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ABSTRACT

Miniaturized electronic assemblies have emerged that bring about new
reliability challenges and, in some cases, have revived the concerns of
leadless ceramic carriers on organic substrates. Many chip scale packages
are leadless, have alow coefficient of thermal expansion and alow stand-off
height. Typica assemblies are very fine-pitch with micro-solder joints
having small load bearing areas. The above attributes may be detrimenta to
long term solder joint integrity and suggest that reliability be looked at
carefully, more so than with conventional surface mount assemblies. This
paper presents package and assembly thermal stress/ reliability models that
can help tackle those problems and ensure that assembly reliability is built-in
during the early stages of product design. The models have been
implemented in a PC-based design-for-reliability tool that enables quick
parametric studies on chip, package, board and assembly parameters.

INTRODUCTION

Solder joint reliability may be defined as the ability of solder joints to
provide interconnect electrical continuity throughout the intended design life
of an eectronic assembly. Under thermal loading conditions, solder joints
fall in a fatigue / wear-out mode. Fatigue is driven by cyclic strains and
stresses imparted to the solder joints by mismatches in Coefficients of
Therma Expansion (CTE) between the interconnected parts. The goal of
reliability studies is to ensure that wear-out failure rates do not exceed
specified failure levels for a given application. Engineering models have
been developed (e.g. [1, 2]) that enable upfront life predictions and capture
the main effects of design parameters and material properties on assembly
reliability.

Studies [3, 4] have shown that the silicon contents and the multilayer
construction of Ball Grid Array (BGA) and other low profile packages have
a significant impact on assembly reliability. Similar concerns hold for Chip
Scale Packages (CSP) with an even higher silicon contents. This paper
addresses some of the reliability issues of CSP assemblies and presents
engineering mechanics models that quantify the impact of CSP parameters
on assembly reliability. Geometry of the package / assembly construction
and measurement of material properties are critical input to the CSP
assembly models.

SOLDER JOINT LIFE PREDICTIONS

Solder interconnect reliability modeling has been the subject of intensive
studies for over 25 years [5]. Trade-offs between different models are in
terms of accuracy, applicability, validity, cost, availability, ease of use and
skills required. Models can be categorized based on the computational
resources needed to run them. Existing capabilities range from technology
specific, hand-held calculator models [5, 6] to PC-based [2, 7, §]
engineering mechanics models, finite element analysis on workstations [1],
and supercomputer research models[9, 10].

Solder Reliability Solutions (SRS) [2] is a PC-based model that wasinitially
developed for conventional surface mount assemblies. The model accounts
for plastic flow and creep of solder, and includeslocal CTE mismatch effects
and failure statistics. The correlation of accelerated test data uses inelastic
strain energy as a measure of cyclic damage (Figure 1). On the vertical axis,
the joint characteristic life scaled for the solder crack areaisthe inverse of a

two-dimensional crack propagation rate. The SRS model has been validated
over awide range of test conditions and for common families of components
assembled with eutectic or near-eutectic Sn-Pb.  The data is from 30
experiments and covers three orders of magnitude along the x- and y-axis.
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Figure 1: SRS correlation of test data (30 experiments).

Structural analysis in SRS uses simplified, one-dimensional engineering
mechanics models for board/component interaction. The analysis, presented
in details in [2], includes stretching and bending of parts for leadless
assemblies, and lead stiffness parameters for leaded components.  The
following sections describe the structural analysis procedures that were
developed to extend the model to two popular types of CSPs:

Flip-chip with underfill

Micro-BGA with compliant elastomer layer.

FLIP-CHIPWITH UNDERFILL

Assembly Model

The solder joint life improvement mechanism in flip-chip assemblies with
underfill is easily conceptualized. Since the in-plane thermal expansion
mismatch between die and substrate is taken up by shear of the solder joints
and of the underfill layer, the solder joints see lesser strains than in bare chip
assemblies.  To a first order, the shear stiffness of the underfill layer
determines the effectiveness of mechanical coupling between the die and
substrate. Thus, a higher modulus underfill material provides for improved
coupling and reduced shear strains on the solder joints. Engineering
mechanics provide the tools to quantify those effects, as shown below and in
appendix. The model that was developed for flip-chip with underfill [11]
assumes that the CTE of the underfill material is close to that of solder (asis
the case in most underfill assemblies) so the joints are not stretched in the
out-of -plane direction.
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Figure 2: Interfacial shear stresses at di elunderfill/substrate interfaces.

