‘A? AN
[lfso s UV

P R ST AR U L VEEW o I B

- W e 4

P =P*+ P’ (3-2-4)
u=u*+u’ (3-2-5)
v =vi+ v’ (3-2-6)
w=w¥+w’ (3-2-7)

5. IR BT pg PO TR o 4
RTCMES ~ B8 ~ Ralh) > T W T PRy E > L Eai f
Yol iz |2 7 S A o

6. St Frc sy P ERSAIOSERAIT o 1 B ER 2 2] 4 e s
&8 - o
57 4 E#,‘H ULV F W W ELE fﬁ,iﬁ@ (Estimated Velocity)[|
u' . Ve W EJ[J?I 71 HIIELZ 131 (Velocity Correction) » [MIFE ¥
dXRE(3-2-3) WA xy,z [ Rl B

au.=>a,uw+(pr—pe)A+b

(3-2-8)
av, = ZanbV wt(Pr—pu)A +b (3-2-9)
aw. = a,Wu+(pr—pr)A+b (3-2-10)

FUHT A nb ok MBTAORSE P ERIH AR PORE
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HIIRES LNy TF‘, A E Tﬁ&#ﬁﬁﬂﬂ%%%ﬁlﬂigﬁ n =t HTHI

Foy 2z PR = N TR A PR ) 12,3,

FRAFWEEEAS b ELFFfi(source term) » a1 SHEIRNE

A (3-2-3)8 1 x Ty[fiik(3-2-8) i’ H

a(u—u:)=>a,(u,~Uw)+(p.—p-)Hp.—pc)A

[ﬁJfﬁ'

)= v, V) H(p. -

3(w—wi)=>a, (W, ~Wi)+( =P

Hi(3-2-5) ~ (3-2-6)22(3-2-7)
S SR

gu', = Zanbu'nb +[( p'P)_( p'E).
AV, = BV +(P)~(P)

pe)—(p,— P |A

aWw, = Zanbwnb + [( pvp)_( Py )

& SIMPLE i 1+ g 23

2R+ PRPSTT
b=U" +CL[( pvp)_( p'E )
Vo=Vt d”[( p'P)_( p'N )

w=w.+d|(p,)-(p. )

29

) {pe=p-)|A
A
A
A
), 2l 28w

(3-2-11)
(3-2-12)
(3-2-13)

(3-2-14)
(3-2-15)

(3-2-16)



FHASKI A R VA 24 o BB s

(2= IO () )y

+(ov): = (ov) Jazax+[(pw) - (ow) Jaxay =0

(3-2-17)

FOR s AV R 7 B2 (3-2-16) » BT HEES] T A

=U (Pressure-Correction Equation )
ap’=apc+apt+apy+aps+apr+aps+b
o

a: = p.d.AyAz

aw = pudhAYAZ

av = Pd.AZAX

as = p0d:AZAX

ar = pdAXAyY

aB:,OodbAXAy
dr=aAdcet+adw+adv+ads+ar+as

o= (PN 1),y

+ (o)~ (v yJazax+ [(ow )~ (ow )} axay
TSR A 2R > S ARRI T P TR
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AT Ry

(3-2-18)

(3-2-19)
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I | RRFORR = S F B EPH I P g
PRI 1S T R R ISR T
PR o~ AR S S DT SR (1R
B BRI TR ¢ A S b
i DRSS (SRS A0 AL I
F#bpﬁhhﬁﬁgﬁ(mmMMM$wmﬂ%ﬁH_ﬁ%ﬁ%@
5 PR U VW B
p*\u VR W g g b}H S
(efSE- - 1) SIMPLE IS 1 s kg

au. a \/nb a V\/ :
Z U o wpgs T ’bulg[xrr“:ﬁ; Iﬁz%{ﬁﬁ@ [Er-El >

s oisia P sV RRARR AT R R

il | Patankar}[j lFﬁ' R il R R IEE ﬁ%w’ﬁi (Semi-Implicit

Method for Pressure-Linked Equation » SIMPLE) o

3-2-3 =it

Pl oS AT SIMPLE SR FILY Iag=e [ pu2ve - i (&
FUES]I ST R 1D SERL M ERE e i 21 = RURLIN AT 1)
SRR 5 R ] A R PR LT RL )

