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The need to accurately predict component junction temperatures on fully operational
printed circuit boards can lead to complex and time consuming simulations if component
details are to be adequately resolved. An analytical approach for characterizing elec-
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TF Lemczyk dimensional Fourier series solution which satisfies the conduction equation within each

layer of the package. The application of boundary conditions at the fluid-solid, package-
board and layer-layer interfaces provides a means for obtaining a unique analytical
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Introduction dual inline packages, fully encase the IC in a plastic mold, others
such as ceramic quad flat packs, have an internal cavity where the

The apcurate prediction of component junction t.emperaturesllkrj can be attached to either the lower or upper surface surround-
e_Iectrorjlc packages can Iegd to Comp'ex and “m‘? consumlf}% the cavity. Conventional analytical models based on Fourier
5|mulat|ons_. Although analytical tt_ec_hnlques can provn_de accurgiensform methods do not conform well to these complex geom-
and expedient so]utlon me.thods, |.t is generally percelved th.at t@ﬁies, found in most electronic packages.
complex geometries assouateq with microelectronic packaging dorpe purpose of this paper is to present a modeling procedure
not lend themselves to analytical procedures. Many researchgyat uses finite Fourier transform methods to simulate heat transfer
have used finite Fourier transform techniques to solve the heafmany of the package geometries used in present day microelec-
conduction problem in multilayer structures found in integrateglonic applications. While the analyses can be detailed, a general
circuits. The solution procedures are generally limited to two- arw/erview of the governing equations, boundary conditions, and
three-dimensional analyses in geometrically conforming laminatsslution procedures will be presented. A full solution, including
as shown in Fig. 1. Through the selective application of appropthe equation development and the approach used to code the so-
ate boundary conditions, the solution procedures for conformifigtion, is presented by Lemczyk et &6]. The basis of the solu-
laminated structures can be easily modified to include the noncdi@n is a general three-dimensional Fourier series solution which
forming structures found in many electronic packages. precisely satisfies the conduction equation within each layer of the

Gray[1] and Kokkas[2] present steady-state and transient sqtackage. The application of boundary conditions at fluid-solid,
lutions, based on Fourier and Laplace transform techniques, Rf¢ckage-board and layer-layer interfaces provides a means for ob-
determining temperatures in a three-dimensional multilayer sugining a unique analytical solution for complex IC packages.
strate. Lemczyk et a[3] use a Fourier series solution to solve the It Will be demonstrated by comparison to published experimen-

three-dimensional heat conduction problem in a multilayer printéqI data that an analytical approach can offer an accurate and time

circuit board. The analytical approach used in all of these proc fficient solution procedure for the thermal characterization of

dures is discussed in Carslaw and Ja¢derAlbers[5] introduces €lectronic packages.
a recursion technique for improving the solution efficiency of
Fourier transform methods in both rectangular and cylindrical
multilayered structures. While all of these solutions can predict
temperature or heat flux for any point in a three-dimensional field
they are restricted to simple, rectangular laminates which do not A
resemble the more complex geometries found in any of the pack-

age geometries shown in Fig. 2.

Since the primary role of an electronic package is to provide
protection to the sensitive components on the surface of the inte-
grated circuit, the IC is generally fully encapsulated within a plas-
tic or ceramic structure. The IC or die is bonded to a leadframe,
which provides electrical pinout connections and an excellent path
for dissipating excess heat. While some packages, such as plasticl Heat Sink
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Layer Number
i=M,+1

i=M
Small Qutline Package Pin Grid Array Leadless Chip Caorrier
Plastic Leaded Chip Carrler Dual Inline Package Plastic Quad Flat Pack

Fig. 2 Various package geometries reproduced from sketches
in Bar-Cohen [11]

Modeling Procedure

Fig. 3 Coordinate system for package model

Assumptions. Several assumptions have been used in the de-
velopment of a thermal model for simulating microelectronic
packages. Each of the assumptions is selected to simplify the
mathematical calculations while preserving the physical integrity

of the problem as much as possible. in terms ofm andn in Eq. (3) are truncated to an upper liniit

