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Thermal gap pads are widely used for effective heat transfer from high-heat-dissipating components to a heat sink. The initial
contact pressure of thermal pads is an important parameter for enhancing the heat transfer capability of thermal design during
the assembly process of the heat sink. However, this causes stress on the solder joint of the component as a result of the pad’s
inherent resistance to deformation. In this study, we investigated the effect of thermal pad on the fatigue life of the solder joint
of CCGA 624 package for space usage. A random vibration fatigue test for several specimen assembly sets with various
pressurization levels of thermal gap pads was performed, and their fatigue lives were compared with that of the package without
the initial pressure of thermal gap pads.

1. Introduction

Highly integrated electronic packages such as a ball grid array
(BGA), small outline package, and column grid array (CGA)
offer several advantages for space applications owing to a
drastic reduction in size and weight and efficient utilization
of accommodation area of a printed circuit board (PCB)
[1–3]. These packages are subjected to various forms of
mechanical loads during the launch phase, such as a quasi-
static load due to the engine thrust, a sine vibration due to
the main engine cut-off (MECO) and pogo oscillation, a ran-
dom vibration due to the noise of the exhaust, turbulent flows
along the launcher, and shock loads induced by the activation
of the pyro-device [4]. In addition, these packages are also
subjected to thermal stresses due to a mismatch between
the thermal expansion coefficients of the different materials
of the electronic equipment, induced by the on-orbit thermal
cycling environment. Among these, random vibration is a
main cause of failure in electronics [5] because a relative

displacement between the package and PCB due to the repet-
itive bending behavior of the PCB incurs a fatigue fracture on
a solder joint, which connects the package to the PCB.

Several previous studies have focused on securing the
mechanical safety of a solder joint under vibration excitation
by applying mitigation techniques to the package, such as
applying an underfill or dummy solder balls [6–8]. Kim and
Hwang [6] investigated the effect of underfill on the fatigue life
of a plastic ball grid array (PBGA) package for space usage
under random vibration excitation of the launch. Fatigue test
results indicated that the underfill remarkably improved the
structural safety of the solder joint by reducing its stress under
random vibration. Jang et al. [7] investigated the effect of
dummy solder balls on the fatigue life of a solid-state drive
(SSD) under harmonic vibration excitation. The dummy solder
balls replaced the functional solder balls at the outmost corners
of the package that were vulnerable to the vibration environ-
ment. The results of the fatigue test under harmonic vibration
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showed that applying dummy solder balls improved the fatigue
life of the given SSD by 4.5 times by reducing the stresses on the
functional solder balls. Uppalapati et al. [8] investigated the
sensitivity of three critical PCB design factors on the mechani-
cal safety of the solder joint of a flip-chip ball grid array under
vibration during shipping. The results showed high sensitivity
with respect to the location of the package on the PCB, trace
routing orientation of the PCB under the package, retention
mechanism design, and mass of the heat sink.

These highly integrated electronics with higher compo-
nent density and advanced functional capability generate
considerable heat during their operation. Thus, a proper
thermal management of high-heat-dissipating packages is
important to prevent failure of spaceborne electronics used
in a severe space thermal environment. In general, thermal
gap pads act as essential hardware for heat sink implementa-
tion by enabling heat transfer path between the high-heat-
dissipating packages and a heat sink to avoid an excessive
increase in temperature during their operation [8, 9]. The
heat transfer capability of the thermal pads can be enhanced
by controlling the initial contact pressure level of the pads
during the assembly process of heat sinks. For example, the
thermal conductivity of thermal gap pads (THERM-A-GAP
G579, Parker Chomerics Co.) with 50% deflection in thick-
ness direction is 1.23 times higher than that of the pads with
10% deflection [10]. This deflection allows the thermal pads
to effectively maximize the rate of thermal transfer by filling
both micro- and macrogaps between the components. How-
ever, the high pressure induced by the deflection of the pads
also causes stress on the solder joint of the component.
Bruzda [11] performed stress-strain measurements for sev-
eral sets of pad assembly conditions to determine the extent
to which they affected the stress levels reached during the
test. The results showed that stress can be controlled by mod-
ifying the assembly process to take advantage of the stress
relaxation properties of the pads and design to allow unim-
peded lateral movement of the pad. Chiu et al. [12] investi-
gated the effect of compression load of thermal pads on the
fatigue life of a BGA solder joint under a thermal cycling
environment. The results of the thermal cycling test and
finite element analysis showed that the fatigue life of the sol-
der joint drastically decreased depending on the level of com-
pression load due to the acceleration of creep behavior of a
solder ball. Lee [13] measured the thermo-mechanical creep
and stress relaxation properties of silicone thermal gap pads
through experimental tests using a dynamic mechanical anal-
ysis. The experimental results showed that stress relaxation
resistance can be reduced by controlling silicone chemistry.