Figure 2 shows the assumed distribution of shear stresses, t(x), at the
underfill/die and underfill/substrate interfaces, as well as the shear forces (F)
and bending moments (M’s) exerted by solder joints on the die and substrate.
The solution of the strength of materias problem depicted in Figure 2 is
obtained by combining Hall’s model of LCCC assemblies [12] and Suhir's
theory of multilayer stacks and adhesive bonds [13] (see appendix). The
interfacial shear stress distribution in the underfill layer follows a hyperbolic
sine. The solder joint shear strain g and shear force F obey the following
stress reduction line equation:
F 1
+—_— = —
hyg K, R LDaDT @

where hy is the underfill or solder joint thickness, Ky is the assembly
stiffness, L is the Distance to Neutral Point (DNP) of the outermost corner
joint, Da isthe die to substrate CTE mismatch, DT is the temperature swing
and R isastrain or CTE mismatch reduction factor. Equations for Ky and
R are given in appendix. Both parameters depend on the thickness and
material properties of each layer of the tri-layer stack, as well as assembly
pitch and chip size. As shown in [11], when the modulus of the undefill
material goesto zero, Ky converges to the assembly stiffness for an assembly
without underfill and the strain reduction factor R goesto 1. Ky is larger
than the assembly stiffness K for an assembly without underfill because
mechanical coupling provided by the underfill layer stiffens the assembly. In
general, this decrease in compliance is offset by a much larger reduction in
the applied strain (R >> 1 when the underfill modulus is high enough).

The assembly stiffness, Ky, the effective CTE mismatch Da/R and the stress
reduction line equation (2) are used to generate solder joint hysteresis loops.
Figure 3 is a schematic of isothermal stress reduction lines in the force
versus strain plane. For assemblies without underfill, the maximum applied

strain is Qpay = LDaDT , the maximum applied force is proportional to

u
KDag, and the strain energy, or area of the triangle under the stress reduction
line, goes as K(Dag)?. For the same assembly with underfill, the maximum
effective strain that is seen by the solder joints is gpq /R, the maximum

shear force goes as K;Da /R (which is less than KDa, in general), and the
strain energy goes as KU(Da/R)2 . Using a dtrain energy criterion for
solder fatigue, the mechanics of solder joints suggest a potentially significant

improvement in fatigue life for assemblies with underfill compared to
assemblies without undefill.
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Figure 3: Solder joint isothermal stress reduction lines for assemblies with
and without underfill.

Application and Verification of the Underfill Model

The underfill model was applied to a silicon on ceramic test vehicle for
which moiré displacements fields were measured by B. Han et al. [14].
Young's modulus for the underfill material (Ey) was not known so the
model was run for values of E; typical of existing materials (Ey = 0.9, 1.4
and 2.0 Mpsi). Thermal loading was DT = -80°C from 102°C to room
temperature.
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Figure 4: Shear strain distribution in underfill layer of silicon-on-ceramic
test vehicle (DT = -80°C).

The predicted shear strain distribution in the underfill layer, from the center
to the edge of the chip, is plotted in Figure 4. Average shear strains from
moiré measurements are shown as triangles. The trend of predicted strains
agrees with the data. In the high strain region towards the edge of the chip,
the model fits best for Ey, = 1.4 Mpsi. Sources of discrepancy include
simplifications inherent to the strength of materials approach, uncertainties
in material properties, the possible temperature dependence of undefill
properties, and the absence of end fillet effects in the model. The resolution
of measured displacements and the approximation of displacement cross-
derivatives for strain calculations may also contribute to the discrepancy,
especialy in the low strain region. The agreement between predictions and
experiment is good and gives support to use of the mode for further
parametric studies. The strain reduction factor, R, and the resulting effective
CTE mismatches, Da/R, are given in Table 1 for the three assumed values of
Eu.
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Table 1: Strain Reduction Factors, R, and effective CTE mismatch, Da/R,
for Various Vaues of Underfill Modulus, Ey

E,(Mps) R Da/R
(ppm/°C)

0.9 5.04 0.83

1.4 6.64 0.63

2.0 8.42 0.50

As Ey increases, the underfill layer provides increased coupling between the
chip and substrate and the strain reduction factor increases from 5.04 to
8.42. The solder joints see an effective CTE mismatch under 1 ppm/°C,
over five times less than the CTE-mismatch of the assembly without
underfill (Da = 4.2 ppm/°C for silicon on alumina).