The analysis is based on the solution to Laplace’s equatiqf).: P - ; -
where heat is produced at the top surface of the die plane Ia%%hlch can be arbitrarily specified subject to accuracy require

For practical engineering purposes, the infinite series specified

> - Ents and problem specific conditions. Typical valuema@ndn
and there are no other sources of internal heat generation. The i the range of 10—30, with an accuracy advantage obtained
source of heat, typically a silicon wafer, is assumed to be in '

itelv thin with unif heat i or higher values of the truncation limit along with a correspond-
nitely thin with unitorm heat generation. iné; penalty in calculation time

The layers within the various sections of the package structur
are assumed to be composed of homogeneous, isotropic materials NN
of known thickness and thermal conductivity. This implies that 0i(x,y,2)= E E Xi(X)Yi(y)Zi(2) 4)
layers, such as the lead frame, where the layer may consist of both m=1n=1

a metallic frame and a plastic or ceramic binder, are considered Orhe four sides of each layer are subject to a uniform, convec-
have a single value of thermal conductivity over the full extent gf '

ve boundary condition, such that

the layer.

Adjacent layers are assumed to be in perfect contact, where the .
contact resistance between layers is considered negligible and the Ly~ —Bi1j6=0; x=0 (5)
temperature and the heat flux are equated across the interface.

The convective boundary conditions over the upper and lower : )
surfaces of the package are assumed to be uniform. Each layer Llﬂ_X+B|2,i 0;=0; x=L, (6)
exposed along the sidewalls of the package can have a unique,

uniformly specified convective boundary condition. 36,
. . . . LZ__Bi3i0i=O; y=0 (7)
Single Layer Model. A basic three-dimensional rectangular, aay '
planar layer with a local coordinate reference is used to represent
each layer. The overall length of the layerlis and the overall L 0—0i+Bi 6=0; y=L ®)
width, L, as shown in the multilayer package in Fig. 3. The layer 2oy AT S 2
is assumed to have a homogeneous thermal conduckivitand
each exposed side face of the layer, numbered 1-4, has a uniquél re
specified boundary condition, denotedngs andT; wherej refers hyily hyiLy
to the particular sidé1—4) andi refers to the layer number. Biy;= k ; Biy= k
The controlling governing partial differential equation for ' ! 9)
three-dimensional steady state heat transfer in a rectangular, ho- hail h, L
A . . y . 32 . 42
mogeneous body with no internal heat sources is Laplace’s equa- BI3JZT; 4=
tion, given as i i
20 26 326 The separation functions in E¢4), and the characteristic roots
—+—5+—>=0 (1) which automatically satisfy the boundary conditions in E&s-
Ixe gyt 9z (8) are defined as
where Biy,;
d .
0=T-T, 2) Xi(x)=cog €y x/Ly)+ ?’ism( €miX/Ly) (20)
andT, is assumed to be a uniform ambient temperature which is Bis;
specified for the four sides of each layer. Yi(y)=cog\,,;y/Ly)+ ! sin(\p;y/L,) (11)
An exact, separable series solution for Efj.can be written for Mni
the temperature rise within each layer as Zi(z)=a§7i1?n cosh yman/Lleg‘?n SN ymaZ/Ly)  (12)
bxy.2=S S X(0Yi(y)Z(2) @) Emi (e?n,i—Bil,iBiz,i)sirxem,i)—em,i<Bi1,i+Bi2,i>cos<em,i)(zlg)
m=1n=1
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Mnit  (Na;—BigiBig;)Sin(Np;) =Ny i(Bis;+Bigj)cog\, ;) =0

NN NN
(14) > > aﬁw;l)xwlYiH:@iE >
L, 2

L_Z)\n,i (15)

The separation functions;(x) andY;(y) are determined based
on layer geometry, properties and surface boundary conditiond!, N _ N ) ot
The only remaining unknowns in the solution are the Fourier coY, >, bl Yyl iDx 1Y, 1=k, >, >, [al), sink( 'yﬁT'])nL—')
efficients,a(}), andb{),, which can be determined based on thé'~* "=* m=1n=1 !
boundary conditions specified over the upper and lower planar ) ot _
surfaces. In the case of a multilayered structure, the Fourier coef- +bl), cos}‘( 7<n'1)n|_—') ) XYy
ficients in adjacent layers must be coupled in order to impress the 1
influence of the boundary conditions at the upper and lower ex- (27)
posed surfaces throughout the multilayered structure. ) ] ] )