On the other hand, the initial contact pressure of the pad
might be advantageous in terms of securing the structural
safety of the solder joint of the component in a vibration envi-
ronment by restricting the displacement of the component.
However, this has not yet been investigated in the previous
studies. Therefore, in this study, we focus on the effect of the
initial pressure level of the thermal gap pads from the view-
point of fatigue life of the solder joint of the packages under
a random vibration environment. For the experimental

validation, the PCB test specimens of CCGA 624 packages
with various pressure levels of 0%, 10%, and 50% for the ther-
mal pads were manufactured and exposed to random vibra-
tion excitation until the daisy-chain resistance of each
specimen exceeded the failure criteria. The test results indi-
cated that the initial contact pressure level of the thermal pads
affected the time to failure of the solder joints. In addition, the
time to failure was predicted by structural analyses of tested
specimens for investigating which phenomenon is the most
dominant in affecting the fatigue life of the solder joint. The
remainder of this paper is organized as follows. In Section 2,
an overview of the thermal design for CCGA 624 packages
using thermal gap pads is described. In Section 3, a detailed
description of the PCB specimen for the fatigue test is given.
In Section 4, validation of the test results, including cross-
sectional micrographs of the solder joints of the tested CCGA
packages and structural analysis results, are given. In Section 6,
some concluding remarks are given.

2. Application of Thermal Gap Pads

Highly integrated packages such as CCGA packages have
attracted considerable attention in the aerospace engineering
field, as well as various other fields such as military and com-
mercial electronics, because of the ever increasing demand to
improve functionality and compactness of electronic equip-
ment [14–16]. However, these packages typically generate
higher amount of heat compared to the conventional pack-
ages developed in earlier generation due to their high degree
of integration. Therefore, an efficient thermal control is
essential to preventing package failure caused by excessively
high temperatures during operation. The thermal gap pad
shown in Figure 1 is a thermal hardware that is widely used
for thermal control of high-heat-generating packages.
Figure 2 shows an example of the thermal design of the
CCGA624 package with the thermal pad, which is placed
between the package and heat sink to provide a heat transfer
path to reject the heat away from the package. The thermal
conductivity value of the pad can be controlled by adjusting
its compression ratio in the thickness direction through the
heat sink design. The pad used in this study is THERM-A-
GAP G579 of Parker Chomerics [17] and satisfies an outgas-
sing requirement for space use. The specifications of the pad
are listed in Table 1.

Figure 1: Configuration of the THERM-A-GAP G579 thermal
gap pad [17].
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Figure 3 shows variations in thermal impedance value
and compressive load of the thermal pad in accordance with
its compressive ratio until the maximum value of 50% guar-
anteed by the manufacturer is reached. To enhance the heat
transfer capability, the thermal impedance value can be
reduced from 4.89°C·cm2/W to 2.2°C·cm2/W by compressing
the pad. Figure 4 shows an example of the temperature con-
tour maps of an electronic package with thermal gap pad
applications, as shown in Figure 2, for a compression ratio
of 0%. Table 2 presents the maximum temperatures of the
CCGA package with pad compression ratios of 0%, 10%,
and 50%, respectively. On-board equipment faces the qualifi-
cation campaign to ensure the complete reliability during a
mission lifetime. The thermal qualification is performed by
cycling the equipment in a temperature range obtained by
adding a temperature margin (positive and negative) to the
nominal operating thermal range (design temperatures).
The results with compression ratio of 0% show that the max-
imum temperature of the CCGA package is 144.5°C. By
applying compression ratios of 10% and 50% to the thermal
pad, the package temperature can be reduced to 72.53°C
and 69.71°C, respectively. These results indicate that a more
effective heat transfer can be achieved by increasing the com-
pression ratio of the thermal pad, although only 2.82°C of
temperature reduction can be obtained with 50% compres-
sion ratio as compared to the 10% ratio. However, the com-
pression ratio of 50% requires a compressive static load of
82.37N on the pad, which is 11.7 times higher than that
required by the 10% ratio, as shown in Figure 3. Therefore,
in this study, we investigated the effect of the initial compres-
sive static load of the pad from the viewpoint of fatigue life of
the solder joint under a random vibration environment.