[oH2f o FLRS = @132 > TcePak SPFTVEITRSA fifl R* )
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53

cells

ﬁuﬁ[ﬁ 77 E{fy[“ﬁjﬁdm ; I’EIEI J_P;cﬁ{aéﬂ?\l g > Ptz ST [RIEE > BT

Za.nb¢1b +b— apﬂ‘ (3-2-20)

nb

ICEPAK I'J ™™ 250 » ERfrw f [F

2

R¢ _cells

Zanb¢1b +b— apﬂ‘
Z‘apm (3-2-21)

cells

T FHE S PRI IR N o SRS R BV S R T o 5T W]

F%EF 10°=2 107 [26] -

33 At AR

DO B ST S AR T A S i T
T o PP BT ) AR T (=71 S Ty
153 12 TRl » B RAR L AT LSRR Bl SE
2 AR5 AR BB O R > R LT
S % ¢ (SRR AR O AR - P
(Truncation-Error)ﬁ“\‘ﬁiﬂbﬁ'ﬁ*W/ElfJ;’:fgf‘:ﬁ'y el ’AF{ EFSTN T E  J
T ARG < PO ARSI [ IR 1
?Fﬁﬁ‘[;} r’ﬁjflflﬁt EIRRE = ’Jféiflflﬁtﬁf}ﬁ%\'f » SRR ] oA
UL TR A O T -

3-3-1 ¥
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AEIRFR A R T T B s (1] - s el AR e 1S AR
TYFTRLRLAETHOUE » [P R F 1S S UL s
HORLFEEN T 0 5% (Thermal Sub-modeling) [ 1 e fH Fig 1
W ~ BGA 8ot ~ SUS SR ERER OS2 s o 20 deie
SRR N R v

Pt RLE | thermal Ohm’s law 3t 17 % B f 5 1 S92

SHET > HERETE S

sy Ko = K Z? + K Z? (3-3-1)
e (— £ cley —)‘1

i Tk 332

o

K, = BV E EEE

K, o7 1 g Ve ilsE

t, 371Vt VIR,
TAEE
T PUCE ) 2 FERPRIE S (P R = IORR R S b
K = 1
Xyz (tM j+ (1 _tM ) (3-3-3)
Ky, Kk,
Ky =Kty + K, (1-1y) (3-3-4)
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3-3-2 FHE = [m‘;’l_ﬁﬁ'r%i
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Fe 2-1 2955 Prae ol 2
e it 2! ﬁﬁjﬁii‘
Cabinet 13700x13000x18000
(um)
it R 600x500x100 GaAs
(um)
EUT’??E'A% 1600x2200x250 AIN, Al O,
(um)
AEULE R 2,48 Au
(um)
’:jiﬁ?@@ >0 Au, PbSn
(um)
PCB {5 5500x5500x350 AN
(um)
B RS 1.5~2.5(mls)
%ﬁﬂé‘mﬁﬁ 1=5(mfs) (FAEA T 1 R
* 2 FRBEFFR T
PR £ Thermal conductivity (W/ m .K) Density (g/cm® )
GaAs o4 5.23
AIN 170 3.26
Al,O, 27 3.65
PbSn 34 8.64
Au 313 19.28
Cu 387 8.93
Al 205 2.8
underfill 1.6 6.08
BCB 0.29 1.05
Thermal 2.5 1.9
greases
Pad 170 1.9
Mold Compound 0.8 1.9
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N B 5 A

Fe A1 G TR SR

si rg ;Joli\:ilon o) Ris (o%v) Rip (o%v)

Al , O, -PbSn-2mi(4balls)] 67.0973 1002.43 330.807
Al, O;-PbSn-2mi(6balls)]  63.9711 924.27 229.54

AIN-Au-2mi(6balls) 58.0677 776.6925 103.4425
AIN-Au-8mi(6balls) 57.3611 759.02 85.29
AIN-Au-8mi-4vias(6balls) 57.34 758.5 83.86

TRV it T A u%l

e 4-2 [ L TR

Si n(”)l ;Jolz\':ilon Tree (OC) R ja (o%v) Rib (O%v)