A relationship between the two Fourier coefficients in a layer Equations(26), (27), and(19) provide the inter-layer relation-
can be determined by using the uniformly specified boundary coplips needed to determine the Fourier coefficients in each layer in

i 2
75:1?n= €mit

o sind 40 1 Ixy, (26
m,n SIN ym,nLl ivi (26)

N

dition over the lower planar surface of that layer terms of a single, unresolved Fourier coefficieaff), .
a0, . Solution Procedure. For modeling purposes the electronic
Ly~~~ Bibol 61~ Ope) =0; 2=0 (16) package, as shown in Fig. 3, has been divided into three distinct
zones:
where
(a) Basecell
R P (b) Sidewalls
Bipor= T 17 (c) Cap
0 bo=Tho— Tsx (18) Each of these zones consists of one or more layers with the

layer numbering scheme as indicated in Fig. 3. For the case of a

The boundary condition is applied over the full planar surfacilly encased package, the sidewall sections can be omitted, leav-

O0s=x=L,, 0<y<L,. Since the boundary condition in E4.6) is ing a basecell and a package cap which sits directly on top of the
uniform, the principle of orthogonality for the chosen Fourier sedie.

ries functions(which are themselvesrthogonal functions will The temperature or heat flux solution for a multilayered sub-
directly result in a relationship between the Fourier coefficients ktrate with either a single heat source, as shown in Ra). @ a
the layer. multiple heat source configuration, as shown in Fig) Zinvolves
bl = £ 4 gD o) (19) the solution of a mixed boundary value problem. The boundary
mn— mn " 9mnm,n conditions for each discrete section on the planar surface with the
This directly relatesa’®), to b{), through the explicit constants SOUrces, referred to as the die plane layer, can be written as
fO, g, where Y ails
1 o _ it
e — 2(Bing® o) SIN( €, ) SIN(Ap,1) 20) Lig *Bij(0w, =0 =3 — z=tw,  (28)
= - - 1
™ Va1 SIN2N 4 1)/2) (€ SIN(2€m 1)/2) _ _
i wherej denotes the section number and
(1) _ Blbot
9mn=_m (21) ~hiLy
Ymn =— (29)

Tk
Multilayer Model. Each layer in a multilayered cell has a M
local coordinate system with a unique origin, which in turn con- O =T -T (30)
forms to the above specified equations. The numerical coupling of 1= TsMy

the 9°V.emi”9 equations within eaph layer is attained through theThe boundary condition over any section of the die plane layer
application of two boundary conditions along the common mteE- n be fixed as either a convective condition throbgha tem-

face, based on the assumption of pe_rf_ect contact bg_tween all afature specified condition throudh or a flux specified condi-
jacent layers. The two boundary conditions are specified such t throughg; . Any combination o]f Bi, ©,, andq; may be
i L i

temperature and heat flux are preserved across the |nterfac% cified for each section and there may be an arbitrary combina-

every point in the planar domain. tion and number of these sections. However, the total surface area
0i41=6,+0; (22) of these sectionmustequal the total top surface area of the die
plane shown in Fig. @) or 4(b).
36,41
Jz

0,
K9z

(23)

z=0 z=t;

where the relative difference between the specified ambient tem-
perature in each laye€); , and the conductivity ratiog; are given
as

0i=Tsi—Tsis1 (24)
ki
Tl 29) ®)
The interlayer boundary conditions in Eq82) and(23) can be Fig. 4 Die plane control surfaces;  (a) single source, (b) mul-
recast in terms of their Fourier series counterparts as tiple sources

Journal of Electronic Packaging SEPTEMBER 2000, Vol. 122 / 235



The sectional boundary condition in E@8) can be applied to composed of geometric and thermophysical data resulting from
the Fourier series solution for the die plane layer allowing aese substitutions. The complete detailed evaluation is given in
approximation of the complete set of boundary conditions fdremczyk et al[6].