Underfill Delamination

The underfill model is applied to FCOB test vehicles from experiments
conducted by O'Malley et a. [15]. The reader is referred to [15, 16] for a
description of test vehicles, test conditions and failure analysis. Undexfill
delamination was the primary failure mode during air cycling and Liquid-to-
Liquid Thermal Shock (LLTS) from -55 to 125°C. Model input parameters
for boards and assemblies from the three vendors A, B and C [15] are given
in Table 3. Parametersin bold are from [15], with thickness of the underfill
layer taken as average gap heights (Figure 11 in [15]). Other parameters,
including Young's modulus of the underfill material, were given nomina
values. Vendor differentiating parameters in Table 2 are the board CTE,
Y oung’s modulus and the underfill layer thickness. The chip DNPwasL =
0.187".

Table 2: FCOB Test Vehicle Dimensions and Material Properties.

thickness  Young's Poisson’s CTE
(mil) modulus ratio (ppm/°C)
(Mpsi)
silicon die 20 29 0.3 2.8
vendor A:
board 18 0.652 0.3 18.8
underfill 4.6 1.0 0.28 NA
vendor B:
board 18 0.290 0.3 18.6
underfill 55 1.0 0.28 NA
vendor C:
board 18 0.319 0.3 231
underfill 4.2 1.0 0.28 NA
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Figure 5: Maximum shear stress versus cycles-to-failure.

Figure 5 shows that the calculated maximum shear stresses follow trends in
cycles-to-failure for the three assembly types and two test conditions. The
LTTS datais the average of cyclesto initia failure from eight lots that were
tested over a period of eight months (Figures 6 to 8 in [15]). For boards
from vendor C, the data is averaged over the first three lots since
performance was observed to degrade after three months due to process
related issues. The air cycling data for test vehicles type A and B is from
Figure 10 in [15]. Data for type C test vehicles is not included because the
ar cycle was conducted after performance degradation for type C boards
was noticed. The difference between air cycling and LTTS is attributed to
the statistical nature of cycles-to-failure, with the LTTS data being averaged
over severa lots and the air cycling data being from a single lot, as well as
differences in dwell times (5 minutes for LTTS, 20 minutes for air-to-air).
The correlations in Figure 5 cannot be used directly for predictive modeling
since the model does not capture the dynamics of delamination failures.
However, since solder joint failures are thought to occur in a short period of
time after underfill delamination begins, the calculated maximum shear
stress can serve as an indicator of delamination risk in comparative studies
looking at changes in design parameters and/or material properties.

Underfill Parametric Studies

As an application of the underfill model, parametric studies are conducted
for a generic assembly with a 15 mil thick die on 62 mil thick FR-4 (E, =
2.5x10° psi, n, = 0.28, a, = 16 ppm/°C). The underfill thicknessis 4 mil.
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Figure 6: Effect of underfill modulus on effective CTE mismatch and
maximum shear stress.

Figure 6 shows the effective CTE mismatch and maximum interfacial shear
stresses (DT = 100°C) as a function of the underfill modulus for a 10 mm
square (L = 0.278") die. For Ey = 0.4 Mpsi, the effective CTE mismatch is
less than 0.975 ppm/°C. Since the CTE mismatch for the bare chip
assembly is 13.2 ppm/°C, the strain reduction factor is R = 13.5. As the
modulus increases, the strain reduction factor increases further and so does
the maximum shear stress. Curves like those shown in Figure 6 are of useto
determine a range of underfill moduli for a given application. For example,
if an effective CTE mismatch of 1 ppm/°C is required to meet solder joint
reliability goals, and if the maximum interfacial shear stressis to stay below
1000 ps to meet interfacial strength requirements, then the undefill
modulus should be in the range 0.37 Mpsi to 0.65 Mpsi.

Figure 7 shows die size effects for a fixed vaue of the underfill modulus.
For die sizes in the range 5 to 20 mm square, an underfill materia with
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modulus Ey = 0.7 Mps provides enough tiffness to reduce the CTE
mismatch from 13.2 ppm/°C to an effective mismatch of 1.2 ppm/°C or less.
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Figure 7: Chip size effects.

