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Thermomechanical Analysis in Electronic
Packaging with Unified Constitutive
Model for Materials and Joints

Chandra S. Desai, Cemalettin Basaran, Terrance Dishongh, and John L. Peifme, IEEE

Abstract—A unified constitutive modeling approach based on implemented readily in numerical procedures for improved and
the disturbed state concept (DSC) provides improved charac- economical analysis, design and reliability.

terization of thermomechanical response of joining (solders), The research conducted toward the goal of developing

ceramics and printed wire board (PWB) materials in electronic listi del d t Ivsis has i ved:
packaging. Various versions in the DSC approach are calibrated realistic modeis and computer analysis has involved.

and validated with respect to laboratory test data, and are 1) development of a unified constitutive model based on the
implemented in a nonlinear finite element (FE) procedure. The newly proposed disturbed state concept (DSC) to charac-

hierarchical nature of this procedure permits the user to choose terize the behavior of materials in the joints/interfaces
a constitutive model, simple (elastic) to sophisticated (elastovis- . . '
chips and substrates;

coplastic with disturbance), depending upon the material and h . .
need. The FE is used to analyze thermomechanical behavior of 2) calibration of the model parameters based on available

two typical problems: laboratory tests, particularly on Pb-Sn solder materials;
1) leadless ceramic chip carrier (LCCC) package; 3) use of available test data and development of new lab-
2) solder ball connect (SBC) package. oratory test devices for enhanced databases for material
The FE results under cyclic thermal loading are compared with parameters;

experimental data for the two packages, and with a previous FE 4) validation of the model using the laboratory test data;
analysis for the SBC package. In conjunction with the idea of '

critical disturbance at which thermal fatigue failure can occur, 5) |mplementathn of th? m_odel In numerlcal. finite eIem.ent
the analyzes allow identification of cycles to failure,N;, and procedures with application to and validation of practical
evaluation of reliability of the package. In the case of the SBC chip-substrate problems in electronic packaging.

package, the analysis permits an evaluation of ball spacing on petaijls of the first three aspects are presented in various
the thermomechanical behavior.

The DSC approach can provide an integrated and improved publlcat_lons [6]__[8]’ hen_ce, a brief review is given below.
procedure compared to available models for elastic, plastic, creep 1h€ main attention here is given to the fourth aspect, namely,
strains, and microcracking leading to degradation of strength thermomechanical analysis including failure and reliability of
and fatigue failure for a wide range of problems in electronic two typical problems in electronic packaging.
packaging under thermomechanical loading.

Index Terms—Calibration, chip-substrate systems, electronic
packaging, finite element analysis, materials and joints, relia- Il. CONSTITUTIVE MODEL
bility, thermomechanical behavior, unified constitutive model,

validation. A general and unified constitutive model based on the

disturbed state concept (DSC) [9], [10] has been developed
to account for elastic, plastic and creep strains, microcracking,
I. INTRODUCTION damage and degradation or softening, and post-peak stiffening

PPROPRIATE characterization of the thermomechanicahder thermomechanical loading for a number of materials
behavior of materials and interfaces or joints plays @sed in electronics industry. The hierarchical nature of this
vital role in the realistic and economical design in electron@Pproach provides the user the flexibility to choose an ap-
packaging such as chip-substrate systems. Although significBfiPriate. model for a specific need. For instance, one can
experimental, analytical and computational research has b&é6gose elastic, classical elastoplastic, thermoelastic, thermo-
reported' see reviews in [1]_[7], there appears to be a |a\§I_|§COp|aStIC, to the _general mOdEL th_ermOVISCOpIaStIC with
of unified and fundamental constitutive models that can igésturbance, which includes the classical damage model as
a special case. As a result, the DSC provides improved and
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Cluster from laboratory test data. It is often expressed as
e P o, @ D=D,(1- e—AfJZD) (1)
Transition % Be’
o & % o .
& ¢ whereD,,, A andZ can be temperatur@) dependent material
° o &2, @ o
e e parameters angp is given by

inttial /|nurmldlan "Failure"” SD:/(dGZ})e dé;]})e)l/Q (2)