each section of the form
EaMt "V =Eal) +d; (34)

Y f (Au—f)Z=min (31) Esay ' V=Ea) +d, (35)

We note here that the generalized equation to be satisfied is otSing the inter-layer relationships given in E¢&6) and (27),
the formAu=f, with u, containing the approximate solution toEds-(32) and(33) can be combined to form a single solution set

. . . . i (1)
the problem, in our case the series containing the remamﬁ}ﬁﬁ in terms ofay, .
Fourier coefficients. The necessary condition to satisfy (Bd), [ A]aﬁ)n=r (36)

involves the satisfaction of the set of equations
where

(32) A=E4[E; 'E;]-E, (37)

— -1
which leads to a uniquely solvable solution, satisfying necessary r=d,—Es(E; 7dy) (38)
and sufficient requirements of convergence and completenessThe modeling of open cavity packages presents additional chal-
Utilizing the method of least-squares on the boundd¢giman lenges because of the lack of one-to-one matching over the full
[7]) with respect to the coefﬁcientsﬁnMr}), a simple relationship extent of each adjacentllayer and the addi.tion of radiative heat
can be obtained for the unresolved Fourier coefficiaﬁt)n. transfer in the open cavity. Un_Ilke the solution for_the fully en-
’ capsulated package, the solution of the open cavity package re-
[AlalM) =r (33) quires the solution of a sectional or mixed boundary value prob-
' lem along the interior face of the cap section. This mixed
Once af,},)n is determined using a solution method such asoundary condition allows for the perfect contact conditions over
Gaussian elimination, the complete set of Fourier coefficients ctire  sidewall section and the convective boundary
be determined which in turn allows temperatures to be calculatéediativet conductive heat transfer coefficient) over the exposed

J|Au—f|?
- =0
ay

by substituting Eqs(10)—(12) into Eq. (4). sections.
Package Model. A quick comparison of the multiple layer A, Qjals
stack shown in Fig. 1 and the cavity-up package shown in Fig. 5 Li—— +Bija(0u,~0j)="—; z=ty,  (39)
reveals some similarities in geometry but many differences which My
must be considered if the Fourier series solution described above 90 L
is to be used to model an electronic package. |_1—M3 +Bij (O, ~ 0 9= 9j3 1; 2=ty (40)
Packages, such as fully encapsulated, dual inline packages, z * 3 * kM3

have a basecell section very similar to the multilayer stack shown . .
in Fig. 1 but the die plane layer is encased with a layer of plastic 't Should be clearly noted that unlike the user specified bound-
or ceramic. The layer or layers above the die plane can be m@dy conditions used in Ed16), these boundary conditions repre-
eled exactly the same as the basecell section described previoudt the thermal connection between the die plane and the cap
The cap of the package is a mirror image of the basecell, join@:}’er through the interior cavity and the sidewalls. As a result the
along the die plane layer using the assumption of perfect contae@Secell and cap sections cannot be solved simultaneously. In-
As shown in Fig. 3, the layer numbering used in the cap is order&ffad, an iterative procedure is used to couple the two sections.
from the top surface down to reflect the fact that it is a mirrof N€ solution procedure in both the basecell and the cap sections is
image of the basecell section. similar to that described previously.

Substituting the appropriate Fourier series for the layers on ei- 1 "€ Sidewall layers, adjoining the die plane and the cap layer,
ther side of contacting interfaces into E422) and (23) allows &' modeled as one-dimensional fin sections. in
two equations to be obtained in terms of the Fourier coefficients at g . —a. . cosl{e; ;z)+b; ; sinh(e; ;2); 6, =T, ,—Ts,
the die plane layer and the first layer in the basecell. For simplic- ' 7" b M M M a4

ity, E;, E,, E3, andE, are used to reflect the detailed terms ) )
where for the sidewall sections the subscyipt Eq. (39) denotes

the number of the side between 1 and 4.
The interior surface of each sidewall section is assumed to be
. insulated but the exposed outer surface has a user specified con-

—= conduction vective condition for each sidewall layer.
******** - radiation + conduction The fin solution coefficients can be uniquely determined from
specified boundary conditions. Specifying the heat ftyxand
temperature for laye,+1 atz=0 (i.e., at the attachment to the
die basecell will give