Al, O, -PbSn-2mi 63.278 906.95 212.97

AIN-PbSn-2mi 62.2554 881.385 187.19

AIN-Au-2mi 59.7806 819.5 125.66

AIN-Au-8mi 58.808 795.2 104.22

AIN-Au-8mi-4Vias 58.792 794.79 103.63
*< 4-3 @ﬂﬁﬂﬁ ﬁﬁrﬁﬁl/ﬁ | g’r{%ﬁ'

BV 78”3”5”; LS

0.04w o o o
simulation T ) Rja(%v) Rib(%v)
Without mold 57.34 758.8 83.86

compound

with mold 58.175 779.38 104.43

compound and air

with mold 57.372 759.3 84.0625
compound
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#*4-4 (ﬁjﬂ;ﬁl?\‘ Type.0 No enhancement

A B 5

Si n(': ;jjli\t,\ilon Tmean(oc) Ria (O%v) RJ'b (OC W)

No enhancement
58.79 794.79 103.63
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#4-5  [Hl§h=" Type.1 With heat spreader

A B 5

0.04w T (OC) o o
mean R'a C R.|[C
simulation : (A’) Jb( W)
No enhancement
58.79 794.79 103.63
With Al heat spreader
25micros 58.25 781.12 99.53
With Cu heat spreader
25micros 58.23 780.75 99.41
With Cu heat spreader
50micros 58.03 775.64 99.32

ﬁéf:%i.f,’spreaderi@??}, 75, 100/,sz3Jf ,ELRgh [~ 5~ BT i ,ﬁ%ﬁ’?} heat sinkE\ﬂﬁé
ﬁﬁﬁ*‘ﬁ%*ﬁ@fgdﬁﬁ °

N
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%*.4-6 [ﬁHIEI?C Type.2 With heat spreader and soft pad

64 2B S

Si r: .l?I:\\:ilon Tree (OC) Rja (o%v) Ris (OC w)

No enhancement

58.79 794.79 103.63
With 50micros Cu heat spreader 56.88 747.08 67.0
and 200 micros soft pad
With 50micros Cu heat spreader 56.82 745.52 65.38

and 300 micros soft pad

- fiysoft pad 75 400 m Ry R {EEREE E T KL AT PR
300 um pad
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[filfi=" Type.3 With metallic lid

W1 R T [

° o 5
sin:)ﬁ:\:\ilon Tmean( C) Rja( %v) ij( Cw)
No

enhancemen 58.79 794.79 103.63

With aluminum lid
56.77 744.15 59.02

With copper lid

56.66 741.41 56.17
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%*4-8 [ﬁHIEI?C Type.4 With mold compound
(varying percentage of converage,25%)

1647 2B S

0.04w

simulation T....(°c) Rja(°c w) ij(°c w)

No enhancement

58.79 794.79 103.63
With mold compound, the gap is
25micros, Mold compound covers 58.64 . 791.98 102.0
25% of the substrate
| e, |
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%*4-9 [ﬁHIEI?C Type.5 With mold compound

(varying gap in the mold compound)
BRI S

TEb A R

0.04w Toean (°C) R, (%) | Rul)
simulation oW PR/
No enhancement
58.79 794.79 103.63
With mold compound, the gap is 25 micros,
Mold compound covers the entire substrate 58.41 785.28 100.49
With mold compound, the gap is 50-micros,
Mold compound covers the entiré substraté 779.95 99.23

5819

oo gap GfiE 50 mi E AR K Type(B)H s
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#*.4-10 [ﬁJH;EI;U Type.6 With mold compound and Cu heat spreader

(varying gap between the die and the heat spreader)

647 2B S

0.04w
simulation Tmean(°c) Rja(ocw) ij(ocw)