[ ] Retative intact zones where eZ,Pe is the tensor of thermoviscoplastic deviatoric

g "y A strains,£p is their trajectory, and! denotes increment. The
soromate (Critieal) - Zones parameters4, Z, and D, are found from laboratory tests
in terms of stress-strain, volumetric and/or nondestructive
Fig. 1. Schematic of relative intact and fully adjusted clusters in DSC. responses. Accordinglyl) can be expressed as (10)

a (small) part in the FA state, representing cracks or flaws D, = VJip = vV Jip (3a)
due to initial effects such as residual stress and manufacturing. Vi = Isp

As the loading progresses, the material experiences continuous vt —

changes or disturbances in its microstructure due to the process D, = Vi — ° (3b)
of natural self-adjustment of its particles. As a consequence, Vi_ye

the RI state transforms to the FA state; they are distributed D, = Vi_vye (30)

randomly, Fig. 1. In the limit, the entire material element

approaches asymptotically the FA state. Somewhere before Wieere Jop is the second invariant of the deviatoric stre$g,

final FA state, the microstructure reaches a critical combinatiand is proportional to shear stressw is the volume,V is

of the RI and FA states, which can be identified as the critictile ultrasonic velocity, and, i andc denote observed, Rl and

disturbance, at which it “fails,” orcollapses and ceases to FA states, respectively.

perform its engineering service function. Evaluation of this Constitutive EquationsBased on equilibrium of forces in,

failure state under cyclic thermal loading is important fopbserved, RI, and FA parts in the material element, the

reliability analysis of packaging problems. incremental constitutive equations are derived as [6]-[10]
The observed response is expressed in terms of the re-

sponses in the Rl and FA states by using the disturbarfle; = (1

function, D. The response of the material in the RI state can b% s the st tenso€ dce h it
found from laboratory stress-strain-volume change and/or ngf-E€réais 1 the slress tensoly; ;,, andC;,, are the constitu-

destructive behavior, and can be characterized by using st tensors that characterize the RI and FA parts, respectively,

continuum theories as elasticity, plasticity, thermopIasticitl‘rilﬁned Céllj kl)sel’:g\e/i(l)?c(zgrr?ebnet EL;?;it:EZ-eAdSblndLljcsailrt]edaear:gar,riate
and thermoviscoplasticity [6]-[10]. y 9 approp

In the FA state, the material behaves differently comparedg(();;f:;;:?ytheory such as elasticity, elastoplasticity and vis-

the Rl material, and its response s usually much soft_er. Asit 'SThe FA behavior can be characterized by using the critical
surrounded by the RI material, it does possess certain stren%Eh

however. For instance, for a given initial mean pressure, it ¢ dte concept or by assuming that the material part in that

o ' 9 P ! gpaée can carry no shear stress but can carry hydrostatic state
contlnue_ to carry the shear stress reached up t_o that state 171, [12]. The latter is used for joining materials such as
deform ||.1'shear at constapt volume; this state IS often tgrm éder alloys here. It implies that the material parts in the FA
as the critical state. Thus, in contrast to the classical continudm  surrounded by material parts in the RI state, act like a
damage models [11] in which the damaged material part has ’ ’

b th il in th fini strained liquigithis is analogous to the plastic state after the
strength, the FA material in the DSC possesses finite strenq} Id in perfect plasticity. In this case, the tensdf;,; involves

One (_)f the attribu'Fes of this ap_proac_h is that the observ% parameters related to the volumetric or bulk behavior.
material response involves consideration of responses of two

coupled and interacting material parts, and as a consequence,

the microcrack interaction effects are implicitly accounted for ll. MATERIAL PARAMETERS

in the DSC model [9], [10]. As indicated earlier, the user can choose a model for a
Disturbance Function:The disturbance function denotesspecific need. Various (12) options available are given in Table

the proportion of the volume of material parts in the FA state The material parameters are found from available laboratory

to the total volume of the material elements, and acts as te&ts. Here, the parameters for various solders are found from

coupling and interpolation mechanism between the Rl and Fésts reported previously [13]-[19]; procedures for finding the

responses so as to lead to the observed response. It is expresarimeters are given in [6]-[8]. It may be noted that the

as a function of such internal variables as the viscoplastic strg@arameters in the DSC model have physical meanings and

trajectory, temperature and cyclic loading, and is calibratede related to strategic states during deformation behavior of