&My +1= TjMy+1~ Tsm,+1 (42)
Bjm,+1= A m 1/ (K 1€m,41) (43)
where
€1;=VBiy/(Lywy);  Biyj=hy;L,/k (44)
€2;=VBiy I(Lywy);  Bigj=hy;L, /K (45)
Fig. 5 Conductive and radiative heat transfer paths in an open €37=\Big; /((1— (W +Wy)/L1)(Lowa));  Bigj=hgjL,/k;
cavity package (46)
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€2;=\Bigi /(1= (Wy+Wp)/L1)(Low,));  Bigi=hyLo/k; Dig
(47) mold compound | die

andw; are the four sidewall widths, as shown in Fig. 3. mold compound
Combining Egs(40) and (41) with the perfect contact bound-

ary condition between layers in the sidewalls allows all Fourie ,

coefficients for the sidewalls to be calculated.

Qji+1=Q Coshej,iti)—"_bj,iSink(ej,iti)—"_@i (48) heat sink

bjir1=xi€,i(aj, sinh(e it)) +b; ; costie; iti))/€ji+1 (49) |CChiP\—/—Seal Lid

Using these coefficients, a heat flux from the sidewall and ~ DieAttach Seal Ring
mean temperature can be calculated, such that Pins PC Board

TJ,MZZaj,MZ COSKEj,MZtM2)+ bj,Mz SinHEijthz) (50)

Lead Frame Heat Spreader

(b)

(c)

j.m, kMZElsz(aJsz S'nr(elsztMZ) N b"MZ cosH EJ'MZtM(%?L) Fig. 6 Profiles of packages used for model validation; (a) vali-
dation chip module, (b) 208 pin plastic quad flat pack, (c) cavity
The boundary condition over the exposed surface of the cap deil multichip module

can be either flux specified, to represent a cavity down scenario or
a convective condition to represent a cavity up arrangement with
the radiative and conductive exchange in the cavity. The exchangd-asance et al[9] do not discuss the details of their Fourier
of radiative heat transfer is assumed to be between the upper agties model and as a result there may be minor differences be-
lower planar surfaces of the cavity. The sidewalls are assumdeen the Lasance model and the model presented herein. Even

adiabatic and do not absorb or emit heat. with the potential for some procedural differences, there is excel-
The boundary conditions in the cavity are as follows: lent agreement between the two models when calculating mean
Cavity-up die temperature over a wide range of boundary conditions, as
shown in Table 2.
0,  he,y T Temmerman et al.10] tested a 208 pin plastic quad flat pack
9z +W(GM1_®cap)* m z=tw, (52) using several different test procedures, including a submerged
! ! double jet impingement test where heat transfer coefficients in
v, h excess of 1DW/(m?-K) can be obtained over the entire surface of
+ (0.~ Oge)=0; z=ty (53) the package. Other tests were performed using a cold plate on one
9z Km 3 3
3 or both planar surfaces of the package.
Cavity-down The plastic quad flat pack, as shown in F!Qb}(ﬁ was con-
structed of plastic mold compound with outside dimensions of
30m,  heay 28 mmx 28 mm, a thermal conductivity of 0.6 \W-K) and an
7z T k—(0M1—®cap):0; z=ty, (54) overall thickness of 3.6 mm. The plastic outer shell fully encap-
My sulated a thermal test di&GS-Thomson P635hat was 9.1 mm
90 h X 9.1 mmx 0.6 mm. The die was made of silicon with a reported
Ms | deav o @)= a4 (55) thermal conductivity of 155 Wi-K). The test die was attached
9z kM3 Mgy die kM3 ’ Mj
where Table 1 Geometric and thermophysical properties for the vali-
— dation chip module
0 gie= Taie— Ts,m, (56)
Layer Thickness Thermal Conductivity
0 cap Tcap_ Ts, My (57) (mm) W/(m K)
The film coefficient in the cavityh.,, is based on the radiative heat spreader 1.0 200.0
and conductive exchange between the two surfaces while convec- mold compound 1.0 0.2
. . . P lead frame 0.1 200.0
tion is considered to be negligible.
mold compound 2.0 0.2

heav=Nragt Neond (58)