3. CCGA624 PCB Specimen and Fatigue Test

3.1. Description of PCB Specimen. To investigate the effect of
initial pressure level of the thermal gap pad on the fatigue life
of the solder joint under a random vibration environment,
the PCB specimens with the CCGA624 package shown in

Figure 5 were manufactured. A CCGA package was mounted
on the center of the PCB formed of FR-4 with dimensions of
100mm× 100mm× 2mm. The total mass of the PCB speci-
men was 51.09 g. The boundary conditions of the PCB con-
sist of a total of four holes for M3 screws. The solder
columns of 80Pb/20Sn were wound with a reinforced copper
ribbon to increase their mechanical safety under vibration or
thermal cycling environments. They were then soldered on
the PCB surface and package using a eutectic solder of
Sn63/Pb37. These solder materials have heritages for space
usage. The specifications of the CCGA624 package are sum-
marized in Table 3.

3.2. Description of Fatigue Test. Figure 6(a) shows a test set-
up for fatigue tests of PCB specimens under random vibra-
tion. The heat sinks, formed of aluminum 6061-T6, were
integrated on each PCB specimen shown in Figure 5 to apply
an initial compressive static load on the thermal pad located
between the heat sink and PCB, as shown in Figure 6(b).
Figure 6(c) shows an exploded view of the specimen assem-
bly. The compression ratios of the pads were controlled by
adjusting the height of the mechanical interface of the heat
sink. Therefore, the height of the mechanical interface corre-
sponding to a 10% compression ratio was 0.4mm higher
than that corresponding to a 50% ratio, considering the pad
thickness of 1mm. Here, the compression ratios of the pads
for each specimen were controlled by adjusting the thickness
of the heat sink. In the tests, we defined CG0, CG10, and
CG50 specimens, which correspond to the thermal pads with
compression ratios of 0%, 10%, and 50%, respectively. In case
of CG10, two specimen sets of CG10A and CG10B were used
for comparison of crack propagation rate on the solder joints
depending on time. All specimens were exposed to random
vibration in the z-axis until the test equipment detected the
fracture on the solder joint, but the CG10B specimen was dis-
assembled from the test set-up after 1-hour excitation for
comparison of the crack propagation rate on the solder joints
with that on CG10A. In this study, the vibration tests along
the x- and y-axes of the PCB specimens were not conducted.
This was because the major failure mechanism of the solder
joint occurred, which is the bending behavior of the PCB
due to the vibration excitation along the z-axis, as verified
in the previous studies [19–22].

The random vibration was implemented using an elec-
trodynamic shaker (LDS V8, Brüel & Kjær Co.). In the tests,
only one accelerometer was attached on the fixture to moni-
tor the input level of random vibrations during the test. This
was because there was insufficient space on the four specimen
assemblies for the attachment of the accelerometers, due to
the presence of the heat sink. In situ resistance monitoring
was performed to measure the time to failure of each package
during the tests. For ease of resistance measurement, daisy-
chain circuits were applied on the specimen packages, which
made the solder joints to be connected in series, as shown in
Figure 7. A data acquisition equipment (NI-9219, National
Instruments Co.) was used to monitor the resistance of each
package at a speed of 2 samples/sec. The initial resistance
value of each package was set to approximately 5.2Ω consid-
ering the measurement error range of the equipment. In the
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Figure 2: Example of thermal design for electronics using the
thermal gap pad.
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test, we defined the failure criteria on the solder joint as when
the daisy-chain resistance value exceeded 10.5 kΩ, which was
the maximum measurement limit of the equipment. Table 4
shows the specification of the input random vibration for the
specimens shown in Figure 6. The aim of the fatigue test was
to relatively compare the fatigue lives of CCGA624 packages
with various initial compressive loads of pads. Therefore, the
input random vibration of the shaker was considered as the
maximum available level of 28 grms.