The effective CTE mismatch decreases as the chip size increases since a
larger chip provides a larger underfill coupling area. However, the thermal
expansion mismatch per unit of temperature change, given by L* Da«s on the
secondary axis of Figure 7, remains about constant and the underfill layer is
effective in decoupling the die from the board independent of die size. A
similar conclusion was reached by Tsukada [17] based on more detailed
finite element studies.

MICRO-BGA MODEL
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Figure 8: Schematic of micro-BGA package model.

Figure 8 is a schematic of half of a micro-BGA package, where a low
modulus compliant elastomer layer provides for decoupling between the
silicon die and the package substrate (metal layers + dielectric). During
thermal cycling, the compliant elastomer layer, with a'Y oung’s modulus of a
few hundred psi, is essentidly in shear. Shear is driven by the CTE
mismatch between the die and the package substrate, as well as externa
forces and moments that the solder joints exert on the package.

Figure 9 shows the shear stress digtribution, t(x), in the elastomer layer,
forces and moments exerted by the solder joints (Feint, Mjoint) and internal
forces and moments (P,(x), Mi(x)) in a vertical cross-section of the package.
Stresses and strains in the micro-BGA package are solved for by using
existing theories of multilayer stacks and adhesive bonds. The solution
follows steps similar to the mechanical analysis of flip-chip assemblies with
underfill. Details of the model will be presented in [18]. The effective
package CTE that is seen by the solder joints is derived from calculated

strains on the bottom side of the package. For assembly iffness
calculations, the stretching and bending stiffness of the package are obtained
as functions of chip size, geometry and material properties of the different
layers of the package.
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Figure 9: Internal stressesin micro-BGA package.

The micro-BGA model was applied to a generic micro-BGA mounted on a
0.062" FR-4 board and with a 15 mil thick die. Materia properties that
were used are from [19]. Figure 10 shows the effective package CTE and
assembly dtiffness as a function of thickness of the compliant elastomer
layer. The effective package CTE increases and the assembly stiffness
decreases as the elastomer thicknessincreases. The elastomer layer hasto be
thick enough to provide an effective package CTE that is close to the CTE of
FR-4 boards. For athickness of 6 mil, the effective CTE isin the range 15.7
ppm/C (10 mm die) to 14.5 ppm/C (15 mm die). Beyond 6 mils,
incremental gains in effective CTE and assembly compliance are limited.
Nevertheless, with a minimum thickness of the compliant elastomer, the
package-to-board CTE mismatch and the assembly tiffness are greatly
reduced when compared to the situation of bare chips on FR-4.
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Figure 10: Micro-BGA effective CTE and assembly stiffness as afunction of
elastomer layer thickness.

Results of the above parametric study are in agreement with the conclusions
of finite element studies in [19, 20] and suggest that the micro-BGA model
quantifies the chip-to-board decoupling well. As with PBGAS, there is a
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chip size effect, the impact of which, as well as other parameters, have to be
evaluated on a case-by case basis. Further verification of the micro-BGA
model will be conducted as assembly reliability data becomes available.

DESIGN APPLICATION

In this section, we apply the previous CSP models to compare the attachment
reliability of bare die, flip-chip with underfill and micro-BGA for a given
use environment.

A 10 mm sguare, 15 mil thick silicon die is to be mounted on 0.062" FR-4
with an in-plane CTE of 18 ppm/°C. The board is for use in an outdoor
cabinet where the assembly experiences a daily temperature swing between
25°C and 55°C with long dwells of 710 minutes at the temperature
extremes. The question raised by the design team is. “What is the
attachment reliability for the three choices of CSP technologies: bare die,
Direct Chip Attach (DCA), i.e. flip-chip with underfill, and micro-BGA?"

The data input screens for the bare die assembly (11 parameters), flip-chip
with underfill (15 parameters) and for the micro-BGA package (23
parameters) are shown in Figures B.1 to B.3 (appendix B). Materia
properties are assigned nominal values from the literature. For the three
technology options, assembly parameters are assumed to be the same, with a
nomina package stand-off of 5 mil. The underfill materia has a Young's
modulus of 2 Mpsi and the 6 mil thick elastomer layer of the micro-BGA
package has a modulus of 1000 psi.
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Figure 11: Application-specific attachment reliability predictions for three
CSP technologies.