— D)Cjjpidety + DCSjyadeiy + dD (o5, — 01;)  (4)

ijk X
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TABLE |
VARIous OPTIONS IN THE DSC AND PARAMETERS

Parameters Thermal
Model Creep | Disturbance Effects (0)*
Elastic Plastic

1. Elastic (E) E, v 2. E(®)

3. Elastic-plastic E, v o, 4. EP/C(6)
classical (EP/C), ]
e.g., von Mises

5. Elastic-plastic E, v ¥, 8; n; a, 1, 6. EP/H(6)
hardening (EP/H)

7. EP/H with disturb- | E, » v, 8; n; a;, 7, A,Z D, 8. EPH(6) with
ance disturbance

9. Elastic viscoplastic | E, » Y. 8:ma,n |T,N 10. EVP(9)
(EVP)

11. Elastic viscoplastic | E, » v, B;n;a,n |T,N A, Z,D, 12. EVP(§) with
(EVP) with dis- disturbance
turbance

*Thermal effects are included by expressing the parameters as in Eq. (5).
o, = yield stress

materials. The following equation defines the temperature-
dependent parameters shown in Table I; the meanings of

various parameters (in Table I) are given subsequently &1
6\
- — 5

b p300<300> ) 5 3

where p is a parameterpsgg is the value ofp at 300 K, 6 34

is the temperature, anil is the exponent. Hencegoo and A .

need to be determined from laboratory tests. ]

The strain ratg¢) effects need to be included for charac- ‘A ! . . ‘ . , . i . l

terizing the materials. It is possible to express the parameterg®® ;¢ *°° 500 700 w0000 us00 w0 weae 20000 200

3R

as function ofé¢ [6]; this aspect is beyond the scope of this
paper. Here, average values are used if more than one test@r2. Schematic of yield function with bonding stress.
strain rates were available.

Validation: The parameters were used to backpredict thgress quantities are nondimensionalized with respect to the
laboratory test data for various solders by integrating (4). Herﬁmospheric pressure constantso as to render most of the
the validations were obtained for the tests used to find the,ameters nondimensional. The tefinis given by

parameters and independent tests not used to find them. Details

are given by [6]-[8]. Ji=J1 +3R (6b)
Meanings of ParametersVarious parameters in Table | are
defined below. whereR is the bonding stress. Fig. 2 shows schematic of yield

Elastic Young modulusF and Poisson’s ratiay, or shear function /' with continuously expanding yield surfaces. The
modulus,G, and bulk modulusk, are found from unloading ultimate or failure yield surface intersects thig-axis at the
or initial slopes of observed stress-strain curves. value of J; = 3R on the negative side.

Plasticity. The yield function in the HISS plasticity approach The hardening or growth functiomy, is given by
is given by [6

e () = 2 ™

3(0)

F=Jp—[-aJ] +~4J7](1 - BS,)"%° =0 (6a)

where~ and 3 can be temperature dependent and are relatetierea; ands; are temperature dependent hardening param-
to the ultimate or failure envelope in thgJ,p — J; stress eters.

spacepn is the phase change parameter and denotes the statésreep The viscoplastic strain ra@’}’e given by [6], [20]

at which the volume change is zerS, = /27/2Jsp -

J1%,Jy is the first invariant of stress tenset;, Jop and &P = T(0) (3 (F))
Jsp are the second and third invariants 8f;; here, the !

oF
80”»

(8a)
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where the flow function)(£") is given by

F 0, whenF <0
w(ﬁ) - {(FEO)N(Q), whenF > 0 (8b)

Here, the fluidity parametei;, and the exponenty, can be
temperature dependent, ad is the normalizing function,
e.g., yield stress in uniaxial tension gf.