4. Validation of Test Results

Figure 8 shows the test results of time histories for daisy-
chain resistances for each specimen. The specimens were

Table 1: Properties of THERM-A-GAP G579 thermal gap pad [17].

Typical properties Value Test method

Standard thicknesses (mm) 0.5~ 5.0 ASTM D374

Specific gravity 2.9 ASTM D792

Hardness (Shore 00) 30 ASTM D2240

Compression ratio (%, at various pressures)

At 34 kPa 22

ASTM C165 MOD
At 69 kPa 33

At 172 kPa 55

At 345 kPa 68

Continuous use temperature (°C) −55 to 200 —

Thermal impedance (°C·cm2/W, at 69 kPa, at 1mm thickness) 4.5 ASTM D5470

Coefficient of thermal expansion (ppm/°C) 150 ASTM E831

Outgassing (%, TML/CVCM) 0.19/0.06 —

Shelf life (years from date of manufacture) 2 —
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Figure 3: Compressive static load and thermal impedance for
various compression ratios of the thermal gap pad.

Node
>114.5
114.5
136.6
128.7
120.8
112.9
105
97.08
89.17
81.27
73.36
65.45
<65.45

CCGA624 package = 144°C

Figure 4: Temperature contour maps of CCGA624 packages with
0% compression ratio of the thermal gap pad.

Table 2: Maximum temperatures of the CCGA624 package with
various compression ratios of the thermal gap pad.

Compression ratio of
thermal gap pad (%)

Maximum temperature of
CCGA624 package (°C)

0 144.5

10 72.5

50 69.7

Figure 5: PCB specimen with CCGA624 package.
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exposed to the random vibration environment specified in
Table 4. The resistance value of the CG0 specimen rapidly
reached the 10.5 kΩ value defined as a failure of the solder

joint after 5.38 minutes of excitation. This specimen was dis-
assembled from the test set-up after 20min because the pack-
age could be excessively damaged if the test was continued.

Table 3: Specifications of CCGA624 package [18].

Item Value

Manufacturer Microsemi Corporation

Configuration

Column
Composition 80Pb/20Sn (with copper ribbon)

Dimension (mm) 2.21× 0.51 (height× diameter)

Package

Dimension 32.5× 32.5× 2.25
Number of column pins 624

Lead pitch (mm) 1.27

Total weight (g) 13.28 (including 2.36 g for solder columns)

JEDEC Registration JEDEC MO-158 VAR BE-1

Z

X

Y

CG10A(10% compression 
ratio of pad)

CG10A (50% compression
ratio of pad)

CG10A (10% compression
ratio of pad)

CG0
(without thermal pad)

Acceleration sensor
(shaker control)

(a)

PCB

Heatsink (with various heights of mechanical I/F in each specimen)

CCGA624 package

: Initial compressive static load

(b)

Heat sinkM3 screws (4EA)

Thermal gap pad

PCB specimen
with CCGA624

package

Test jig

Various heights
of mechanical I/F

as compression
ratio of pad

(c)

Figure 6: Random vibration fatigue test setup ((a) Overall view (b) Close-up view of the thermal gap pad (c) Exploded view).
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Since the resistance values of the specimens with thermal
pads were not varied during 20min, as shown in Figure 8,
they were exposed to random vibration for 10 h, with the
exception of the CG10B specimen, which was disassembled
after 1 h of testing, to compare the number of cracked solder
joints with those of the other specimens with pads. However,
their resistance variations were not observed until the end of
the test.