Figure 11 shows SRS attachment reliability predictions given as failure-free
times in the field. As expected, the bare die assembly has a very short life,
less than two months.  Attachment reliability is greatly improved for the
other two technologies, with failure free lives greater than 10 years for DCA
with underfill and over 18 years for the micro-BGA assembly. It is
important to note that the above predictions are application dependent and
results will change for another set of design parameters and materia
properties. However, since the model computations are quick (afew seconds
on a low-end personal computer), parametric studies can be conducted
rapidly for other combinations of materials, geometry, and use conditions.

CONCLUSIONS

Strength of materials models have been developed in an attempt to capture
the effects of die/board interaction on CSP attachment reliability. Model
input includes from one to two dozen parameters depending on the package
type. This makes material characterization an important aspect of the life

prediction process since material properties are process dependent and are
not always available in industry standards.
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APPENDIX A: FLIP CHIPWITH UNDERFILL MODEL

We use a strength of materia approach to quantify the mechanics of flip-
chip assemblies with underfill. For smplification, we only model a dice of
the assembly of width the assembly pitch, P, in the diagonal direction of the
die. The model assumes that the die and substrate have different in-plane
CTEs and that the CTE of the underfill material is close to that of solder.
That is, in-plane thermal expansion mismatch, which is accommodated in
part by stretching and bending of the assembly, is the primary driving force
for solder joint deformations but the joints are not stretched in the out-of-
plane direction.

Model Formulation

Solder joints are subject to shear forces and moments at the joint/die and
joint/substrate interfaces as in Hall's model of Leadless Ceramic Chip
Carrier (LCCC) assemblies [12]. The stress/strain solution in the underfill
assembly is obtained by applying Suhir’s theory of adhesive bonds [13] to a
tri-layer assembly subject to a temperature swing DT* and external forces
and moments that arise from the solder joint connections. In genera, the
underfill layer has higher axial compliance than the die and substrate
because of the lower modulus of the encapsulant and/or the smaller thickness
of the underfill layer. Under those conditions, and when the substrate is not
CTE-matched to the die, Suhir [13] showed that the mechanical response of
the assembly is independent of the CTE of the adhesive material and that the
adhesive layer is in shear. Thus, we can neglect thermal strains in the
underfill and coupling between the die and substrate is controlled by the
shear stiffness of the underfill layer.
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Figure A.1: Free body diagrams of solder joint and tri-layer stack.

Figure A.1 shows free-body diagrams of the substrate/underfill/die tri-layer
assembly and of an outer-most corner joint at a distance L from the neutral
axis. During thermal cycling, shear forces, F, and moments, M¢ at the top
and Mg at the bottom, arise at the solder joint interfaces. The free-body
diagram of the tri-layer assembly (Figure 2) without solder joints shows

DT =T - To where T is the current temperature and T, is an arbitrary
reference temperature.

equivalent forces and moments on the mid-plane of the die and substrate of
thickness h; and h,, respectively. Equilibrium of moments for the solder
joint gives:

Mc +Mg =Fhy (A1)
where hy isthe solder joint height or the thickness of the underfill layer. The
solder joint shear strainis:

Upg-Ue L

hy r(L)
where Ug and Uc are x-axis displacements of the solder joint at the substrate
and chip interfaces. The first term on the right hand side of (A2) isthe angle
of in-plane shear, the second term is the angle of solder joint distortion due to
bending of the assembly with aradius of curvaturer (L) at x = L.

(A2)

chip %T(x), M, ()

anderf } Ms(X)

board < T(0, My(x)
! X

Figure A.2: Forces and moments at a cross-section x of the assembly.

Figures 2 and A.2 show the assumed distribution of interfacial shear stresses,
t(x), and internal traction forces and moments, T(x) and M; = M;(x), in the
tri-layer assembly®. Traction forces in the die and substrate are self-
equilibrating because the underfill layer is in shear and does not carry
traction loads. The x-displacements at the bottom of the die and at the top of
the substrate are:

I, & hy x d

uy(x) = a,DTx +F1QT(x)dx - kyt(¥) +71 Ti) (A3)