Disturbance The temperature dependent disturbance pa
rametersA, Z and D,, are defined in (1). Details including
values of these parameters are given later for the two examgle
problems.

Validation The DSC models have been validated with
respect to laboratory test data for a wide range of solders,

(@

silicon and ceramic-composite [6]-[10]. 140
120 oy
IV. FINITE ELEMENT PROCEDURE 100 -\
The DSC model (4) is implemented in a nonlinear finite / \\
element procedure that permits elastic, elastoplastic, elastovig= & / \\
coplastic, thermo-elasticviscoplastic and disturbance versiong e M
The finite element equations for the general thermoviscoplasti§ ‘0 /— \.\
model with disturbance are shown below [7], [8]; note thatg ./ \.\ -
these equations will be simplified for various options in Table= 20 5 o
I: o N /;/-
> [ B (- pypee) ,
m ‘/
-40
#\ ¢ vevpl i O 200 400 600 800 1000 1200 1400 1600
+ D(l ta )[ ¢ ])[B]{Aq } Time (seconds)
=1 - [ By av o
m Fig. 3. Leadless ceramic chip carrier and temperature cycles [21]: (a) LCCC
_ Z /[B]T{afl _ 02} dD dV (9) and (b) temperature cycle.
m ] \ Ceramic

where [B] is the strain-displacement transformation matrix, Hegssink d Solder ball \
o is the relative strain parameter ide’} = (1 +

o*) {de'}, {Aqg} is the incremental nodal displacement vector,

m is the number of elements, and supersctiptpt) denotes
thermo-elastoviscoplastic. For viscoplastic analysis, (9) iSindex of :
solved using time integration, while for other options, Table solderball. a=98-76-53-3-2-1 0123456738 91&“1

I, its special forms are solved using incremental-iterative
techniques [6]-[8]. Fig. 4. Example 2: Test vehicle for CBGA in simulated laboratory test [24].

B. Examples in Electronic Packaging

V. APPLICATIONS A main objective here is to describe two typical problems

in electronic packaging that have been solved by using the FE
procedure with the DSC model. The first example involves
The DSC provides a basis for developing design chattboratory tests performed by Hall and Sherry [21] on an
for given (class of) joining materials. Here, a typical chip84 1/0, 0.64 mm pitch leadless ceramic chip carrier (LCCC)
substrate system was subjected to cyclic shear strain cyalesunted on a printed wiring board (FR4, polymide epoxy
(N) of different amplitudes and temperatures. The results wegkass) by using a (60% Sn-40% Pb) eutectic solder, Fig. 3(a).
obtained in terms of growth of disturbance, peak shear strédse material properties used are those obtained from the tests
and load factof¢) [18] with N. Based on an adopted criteriareported by Riemer [13] and Skipoet al. [17] for elasto-
for fatigue failure, such a®) = 50%, 75%, 95%; it was pos- plastic, Pan [16] for creep, and Solomon [18] for disturbance.
sible to define the number of corresponding cycles at failur€hey are listed in Table Il with respect to their temperature
N;. Comprehensive parametric study involving variation alependence.
various parameters, can lead to nondimensionalized desigihe second example represents analysis of IBM 604 power
charts for the evaluation of their fatigue life; details are giveRC chip which involvesceramic ball grid array (CBGA)
in [6]. composed of either alumina or aluminum nitride (ALN) which