Model Comparison
. . S . Table 2 Comparison of junction temperatures between
Lasance et al.9] designed a hypothetical validation chip mod_—l_asance etal. [9] and current model

ule to be used as a benchmark in a study of thermal characteriza-

tion of electronic packages using a commercially available nu- h (W/(m®- K) AT (°C) difference
merical simulation code. The idealized package with overall [Ltop | bot | side | lead Lasa:cse;t al. Currzr;tS I;odel 3700)7
dimensions of 30 mm 30 mm dissipaté 1 W over a die 3 mm T o] e o
X3 mm and consisted of four homogeneous layers as shown ini~51106 {100 [ 100 2.6 8 088
Fig. 6a), where the dimensions and thermal conductivities are [ 1060 [ 1000 | 000 | 1000 18.2 184 1.10
listed in Table 1. 10% | 10% [ 10% | 107 174 7.7 1.72
The geometry of their idealized package was simple enough | 10° | 10° | 10° | 10° 16.7 17.1 2.40
; ; ; ; 109 | 10° | 10° | 10° 16.7 17.1 2.40
that Lasance et al. used a conventional Fourier series solution for o0 1 1010 39 560 P
stacked laminates to obtain the mean temperature of the heal—5——5 {500 | 500 EoR] 58 0
source. Although Lasance’s data do not provide a validation for |10 [ 506 | 10 | 10 0.7 22.0 138
the more complicated geometries found in most electronic pack- | 10° {1079 | 1077 [10~° 25.4 255 0.39
ages, they do provide a convenient benchmark for the fundamen-[ 107> | 10° [10°]10~° 202 203 0.50
i ; i ; 109 [ 1079 10° | 10° 19.1 18.2 471

tal multilayer solution presented in this paper.
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Table 3 Comparison of junction to case resistance between Table 5 Data for dies in multichip modules
Temmerman et al. [10] and the current model

Test cold cold jet Die Power Die Size Die Centroid (z,y) T;-T,
plate plate (W)  (mm x mm) (mm) °c)

experiment model

heop (W/(m?- K)) 20 40  10° _
Diel 2.23 11.35 x 10.72 (11.177, 35.641 37 36.4
heot (W/(m? - K)) 10° 10°  10° Die2 3.35 1151 x 10.72 (11.253, 12‘7413 41 38.9
Rj. (exp.) (°C/W) 10.19 10.19 7.30 Die3 335 833 x7.37 (33.566, 39.033) 43 44.8
ch (model) (OC/W) 1091 1024 7.84 Die 4 1.535 8.56 x 6.86  (33.693, 26.299) 36 39.3
. Die 5 1.535 8.56 x 6.86  (33.693, 8.829) 39 35.7

% difference 7.1 05 74

to a heat spreader with a thermal conductivity of 300(iWK) hegt sink but representative values R)Jia with an apprpach vg-
and a thickness of 0.13 mm using a die attach material with!€ity of 1.5 m/s and a 50 mm50 mmx 12.5 mm heat sink are in
thermal conductivity of 2.5 Wim-K) and a mean thickness ofthe rang% of 2.1 to 2.8°C/W. For modeling purposes a value of
0.005 mm. The heat spreader was then attached to the leadfrdfg = 2-5° C/W has been selected. A thermal grease was used be-
with 52 pins per side with a pitch of 0.5 mm. All testing wagween the heat sink and the seal lid to minimize the contact resis-
performed with a total power input of 1 W. Thermal resistanctnce and to promote heat transfer to the heat sink.

values were calculated based on measured values of the steadihe MCM had 5 dies of various sizes and power levels as
state power dissipation, the junction temperature and a referesé®wn in Table 5. All exposed surfaces of the MCM are assumed
temperature based on the cold plates, the fluid or the ambiéathave a uniformly specified convective boundary condition. An
conditions. approach velocity of 1.5 m/&800 fpm) is used. The heat transfer