Uy (4) = a,DTX - 2 AT()dx + Kt (x) - 12 39X (A4)
2 2 pQ 2 2 Qrn)

where | j and k; (i = 1, 2) are axial and shear compliance factors, h; and a;
are the layers thickness and CTEs, and r(x) is the length-dependent
curvature of the assembly. To afirst order, the compliance factors are k; =
hi /(3G|) fori= 1,2, | 1= (l-nl)/(El hl), | 2= (l-nzz)/(2 E, hz) WhereE. , G
and n; are Young's, shear moduli and Poisson’sratios. Thel , formulation
attempts to capture two-dimensional effects and assumes that the substrate
can be treated as an axi-symmetric, infinite plate as in Hal's model of
LCCC assemblies [12]. The axial compliance of the underfill layer is| y =
(1-ny)/(Ey hy) where Ey and ny are Y oung' s modulus and Poisson’ s ratio of
the underfill material. The condition |, >>1,, | , must be met for the
model to apply. The die and substrate displacements are accommodated by
shear of the underfill layer, thus:

U (x) - Up(x) = Kyt (¥) (A5)
where ky =2 hy / (3 Gy) is the compliance factor of the underfill layer in
shear [13]. From equilibrium of forces and moments:

T(x)=F +Pq(x) (A6)
My + M, + M, =HT(X) + (Mc +F%)+(MB+Fh72)-FH A7)
=HT(x)

2Subscripts are: i = “1” for the die, “U” for the underfill and “2” for the
substrate.
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hy

X
with g(x) = bLt(x)dx and H= % +h, + - The last three terms on the

right hand side of (7) cancel out because of equation (Al). The elastic
moment per unit width of the assembly diceis:

D

— =M, +M,, + M,)/P A8
™) My +M, +M,)/ (A8)
where D is the sum of flexural rigiditiess D = D;+Dy+D, where
Eh? _ E,h3 o
i = ———fori=1orU,and D, =—==-. Therigidity factors
12(1- my) 6(1- nj)

are formulated as in Hal's model of LCCC assemblies [12] with the
equation for D, assuming a substrate of infinite size. From equations (A6)
to (A8), the curvature of the assembly at any position x is:

1 H
— =——T(X A9
r(x PD (9 (A9)
1 FH -
Atx=L,T(x) =Fand — =—— . After subdtitution of (A6) and (A9)
r(ty PD

into (A3) and (A4), and of the latter two equations into (A5), the problem is
reduced to the following integral equation for t (x):
DaDT 6
=X
k o

t(x) - kz(‘gxq(x)dx =3E2§ ; (A10)

where Da =a, - a; and the eigenvalue k is given by: k2 :II(l+f),

with | =1+, k=ky+ky +ky, f =|h—'; and h=(h; +hy)/2.

Solution

The solution of (A10) is:
F  DaDT g sinh(kx)

t=&s- ==

P kk @ cosh(kL)
which satisfies the end moment and traction boundary conditions in each
layer of the underfill assembly. Having the shear stress solution in the
underfill layer, and using equations (A3) to (A9), we can caculate forces,
moments, stresses, strains, curvature and displacements in any cross-section
of the assembly. Compatibility of displacements at the solder joint interfaces
gives: Ug = uy(L) and Uc = uy(L) aslinear functions of F and DT, which we
then substitute, along with the above equation for r (L), into equation (A2).
We obtain the following equation of the solder joint stress reduction line at a
given temperature T in the force versus strain (F-g) plane:

(A11)

hyg +—— =~ LDaDT (A12)
Ky R
where the assembly stiffness, Ky, isgiven by:
. R N
i:Lga? +h_H_ kzklzg tanh(kL) N hy >Hu (A13)
Ky P D o kL D g
with ki, = k; + ko. The strain or CTE mismatch reduction factor, R, is:
R :; (A14)
tanh(kL) &  ky, 0
kL k o

Equation (A12) shows that the underfill layer provides strain relief in the
solder joints by constraining the expansion of the die and substrate and
reducing the actual CTE mismatch, Da, to an effective mismatch, Da / R.
Equation (A13) for the assembly stiffness parameter is written as:

1 1 1 1
—_— = +

KU K1,U KZ,U KS,U

- Cy (A15)

where: 1 _14d tanh(k) 1 _ 1oL tanh(kt)
Ky P kL Koy P KL
1 _ LHe tanh(kL) k%ky,L tanh(kL)

5
—= ———=+hyz, Cy=—==
Ksy PD& kL Vs VTP KL

From (A15), the assembly with underfill has the stiffness of three springs® in
paralel (Kiu, i = 1to 3), the compliance of which is reduced by a factor Cy

due to mechanical coupling of the die and substrate.