No enhancement

58.79 794.79 103.63

With mold compound and 25 micros thick Cu heat
spreader, the gap is 50micrgs, Mold compound 57.95 773.91 92.45

covers the entire substrate

With mold compound and 50 mieros thick'Cu heat

spreader, the gap is 50micros,-Mold-compound 57.91 772.75 92.24

covers the entire substrate

ﬁ%ﬁ:A’gﬂlf’[‘spreaderi@!—% 75, looymﬁﬁ JEAg [T e ,ﬁ“,'sr}{ﬁ& heat sinkﬁﬁﬂéﬁj«j‘ﬁ%iﬁg%ﬁ
[~V Y

s — e
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g

e 4-11 y}(Heat sink) N 25 2

Y

fega JLR M E"F%H; ik ﬁ*ﬁ UL EEHI GBS
i
Heat Sink (micr0n§ ) (microns) (microns) (microns)
Design

With copper lid and
length 1500micros
100 thickness 5 1500x1500x150 500 100 250
counts aluminum

heat sink

With copper lid and
length 1500micros
100 thickness 10 1500x1500x150 500 100 55
counts aluminum

heat sink

With copper lid and
length 2500micros
100 thickness 5 2500x2500x150 500 100 500
counts aluminum

heat sink

With copper lid and
length 2500micros
100 thickness 10 2500x2500x150 500 100 166
counts aluminum

heat sink

With copper lid and
length 2500micros
100 thickness 15 2500x2500x150 500 100 71
counts aluminum

heat sink
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%*.4-12 [ﬁjﬂ;ﬁ@h‘ Type.7 With metallic and heat sink

TEbE R E

BRI S

0.04w
. . (@] (o] (o]
simulation Tmean( C) Ria(%v) ij( CW)
No enhancement
58.79 794.79 103.63
With copper lid and length 1500micros 100
thickness 5 counts aluminum heat sink 56.22 730.61 545
With copper lid and length 2500micros 100
thickness 5 counts aluminum heatssink 55.47 703.32 53.48
With copper lid and length 2500micros 100 55.06 701.57 53.24
thickness 10 counts aluminum heatsink
With copper lid and length 2500micros 100 55.04 684.51 53.26

thickness 15 counts aluminum heat sink

1|
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Fe 4-13 [ R E I S

2 Rja (Junction-air-resistance) %[|%-

Type Max. Junction-to-air
No. Description Thermal Resistance
(5
0 No enhancement 794.79
1(a) With Al heat spreader, 25microns 781.12
1(b) With Cu heat spreader, 25microns 780.75
1(c) With Cu heat spreader, 50microns 775.64
2(a) With 50microns Cu heat spreader 747.08
and 200 microns soft pad
2(b) With 50microns Cu heat spreader 745.52
and 300 microns soft pad
3(a) With aluminum lid 744.15
3(b) With copper-lid 741.41
4 With mold compound, the gap is 25microns, 791.98
Mold compound-covers25%-0f the substrate
5(a) With mold compound, the gap is 25microns, 785.28
Mold compound covers the entire substrate
5(b) With mold compound, the gap is 50microns, 779.95
Mold compound covers the entire substrate
6(a) With mold compound and 25microns thick Cu 773.91
heat spreader, the gap is 50microns,
Mold compound covers the entire substrate
6(b) With mold compound and 50microns thick Cu 772.75
heat spreader, the gap is 50microns,
Mold compound covers the entire substrate
7(a) With copper lid and length 1500microns 100 730.61
Thickness 5 counts aluminum heat sink
7(b) With copper lid and length 2500microns 100 703.32
Thickness 5 counts aluminum heat sink
7(c) With copper lid and length 2500microns 100 701.57

Thickness 10 counts aluminum heat sink
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?“ 4-14 (ﬁHIEI?C FI[JAJ_F]FEFEI#[%\—J‘%E

RN R Sk S

pi

V inlet (m/s) 0 1 2 3 4 5
1500-5-Junction

Temperature ( °C) 56.224 36.491 34.247 33.211 | 32.590 | 32.171
1500-10-Junction

Temperature (OC ) 56.249 36.594 34.402 33.389 | 32.773 | 32.348
2500-5-Junction

Temperature ( oC) 55.172 35.836 33.656 32.692 | 32.132 | 31.761
2500-10-Junction

Temperature ( °¢ ) 55.062 | 35.882 | 33.709 | 32.718 | 32.127 | 31.728
2500-15-Junction

Temperature ( oC) 55.042 35.931 33.817 32.821 | 32.267 | 31.865
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?“ 4-15 (ﬁHIEI?C FI[JAJ_F]FEFEI#[%\—J‘%E