Figures 9(a) and 9(b) show representative examples of
metallographic microscope images of the fully and partially
cracked solder joints of the CG0 specimen after the test,
respectively. Figure 10 shows the total number of cracked
solder joints obtained from the metallographic microscope
inspections for each specimen. The CG0 specimen showed
73 fractured solder joints, including partially cracked ones
during the 20 minutes of random vibration. However, the
other three specimens also showed the cracks on solder
joints, although their resistance values were not varied during
the test. This is because the initial compressive static load of
the pad maintained the electrical connection of the daisy-
chain circuit despite the crack propagation on the solder
joint. However, the number of fractured solder joints of spec-
imens with thermal pads was much less than that without the
pad, as shown in Figure 10. The CG10A specimen exposed to
random vibration for 10 hours showed 26 fractured solder
joints, which is approximately 2.8 times less than that of

the CG0 specimen. In addition, 16 fractured solder joints,
which is 1.63 times less than that of the CG10A specimen,
were observed from the CG10B specimen during a 1-hour
progress. These test results indicate that the crack propaga-
tion on the solder joint was initiated at some point within 1
hour of the test. Finally, the specimen case of CG50 showed
27 cracked solder joints during 10 hours of the test, as shown
in Figure 10, which is a similar result as that obtained for the
CG10A specimen.

These test results indicate that the initial compressive
static load of the pad is more advantageous to guarantee a
structural safety on the solder joint under a random vibration
environment compared to that without a thermal pad. This is
because the initial compression load of the pad applied on the
package reduces the dynamic deflection of the PCB, which
incurs stress on the solder joint under random vibration exci-
tation. However, in the tests, the exact time to failure on the
solder joints could not be observed from the PCB specimens
with thermal pads due to the difficulty of failure detection on
the solder joint under initial static load of the pad by daisy-
chain resistance monitoring. Thus, we predicted the fatigue
life on the solder joint of the tested specimens with and with-
out the initial compressive static load of the pad through
structural analyses.

5. Numerical Fatigue Life Prediction on
Solder Joint

For fatigue life prediction of solder joints of tested specimens,
under conditions of an initial compressive static load of the
thermal pad in a random vibration environment, dynamic
responses of these specimens were analyzed by structural
analyses with the random vibration input profile specified
in Table 4. In this study, the specimen assemblies under var-
ious boundary conditions on the PCB were also analyzed for
prediction of the fatigue life of solder joints with varying
eigenfrequencies of PCB.
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Table 4: Specification of random vibration.

Frequency (Hz) PSD (g2/Hz)

20 0.404

2000 0.404
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Figure 8: Time profiles of daisy-chain resistances for each
specimen.
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Figure 9: Representative metallographic microscope photographs of the solder joint for CCGA624 package ((a) Full crack, (b) Partial crack).
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To calculate the fatigue life of solder joints, we used a
critical strain theory based on an empirical formula, because
the stress applied to solder joints is perpendicular to the
strain of the PCB adjacent to it [23]. The critical PCB strain,
ϵc, which corresponds to the maximum principal in-plane
strain of PCB from the area adjacent to the critical solder
joint, is defined as

ϵc =
ζ

C L
, 1

where C is the electronic packaging-type constant derived
from the multiple vibration tests and FEM-based studies,
and L stands for the length of the package. The value of ζ
can be calculated using the equation presented in the IPC-
WP-011 guideline [24], as follows:

ζ = 2 35
t

× 1900 − 300 × log ε , 2

where the t and ε are the thickness and the strain rate of
the PCB under vibration, respectively. The values of ϵc
calculated using (2) were further used to predict the num-
ber of cycles, N f , to reach the failure of the solder joint as
follows:

N f =Nc
ϵc
ϵpmax

b

, 3

where Nc is the critical number of cycles to reach failure,
which corresponds to 20 million cycles for random vibration,
as proposed by the Steinberg, and b is the fatigue exponent of
solder material obtained from the stress-life cycle (S-N)
curve. In case of the maximum in-plane PCB strain, ϵmax,

Heat sink
(Al6061-T6)

PCB (FR-4)
X

Z

Y

(a)

X

Z

Y

�ermal pad

PCB (FR4)

Heat sink (Al6061-T6)

Package (alumina ceramic)

Solder (Sn63-Pb37)

Solder pad (copper)

Solder pad (copper)

Solder (Sn63-Pb37)

Solder column (Sn20-Pb80)

(b)

Figure 11: Configurations of FEM ((a) Overall view, (b) Close-up view of the thermal gap pad).