A. Design
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TABLE I
MATERIAL PARAMETERS FOR ExamPLE 1. LCCCAND ExampPLE 2: SBC
Example 2: SBC
Example 1: 60% Sn-40% Pb Solder % Pb-37% Sn ' % Pb-10% Sn
Parameter Psoo A Paco A Psoo A
Elasticity
E 23.0 GPa -0.30 15.7 GPa 4.1 9.29 GPa -1.92
v 0.40 0.14 0.40 0.0 0.40 0.0
Plasticity
Y 0.00082 -0.034 0.00081 -0.158 0.000822 0.16
a, 2.4x10° -2.58 0.78 x 10° 0.00 1.10 x 10° .61
M 0.394 0.00 0.46 0.23 0.44 0.24
n 2.10 0.0 2.10 0.00 2.10 0.00
R 217.0 MPa 2.95 208.0 MPa -5.34 122.0 MPa | -1.67
Creep
T 1.80/sec 6.20
N 2.67 0.00
Disturbance
A 0.102 1.55 0.102 1.55 4.07 0.00
VA 0.676 0.00 0.676 0.0 1.95 0.00
D, 1.00 — 0.90 0.0 0.90 1 0.00
Chip and PWB:; Elastic
Chip Ceramic
E 255.0 GPa Modui e 318.0 GPA*
v 0.30 E 0.23
o 5.4 x 10%/°C v 7.0 x 10¢°C
O
PWB PWB (FR4
E 12.0 GPa E 11.0 GPa
v 0.36 v 0.28
oy 8.9 x 10%°C or 20 x 10%/°C

N 2 T

L T e T R R T

i g

(4

ToTT

encases a controlled collapsible chip connection (C-4) silicdV) was applied, which resulted in differential strains due to
chip; details of geometry and dimensions are given in (22, 23he thermal expansion mismatch (CTE). The net or relative
Details of the CBGA in simulated laboratory test used later falisplacements were identified in the solder, and were then
comparison are shown in Fig. 4. Here, the material parametapplied at the top of the solder, Fig. 5(b), for 2000 thermal
are determined from tests reported by Celeal. [15] and cycles, in the second stage. This macro (stage 1) and micro
Savage and Getzan [19] for elastoplastic, and édial. [14] (stage 2) procedure is used to reduce computational effort.
for disturbance. These parameters for different materials areDisplacements, stresses, strains and disturb@fgewere
listed in Table II. computed during and after each thermal cycle. Fig. 6(a)—(c)
The solder (60% Sn-40% Pb) in Example 1 is characterizeows distribution of disturbance at typical cycl&¥s= 100,
as thermoelastoviscoplastic with disturbance, and for Exam@@@0, and 400 cycles. Note that the disturbance represents the
2, the two solders, (63% Sn-37% Pb) and (90% Pb-10% Sejfect of accumulated plastic strains (2). It can be seen that the
are characterized as elastothermoplastic with disturbance. Higturbance changes (increases) withstarts to localize near
material in the chip and PWB are assumed to be linear elastiue top right corner, and the localization grows from that corner
In the case of aluminum nitride (ALN) substrate, a series tifirough the solder toward the top left corner. This trend is
tension and compression tests were performed [8] to determgimilar to laboratory observations [21]. When a specific critical
its elastic constants. disturbance D, ~ 0.8 to 0.90, covers a majority (about 90%
Example 1: Leadless Ceramic Chip Carrier (LCCC) Packsf the area) solder, it can be considered to have failed from
age: Fig. 5(a) shows the finite element mesh for the problethe viewpoint of its engineering service function. Such failure
in Fig. 3. The mesh for the solder is shown in Fig. 5(b). Theccurs around 350 cycles [Fig. 6(b) and (c)]. Hall and Sherry
chip-substrate system is subjected to thermal loading cydl] reported that the laboratory test specimen failed after
Fig. 3(b), as it was done in the laboratory tests. The F&bout 346 thermal cycles. Thus, the computed cycles at failure,
analysis involved application of 2000 thermal cycles. Th#&;, compare well with those observed in the laboratory.
analysis was performed in two stages. In the first stage,The idea of the critical disturbancB,., to define failure, can
the entire mesh [Fig. 5(a)] was used and one thermal cytlave significant potential for design and reliability analysis.
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Fig. 5. Finite element meshes for LCCC: (a) chip-solder-PWB and (b) solder.
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Fig. 6. Distribution of disturbance in solder at different thermal cycles:Na}= 100, (b) N = 300, and (c)N = 400.