& Il Rja (Junction-air-resistance ) 3 il 4

V inlet (m/s)

1500-5-Junction-air

Resistance

(%)

730.61

237.29

181.19

155.28

139.77

129.29

1500-10-Junction-air

Resistance

(%)

731.23

239.85

185.06

159.73

144.33

133.70

2500-5-Junction-air

Resistance

(%)

704.32

220.92

166.42

142.30

128.31

119.03

2500-10-Junction-air

Resistance

(%)

701.56

222.07

167.74

142.97

128.19

118.21

2500-15-Junction-air

Resistance

(%)

701.06

223.28

170.43

145.53

131.69

121.63
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% 4-16 ﬁlﬁﬁfﬁ?cﬁ,jﬁfﬁﬁ%:&%%m %

V% & Rja (Junction-air-resistance ) 7 r”ﬁJ E‘%"I?“

with mold compound

0.04w
Tmean (OC) R OC
simulation ‘a( AV)
Al203-PbSn-2mi(4balls) 67.0973 1002.43
AIN-Au-8mi-4vias(6balls) 58.175 779.38

3417 [y

1V ~Rja (Junction-air-resistance ) 7 r”ﬁJ E‘%"I?“

0.04w
Tmean (OC) T orce= (OC) R OC
simulation foree=® ’a( A’)
Al203-PbSn-2mi 63.278 906.95
AIN-Au-8mi-4Vias With copper lid 55.0625 31.7284 118.21

and length 2500micros 100
Thickness 10 counts aluminum heat sink
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: ! _ UTsop \
oMeIal ! >
MCT (TYPE 1) X
@ X Memory TAB
(TYPE 1) ! : ﬁ
. Memory p ! 3D
i ; a 1
] 1]

! TSSOP

I

I

|

!

I

I
1 1 !
| | |
| | ! | [ |
| i

X . X . .
FINE PITCH ( THIN E::> MODULES / SYSTEM

THROUGH HOLE | SURFACE MOUNT

TL/P/11824-1

il 1-11C 7 (PR B Ut it 3]

Ceramic Plastic
DIP :"> DIP

PLCC /SOIC
&> (1.27mm)

PQFP

Flip Chip Flip Chip Fllp Chip
(3.0mm) => (2.0mm) =

Plasic A PBGA =>PBGALNGE
p PGA (L.Smm) (1.27mm) §.00mm)
Cerannc

- > s ST o

| | .

1970 1975 1980 1985 1990 1995 2000

[fi' 1-2 1C 5 {F v 3 IV S i 3]
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Vibration
20%

Dust
6%

Temperature
55%

Humidity
19%

A 1-3 d[ﬂé e ﬁ[fﬁfgﬁ%%ﬁﬁ fol N3k [1]

He AT AR

7 e

[ 1-4 ICHEEERPHA e

(f¥Ei:Microelectronics Packaging Handbook)
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T,
’ \
i | P
Electronic Package | <. Chip
Hierarchy ATy e
s et N s
i i pe > First level package
Firat level package =) leve
: (Single chip Mﬂdu]e) (Multichip Module)
e
: A

Second level
package
{(PCB or Card)

Third level package

{Mother board)

ug;ll 1_5%9‘5%};@3 el o5 [4]

MCM ‘
Low Cost MCM
MCM-L . - Card Module
: MCM-C tHiat Doty Module on Package
—»| MCM D/C —»
MCM-D MCM D/L (PGA, QFP, etc)
MCM-F
CSP Module
SMT

Peripheral Package

-

el

LOC type CSP

A

Area Array

KGD
Flip Chip

Package

Enhanced BGA

:

™
Comsaip el G )
A

PTH

P | PGA

[ 1-6 AL o 3]
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Wire  Conductive Au Solder NVAu
Bond  Adhesive Overcoat Eump Bump

\WIT Soider/ YNE RPotymer Y Elastomer

N1 /] o [\ e \\ |

Solder
Pads On TAB
Substra Substrate Lead
ic/ J7 C
Conduct nderi
e P O oty L350
Solder Bump P Adhesive P p
Figure 1.25 Various flip chip technologies.
[f =7 Il fﬁﬁﬁi Uz [4]
026°%a°50"
255559
O O O O
| Substrate Pads