X

Y

Z

: Boundary condition 1 (tested condition)
: Boundary condition 2
: Boundary condition 3

CCGA624
package

Figure 12: Various boundary conditions for structural analysis.

Table 5: Material properties for structural analyses.

Item Material Young’s modulus (MPa) Poisson’s ratio Density (kg/m3)

Column lead 80Pb/20Sn 20,000 0.36 10,200

Solder 37Pb/63Sn 29,367 0.36 8490

Solder pad Copper 128,000 0.3 8940

Package Alumina ceramic (Al2O3) 215,000 0.3 3620

PCB FR-4 18,600 0.13 1850

Heat sink Al6061-T651 68,900 0.33 2700
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the 2-sigma value of the root mean square (RMS) strain
was used. This value was chosen using a simple approxi-
mation method [5], which simplifies the calculation of
fatigue life under random vibration based on a three-
band technique with Gaussian probability distribution.
The RMS value of in-plane principal strain, εpmax

, can be
calculated as follows [25]:

εpmax
= 3 ×

εxrms
+ εyrms

2 +
εxrms

− εyrms

2
2
+ εxyrms

2
,

4

where εxrms
and εyrms

stand for the RMS in-plane normal
strains in x and y directions, respectively, and εxyrms

is the
RMS in-plane shear strain.

Figures 11(a) and 11(b) show the constructed specimen
assembly with the thermal pad finite element model (FEM)
for the random vibration analysis shown in Figure 6. This
model reflects the details of the package, solder, solder col-
umn, and solder pad configurations, as shown in
Figure 11(a). The thermal pad was simply modeled using a
CBUSH element to incorporate its stiffness and structural
damping ratio in accordance with the pad compression ratio.
The pad is connected with the PCB and heat sink using RBE2
elements, as shown in Figure 11(b). The model consists of
2,011,056 nodes, 302,860 CPENTA elements, 1,627,353
CHEXA elements, 1 CBUSH element, and 18 RBE2 elements.
In addition, three translational degrees of freedom (DOF)
were constrained on each screw hole of PCB and heat sink.
Table 5 summarizes the material properties used in the anal-
ysis. To predict the fatigue life on the solder joint of specimen
assemblies with various locations of constraint conditions on
the PCB, we defined three analysis cases in accordance with
the locations of the 3-DOF constraints, as shown in

Figure 12. Here, case 1 corresponds to the PCB having only
boundary condition 1 applied, which is similar to the test
conditions shown in Figure 6. Case 2 corresponds to the
PCB having boundary conditions 1 and 2 applied. Finally,
case 3 corresponds to the PCB having boundary conditions
1 and 3 applied.

To increase the reliability of the analysis results, the
FEM correlation of a bare PCB was performed. The effec-
tiveness of the correlation approach using bare PCB has
been validated by the previous study of Park et al. [26].
This was because the accelerometer attachment for the
specimen assembly with the thermal gap pad was difficult
to achieve, due to the presence of the heat sink and the
pad assembled on the package. The figure below shows
power spectral density (PSD) responses at the center of
the bare PCB, obtained from the analysis and test. The
1st eigenfrequency from the analysis results was 347.3Hz,
with a difference of 0.66% from the measured value. In
addition, the root mean square (RMS) acceleration was
115.8 grams, which was in good agreement with the mea-
sured value because the difference was only 1.61%. The
FEM of the PCB with the CCGA624 package was constructed
based on the correlation results of the bare PCB.

Figure 13 shows the results of the modal analysis, with
eigenfrequencies and mode shapes of the tested CG0 speci-
men. The global bending mode of PCB is observed along
the out-of-plane direction at the first eigenfrequency of
370Hz. This is the most dominant mode for the mechanical
reliability of the solder joint due to the largest relative dis-
placement between the PCB and the package. Figure 14
shows the variation of the first eigenfrequencies of PCB with
various pad compression ratios in each case. The results indi-
cate that the first eigenfrequency becomes higher as the com-
pression ratio of the pad increases. A 22.65% increase in PCB
eigenfrequency can be achieved at a 50% ratio of the pad. In
addition, the same effect was also observed for cases 2 and 3.