It is simple to trace in the FE procedure. This is becausksturbance criterion is consistent and relevant to the energy
it is a part of the constitutive model and its calculatiof25] and load-drop criteria [18] used previously. However, the
with the nonlinear cyclic analysis is an integral part of thprocedure proposed here provides a general criterion based
FE calculations. It has been shown [6], [7] that the criticadn multidimensional effects. Fig. 7 shows plots of disturbance
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Fig. 9. Thermal cycles and applied displacements: (a) Thermal cycles and
(b) axial and shear displacements from macromodel applied to micromodel

Fig. 7. Computed variation of disturbance and energy density per cycle Wit pall spacing= 1.27 mm.
number of cycles: (a versusN and (b) energy/cycle.
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Fig. 8. Typical finite element mesh for ball spaciagl.27 mm.

problem was analyzed by Corbin [22] using a finite element
procedure (ANSYS). In order to reduce computational
effort, Corbin analyzed the problem by performing two level
analyzes: macro and micro. The macro model simulated the
ceramic module and the FR-4 card using thin plate elements
connected by beam elements to simulate the SBC ball-joint
structure. The ceramic module and FR-4 were assumed to be
linear elastic, while the solders (90% Pb-10% Sn in the solder
balls and 63% Sn-37% Pb in the solder fillers) were assumed
to be elastoplastic with temperature-dependent elastic moduli
(£ andv), and yield stressy,. The net or relative (axial and
shear) displacements from the macro analysis were then used
as input boundary-loading conditions for the extreme ball,
which was idealized as three-dimensional. Corbin compared
the computer results with laboratory observations on SBC

and energy density/cycle with number of cycles. At about 4%ckage using Laser Moire Interferometry reported by Guo
cycles, there occurs a significant chang@inand in the rate of o; | [24] (Fig. 4).

change of energy leading to their stabilization and saturation,pregent Analysis:The above problem was analyzed by

which corresponds to the almost complete failure, Fig. 6(C)using the proposed DSC model and the associated finite
Example 2: Solder Ball Connect (SBC) Packagehe

SBC structure forms a second-level assembly in surfaagalysis by Corbin and the present analysis.
mount technology. Here, the solder ball is composed of1) In the present analysis, the behavior of the solders is

(90% Pb-10% Sn) with (63% Pb-37% Sn) solder fillers. This

element procedure [7], [8]. There are differences between the

simulated by using the DSC model which allows plas-
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Fig. 10. Computed displacements and comparisons with previous FE analysis [22] and test data [24]: (a) axial displacement and (b) shear displacement

tic yielding, and disturbance which allows for internal of the effect of different solder ball spacings (1.00, 1.27,

microcracking and resulting degradation of the strength  and 1.5 mm) on the response of the system.

of the solders. 3) In the present analysis, the FE procedure used is two-
2) The dimensions of the module/ball-arrays/card system dimensional plane strain idealization. However, to re-

are somewhat different. Corbin [22] considered ax25 duce computational effort, the analysis was performed

25 mm SBC module, which represented one-quarter of  using two levels, macro and micro. In the macro level,
a 19 x 19 array of solder balls spaced 1.27 mm apart  half of the structure was idealized; Fig. 8 shows the
(center to center). In the present analysis the structure FE mesh with 4-node elements for typical solder ball
analyzed was smaller, 2¢ 21 mm, as reported in [23]. spacing of 1.27 mm, with 360/304 nodes/elements. The
Also, the present study includes a parametric evaluation IBM RS/6000 computer at Cornell Theory Center was
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Fig. 11. Distribution of disturbance in solder ball for 1.27 mm spacing at different thermal cycle’: £a)100, (b) N = 500, and (c)N = 873.

used for the FE calculations. Then the results from tremputational effort required for performing the macrolevel

macro model were used to perform detailed analysis aalysis for all cycles, and as a simplification, the amplitudes

the micro level which involved single solder ball; thedetermined from the first thermal cycle were used for all

FE mesh for typical ball spacing is indicated in théhermal cycles in the micromodel.