Flip Chip

[l 1-8 I FER=RIhipkE A A 14]

71



L0 M b (o TR 1

i 1-10 lﬁuamﬁ, fagg[ﬁéquaf

qéﬁl 1-11 @;ﬁ;\? FIIJ%FEFEIEIFEI#IHI :E“'FE
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ﬁ%‘[' 1-12 [flEH=
S T
I

=l

undexfill
chip
BB+

substrate

ﬁ%‘[' 1-13 [flgHI=
AL B
T A A T
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Radiation from PCR. Radiation from die - Convection from die
665%  Dbackside 0.5%  backside, 1.0%

Radiation from
substrate, 7.3%

Convection from
4 substrate, 3.4%

~ Convection from

PCRH, 21.3%
A 1-14 [ ISRSERA ™ FC-BGA fratklfivs] i [14]
ol ] M 4 Heat Spreadier
St Fad Y ¥

'—-—r-m-lllr-—v—'

Heat Spreader

Gingr Maldpampound

Mdetaltic Lid

[ 1-15 S PRI RS [19]
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{ underfil

substrate.

[f 1-16 RFMATE T TH4]

Frimary Beat Tramelor Parh

E5<28=-

[A1-175 1(Heat sink) - /(1)

Heat sink

Interface
material

Chip

[1-185 1(Heat sink) - i/ (2)
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[1-19 £ EVM‘ fl (ThFr al i'hterface Material)

.
L "
| " -]

/N

ég Convection + Radiation
/b_o_d_)u_uu\
7

L

Conduction

[l 1-20 FC-BGA £ i
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E}ﬁl 2-3 fi f&[H:E{:{Jﬁ;—T =0 q%,‘ll

Radiation Convection
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[Al 2-4 FC-BGA £ - Hip!

78



* Update properties.

Y

Solve momentum equaticns.

Y

Solve pressure-correction (continuity) equation.
Update pressure, face mass flow rate.

Y

Solve energy, turbulence, and other
scalar equations.

|

i 3-1 Feify b A T R[26)

A%

triangle quadrilateral

1
1
t
1
£ — -
-
s
-

tetrahedron hexahedron

pyramid prism/wedge

il 32 [P s
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VA

il 3-3 = A= FpfER[26]

1
'3
|
giiiiil
e
|

Maon-conformal Mesh
boundary

)
| GO il A

[l 3-4 Assembly 2 =55 s =
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& Source
70 o &  Die
4 — Substrate
+— PCB
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m HEEN
5.01%
o ? e 197 M R
ng - 1T% o =3 o ;_._IE_#
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2 2 1 1
E s
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= : = E
v w
50

T T T - T . : . i .
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Type.0 No enhancement Type.l  With heat spreader

Type.2 With heat spreader and soft pad Type.3  With metallic lid

Type.5 With mold compound
Type.4  With mold compound
(varying gap in the mold compound)
(varying percentage of converage,25%)

Type.6 With mold compound and Cu heat spreader Type.7  With metallic and heat sink

(varying gap between the die and the heat spreader)

it 4-21 [RISH AR AR A i
T IR poReEsEE l%?r
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720 4

Max. Junction-to-alr Thermal Resistance R, o
-~
3
1

O 1{aj (b} ¥ici2a)2(b)3a)3b] 4 Sia)HNbiE{alGibiT{a)TibiTich
Thermal Enhancement Type No.

' 4-22 [ iE'*“f’é’ 75? Fﬁ:ﬂﬁ%ﬂﬁ‘f FipT

N4 Rja (Junctlon air- re3|stance) 73 fif ﬁ%ﬁl%‘«

B To air by convection and radiation
1004 |71 To substrate by conduction

+ BS.X%
B05%

i B
a

&

10 H%

¥ k |
1 L
1.2% -
| | | |
0 Y T ——T Y T T T

1 Tiel pal | 3b) 5ik) Bib) el
Thermal Enhancement Type

[ 4-23 [ TR LA 0 5 B
BN R VY P

Percentage of Total Power Dissipation
from the Backside of the Die (%)

:
£
¥
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