(a) (b)

(c)

Figure 13: Modal analysis results for PCB ((a) 1st mode: 370Hz, (b) 2nd Mode: 819.09Hz, (c) 3rd Mode: 1180.1Hz).
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This is because the stiffness of the compressed thermal pad
contributes to the increase in the equivalent stiffness of the
PCB assembly.

Figures 15 shows the results of random vibration analy-
sis, demonstrating the maximum values of the PCB in-
plane principal strain according to the compression ratio of
the pad in each case, respectively. The results indicate that
the maximum strain of PCB decreases with an increasing
compression ratio of the pad. For example, in case 1, the
maximum strain of the 639 μ-strain occurred from the PCB
at the 0% compression ratio of the thermal pad. By

compressing the pad at ratios of 10% and 50%, the maximum
strains become 527 and 443 μ-strains, or 17.53% and 30.67%
lower compared with those at the 0% ratio, respectively. This
is due to the reduction in PCB displacement in accordance
with its increased eigenfrequency with the pad initial com-
pressive load, as shown in Figure 14.

Figure 16 shows the fatigue life on the solder joint pre-
dicted based on the maximum PCB strains in each case
shown in Figure 14. In case 1, the predicted time to failure
of a solder joint with the thermal pad at a 0% compression
ratio is 3.43 minutes. This is similar to the fatigue test results
shown in Figure 8, although there is a 1.95-minute difference
between the prediction and the test. Thus, we concluded that
the predicted time to reach the failure of the solder joint
agrees well with the test results. In addition, this time for
the thermal pad at the compression ratio of 10% is 10.67
minutes, which is 3.11 times larger than that of the 0% ratio.
This indicates that the crack of the solder joint might be ini-
tiated at that time during the test. Finally, the time to reach
the failure of the solder joint at the 50% ratio is 29.1 minutes,
which is 8.49 times greater than that of the 0% ratio. These
results indicate that the fatigue life on the solder joint under
random vibration can be increased as the initial compressive
static load of the thermal pad increases. In addition, we also
confirmed that the fatigue life on the solder joint with the
thermal pad also increases even if the eigenfrequency of
PCB is higher than the tested one. However, the predicted
fatigue lives of the solder joints at a pad compression ratio
of 50% in cases 2 and 3 were 10.8% and 19.1% smaller than
that in case 1, respectively, although their in-plane PCB
strain responses decreased, as shown in Figure 15. This was
due to the acceleration of the fatigue cycle of the solder joints
in accordance with the increase in the eigenfrequency of the
PCB. These results indicate that this adverse effect should
be also considered when applying the pad to the electronics.
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Figure 14: 1st eigenfrequencies of PCB for the compression ratio of
the thermal gap pad in each case.
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Figure 15: Maximum principal in-plane strain of PCB in
accordance with compression ratio of the thermal gap pad in each
case.
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Figure 16: Fatigue life on solder joint for CCGA624 package with
respect to the fatigue life in each case.
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6. Conclusions

This paper investigates the influence of initial compressive
static load for a thermal gap pad, from the viewpoint of the
solder joint fatigue life in a random vibration environment.
For experimental validation, we manufactured the PCB spec-
imens with CCGA624 packages with the various compres-
sion ratios of thermal pads (0%, 10%, and 50%). These
samples were exposed to the random vibration excitation
until the daisy-chain resistance of each specimen exceeded
the failure criteria. The test results indicated that the initial
compressive static loads of pads affected the failure time of
the solder joints. However, in the tests, the exact failure time
of solder joints could not be observed through the daisy-
chain resistance monitoring, because the initial static load
of the pad maintained the electrical connection of the
daisy-chain circuit, even if the solder joint was cracked
during the test. Therefore, the solder joint fatigue life for
the tested specimens was predicted through the structural
analyses. The analysis results indicated that the presence of
a compressed thermal pad could increase the fatigue life on
the solder joint due to the restriction of the dynamic displace-
ment of PCB under random vibration.
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