subsequent Fig. 11. Analysis of ResultsFig. 10 shows computed axial and
4) The molybdenum and copper pads at the top and bott&hear displacements for different ball spacings. Finite element

of the ball are not included in this analysis. This is dongesults obtained by Corbin [22] and experimental data from

to simplify the analysis, and also because failure is oftdauo [24] are also shown for comparison. The present analysis
initiated in the filler and not in the pads. shows satisfactory correlation with the test data. A part of

Details: In the macrolevel. the tem was biected the difference can be due to the fact that the size of the
s Vel, Sys was subj trsﬁodule [23] analyzed here is smaller than that used by Corbin

a single (first) thermal cycle, Fig. 9(a). The resulting sheat,; i, e |aboratory tests. Also, the displacements from
(translation) and normal (axial) displacements were compu present analysis are greater partly because the effect of
for application at the mid-plane of the extreme solder ballisyrhance (microcracking) is included in the DSC model
typical results for the ball spacing of 1.27 mm are shown ifseq. Furthermore, the present analysis is two-dimensional,
Fig. 9(b). whereas Corbin [22] used three-dimensional analysis for the
Fig. 10 shows computed axial (normal) and shear displaggq|l. Fig. 10 shows that the displacements are smaller for
ments from the macro model, which were applied to the sintd¢naller via spacings. However, as the spacing increases, it
ball in a number of thermal cycles faV = 1000. It is appears that the differences in displacements at higher spacing
recognized that the displacement amplitudes would chang@d to diminish.
(increase) with thermal cycles due to plastic deformations Disturbance growth and localization with thermal cycles
and microcracking with cycles. However, in order to reducsere computed for the three ball spacings. However, in view
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Fig. 12. Plot of the number of cycles to failure versus via spacing for three ball spacings.

of the space limitations, only typical distributions for the balteramic chip materials. The DSC model is implemented in
spacing of 1.27 mm afV = 100, 500, andN; = 873 are a nonlinear finite element (FE) procedure that allows a wide
included in Fig. 11. The localization of disturbance initiateeange of models, elastic, thermoplastic, and thermoviscoplastic
near the top left and bottom right corners of the ball andith disturbance. The FE procedure is used to analyze two
propagates with cycles; this localization grows along the filleproblems in electronic packaging: Leadless Ceramic Chip
Note that the displacement neutral axis in Fig. 11 on the rig8arrier, and Solder Ball Connect package. Here, results from
side is reversed. The trends of the growth of disturbantge thermoviscoplastic and thermoplastic analysis with dis-
and localization compare well with that of strains reportetirbance (microcracking and degradation) are compared with
by Guo [24] and Corbin [22]. It is assumed that the criticadxperimental data and a previous finite element analysis. The
disturbanceD. = 0.90. Fig. 11 shows that at abaid; = 873 results permit evaluation of stresses, strains and disturbance
for the 1.27 mm spacing, the growth @i. has extended to with cyclic thermal loading. Identification of growth of distur-
the major part, about 80 to 90% width of the ball. A plot obance with cycles permits tracing of microcracking and fatigue
number of cycles at failureyy, versus ball spacing is shownfailure based on the critical disturbance. This can lead to design
in Fig. 12; it can be seen that the values'of decrease as the and reliability analysis in electronic packaging.

spacing increases. In other words, a package with a smaller
ball spacing can sustain greater number of thermal cycles.
Similar and additional research can lead to reliability and
optimized analyzes as affected by significant design factors. )
The present analysis for SBC does not include creep effectsThe authors would like to thank Dr. T. Kundu, CEEM
Notwithstanding this, the analysis from the elastoplastic withePartment, University of Arizona, Tucson, Dr. D. Frear,
disturbance characterization for the solders, the results yisigndia National Laboratory, Albuquerque, NM, Dr. E. Suhir,

satisfactory prediction of the thermomechanical response A¥&T Bell Labs, Murray Hill, NJ, and Dr. M. Cole, IBM
the SBC package. Research Center, Hopewell Junction, NY, for their assistance

and input.
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