The difference between the experimental data and the Four@gefficient is based on a formulation given by Sullhan et al., such
series model is less that7.5 percent for each of the three testhat:
procedures as shown in Table 3. No explanation is offered by _ e
Temmerman for the identical junction to case resistance when the h=2x0.000546 vV/L (59)
heat transfer coefficient of the top surface changes from 20 to &Bere V, the velocity is in fpm, the flow lengtH, is given in
W/(m?.K). The Fourier series model exhibits sensitivity to thénches and the resulting heat transfer coefficient has units of
change in the heat transfer coefficient and the resulting thernvtf(in.2-°C).
resistance for the higher heat transfer coefficient is lower by 6.6The MCM is attached to an FR-4 printed circuit board through
percent. the kovar leads. A lead conductance of 34001W/K) was used

Sullhan et al[8] examined several different types of packagesor modeling based on a pin length of 4.57 mm
including pin grid arrays with single dies and multichip moduleg§substrate-package standoff) and a pin conductivity of 15.57
with five dies in both cavity up and cavity down configurations.W/(m-K).

The cavity up multichip moduléMCM) examined by Sullhan  The calculated die temperatures, as shown in Table 5, compare
et al.[8] had a cross sectional profile as shown in Fi@)6The favorably with the measured die temperatures reported by Sullhan
substrate of the package consisted of a three layer stack, with #teal. The hottest die temperature differs from experimental mea-
first layer made of alumina, the second was a leadframe laysirements by 4.2 percent. Die 4 and die 5 are the same size and
made of kovar and finally a die attach layer of silver filled epoxydissipate the same power. Normally one would expect die 5 to be
For modeling purposes, the silicon dies were assumed to be infie cooler of the two because it is located in the corner of the
nitely thin with a uniform heat flux distribution. The seal ring otMCM and benefits from cooling to two adjoining sides. The
sidewalls of the MCM were designed to be a primary conductiv@odel shows this trend; however, the experimental data show just
path for heat dissipation to the aluminum heat sink attached to tire opposite.
seal lid of the package. The seal ring and seal lid were constructed
from a copper tungsten alloy and molybdenum, respectively. T
dimensions and the thermal conductivity of each of the materia
used in the MCM are given in Table 4. Sullhan et[8]] did not The complex geometries found in most electronic package con-
explicitly give the thermal resistance of their extruded aluminuriigurations can be modeled using analytical methods through the

careful use of simplifying assumptions. The Fourier series solu-

tion presented here provides a method for calculating local tem-
Table 4 Thicknesses and thermal conductivities used in the perature distributions, heat fluxes and thermal resistances with an
cavity up multichip module accuracy of approximately=5 percent using a fraction of the
setup and simulation time expected with more traditional domain
discretization procedures.

onclusions

Material Thermal Thickness
Conductivity
(m- K)) (mm) Acknowledgments
The authors acknowledge would like to acknowledge the finan-
cial support of the Materials and Manufacturing Ontario and
Alumina 28.0 3.302 R-Theta Inc., Mississauga, ON.
Kovar 15.57 1.270
C-W Alloy 159.0 1.778 , .
Thermal Grease 2.00 0.0762 A = surface area of the body,’m
A = coefficient matrix
Bi = Biot number
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f,g = explicit constants found in Eq$20) and(21)
h = heat transfer coefficient, Wh?-K)
i = layer identification
j = die plane section identification
k = thermal conductivity, Wim-K)
L, = package length, m
L, = package width, m
M, = top layer in basecelldie plane layer
M, = top layer in sidewall sections
M3 = bottom layer in package cap
N = series truncation limit
t = layer thickness; m
T = temperature; °C
u = solution vector
x,y,z = Cartesian coordinates, m
X(x) = separation function
Y(y) = separation function
Z(z) = separation function
w;j = sidewall widths, m
Subscripts
a = ambient
bot = bottom surface
cap = cap
cav = cavity
cond = conduction
die = die
rad = radiation
s = sidewall sections

Greek Symbols

€
Y
A

characteristic root fox-direction
composite characteristic root
characteristic root fox-direction

Journal of Electronic Packaging

«; = conductivity ratio;=k; /k; 1
0 = temperature rise, °C
® = sidewall temperature difference as in E¢B3) and
(24)
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