3Spri ng constants are given on a per joint basis.
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APPENDIX B: INPUT DATA SCREENS AND MATERIAL PROPERTIES FOR EXAMPLE APPLICATION

= Leadless Carrier Assembly
[LE e DY LOECE TYFE {EADLESS ASSEMELY
" Component :
Half-diagonal, DMP [inch]: 0.278 N':Tu“al 2l DHP "
Pitch [inch]: 20e-3 :
Floor thickness [inch]: 15e-3 Component Sl it
oung ‘s modulus in bension [pei: 27eh
foung ‘s modulus in fesure [pei): 27ek
Poisson ‘s ratio; 0.27
" Board
Thickness [inchl 0.062 STIFFNESS RESULTS [LB/IN)
0 - : o " Parallel zpring constants
oung 'z modulus in tension [psil: 2 hek
Vourg 's moduls in flesure (psik > 585 Board stretching, K1 2.420e04
Paisson s ratio: : 0'2: Component stretching, K2: 3.991e04
' - Board/component bending, K3: 4.432e03
hzslf;mh.h',' ¢ heiaht finchl: [ Assembly stiffness
oider joint height (inch}: Se-3 Equivalent spring constant, K 3.460e03
(® Single-sided O Double-sided

Carmpute £ update
stiffness parameters

IF Copy data and azsembly
R
whe | stiffniess into pre-processor

E | Erase all data
2 | Press for instructions

Cancel

Figure B.1: Input data for bare die assembly.

bl DIRECT CHIP ATTACH ﬂ ¥
[ ELTULELRAEDITT FLIF EHIF WiTH UNDERFILE ASSEMELY
Component )

Hal-diagonal, DNP finchi: 0.278 Hedielase o
Fitch [inch]: 0.020 “
Floor thickness (inch): 0.015 Salder joint
“'oung 's modulus in tension [pzi: 27eb
Young 's modulus in flesure [psi): 27e6
Paizzon 'z ratio: 0.27
Component CTE (ppm/CJ: 2 8e-6

" Board STIFFHESS AND CTE RESULTS
Thickness [inch]: 0.062 [ Parallel spring constants (Ib/in)
Young 's modulus in tension [psi) 2 Rek Component stretching, K1U: 2.997e05
“Young ‘s modulus in flexure [psil 2 5eb Board stretching, K2U: 1.817e05
Paisson s ratio: 0.28 Board/component bending, K3U: 1.930e04
SO e 18¢-6 " Assembly stiffness (Ibin)

'Assemh.lj_,l - Eguivalent spring constant, KL 3.181e04
Salder joint height [inch]: Se-3
Underfil ¥ oung's modulus (psil 2.eb [ CTE results
Underfill Poiszon's ratio: 0.3 Strain reduction factor, A: 45.00
@ Single-sided () § Equivalent component CTE [ppm/C): 1.77e-05

Compute / update
stiffness parameters

£l Copy data and aszembly
=7 | stiffiezs into pre-processor

E | Eraze all data
2 | Press for instructions

Figure B.2: Input data for flip-chip with underfill assembly.
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= Micro BGA Assembly BB
TENTER/EDIT TENTER/EDIT MULTILAYER DATA
Thickness “Young's Poigson's  CTE [/C)
finch]  mod [ps]  ratio
Component
Outer-most cormer joint DMP [inch]; 0.278 Dielectnz film || 223 45 0.34 176
Pitch (inch): Metal layer 073 [176 |03 17e5
Package thickness (inch); 2 370e2 E.c:lrnpllath layer |6e-3 1e3 0.43 180=6
Silicon die 153|276 0.27 286
" Board
Thickness (inch]: 0.062
“foung 's modulus in tension [ps): 2 Bef
oung ‘s modulus in fesure (pail: 2 Rek | AT BEA MU THAYER STACK
Paizzon ‘s ratio: i) ;
" Assembly silicon die
Salder joint height (inch): | Compliant layer
@ Single-sided O Double-sided ':';‘::
rMENU STIFFHESS AND CTE RESULTS
@ Compute / update stiffness E Erase all oK Azsembly stiffness K [Ib/in): 1.449e+03] +
and CTE parameters data Board stretching K1 [Ib/n]:
F #]| Copy data, assembly stifness 5 | Pressfor Eomp.onenl strebching K2 (bin): 1.541e+03
and CTE s into pre-processor. = | instuctions Qancell Effective global CTE [/C): 1.560e-05 | #

Figure B.3: Input data for micro-BGA assembly.
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