
 

Abstract—The presence of voids in first-level interconnects 

(FLI) is an unknown reliability concern. This paper presents the 

study of void formation in the interconnects, the inspection 

capability of void detection and the reliability impact of the 

voids in electromigration, thermal cycle and thermal shock tests. 

The first phase of this work has made it possible to define 

process recipes that can consistently build test packages with 

and without solder voids. X-ray inspection has been used to 

determine the level of voiding in the test packages. The second 

phase of this work has focused on subjecting the test packages 

to the said reliability tests. A comparison has been made 

between test packages with solder voids and test packages 

without solder voids. A conclusion that can be derived from the 

test data is that test packages with solder voids performed worse 

in solder joint reliability compared to test packages without 

solder voids. 
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I. INTRODUCTION 

Voids in solder joints are a common defect in electronic 
assemblies. Much prior work has been done to study the 
impact of voiding in second-level interconnects [1], [2], but 
less attention has been given to voids in the first-level 
interconnects (FLI). As packaging technology evolves, 
increasingly complex packaging designs that utilize small 
micro-bumps to connect pieces of silicon together is becoming 
more prevalent. This necessitates an evaluation on the 
reliability impact of voids in the FLI.  

In the first phase of this work [3], process recipes that can 
consistently create test packages with and without solder voids 
were defined. Lead-free solder, Sn-3.0Ag-0.5Cu (SAC305) 
was chosen as the solder alloy. Test packages with and without 
solder voids were then built for solder joint reliability tests. A 
void inspection capability study was carried out using X-ray 
and computed tomography to determine the level of voiding 
in the test packages. In the second phase of this work, the test 
packages were subjected to three different reliability tests, 
namely electromigration, thermal cycle and thermal shock. 
Electromigration was used to assess the gradual migration of 
material in high current density structures such as in the first-
level interconnects. Severe electromigration can result in 
interconnect cavitation that will eventually lead to circuit 
failure. Thermal cycle and thermal shock were used to assess 
the effect of thermal expansion mismatch between the silicon 
die and the substrate. Differing material expansion can create 
high solder joint stresses at die corners and around the die 

edges. Voids in the interconnects could potentially become 
structural flaws that might lead to early joint fracture. A 
comparison was made to assess the solder joint reliability of 
test packages with and without solder voids under the said 
reliability tests conditions. 

II. RELIABILITY TESTS 

A. Electromigration 

Test packages with and without FLI voids were subjected 
to electromigration test according to the JEDEC standard 
JEP154. The test was conducted at a temperature of 150C with 
current density of 40kA/cm2 applied across the solder resist 
opening area. No surface treatment was added to the Cu pads 
to avoid having other metals like Ni or Au affect the 
electromigration results. Fig. 1 shows an image of the test 
package and the cross-section view of an interconnect. Both 
forward and reverse current flow directions were assessed in 
the test. The silicon chip has built-in daisy chains that link ten 
interconnects of interest together for electrical resistance 
monitoring during the test. A 10% resistance increase was set 
as the joint failure criterion. Tested packages were sent for 
void inspection using X-ray and a selected number of units 
were sent for cross-section analysis using Scanning Electron 
Microscopy (SEM) and Electron Backscatter Diffraction 
(EBSD). 

 

Fig. 1. Test package and the cross-section view of an interconnect. 

B. Thermal Cycle and Thermal Shock 

A different test package with similar package size, die size 
and interconnect structure as shown in Fig. 1 was used for 
thermal cycle and thermal shock tests. The test package has 
daisy chains at each die corner and around the periphery of the 
die edges. Test packages with and without FLI voids were 
subjected to thermal cycle and thermal shock tests in 
accordance with JEDEC standards JESD22-A104B and 
JESD22-A106B. An upper and lower temperature range of 
125C and -55C were chosen for both thermal cycle and 
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thermal shock tests. For thermal cycle, due to limitation at the 
test site, in situ resistance monitoring could not be carried out, 
hence a fraction of the total test packages was taken out from 
the thermal chamber at every 500x cycle count and manual 
probing of daisy chain resistance was carried out post-test. For 
thermal shock, which was carried out at a different test site, in 
situ resistance monitoring was implemented throughout the 
test durations. Tested packages were sent for void inspection 
using X-ray and a few units were sent for cross-section 
analysis using SEM.  

III. RESULTS AND DISCUSSION 

A. Electromigration 

Fig. 2 and Fig. 3 show the test results for forward and 
reverse current flow directions respectively. It was observed 
that the presence of voids reduced the average lifetime of test 
packages by approximately 57%.  

 

Fig. 2. Cumulative probability of failure for forward current flow direction. 

 

Fig. 3. Cumulative probability of failure for reverse current flow direction. 

 

Fig. 4. Cross-section and EBSD image quality map of an interconnect with 

solder void 

 

SEM analysis of a joint cross-section as shown in Fig. 4 
indicated that the presence of a void can create localized Cu 
reductions and hillocks right next to the void. In line with the 
known relation between electromigration anisotropy and Sn 
crystal structure orientation [4], Fig. 4 showed a higher 
diffusion rate at the right side of the joint where the EBSD 

image quality map confirmed that the c-axis of -Sn crystal 
structure is aligned with the direction of the current flow. 

B. Thermal Cycle and Thermal Shock 

Test results for thermal cycle and thermal shock are shown 
in Fig. 5. It was observed that test packages with solder voids 
had more failures toward higher cycle count beyond 1500x 
cycles whereas test packages without solder voids had no 
failures at the end of the test durations.  

 

Fig. 5. Fail rate for test packages with and without voids in thermal cycle 

(top) and thermal shock tests (bottom). 

IV. SUMMARY 

Test data from all three reliability tests showed that test 
packages with solder voids performed worse when compared 
to test packages without solder voids. The impact of voids was 
more apparent in electromigration, where the presence of 
voids reduced the mean time to fail by more than 50%. For 
thermal cycle and thermal shock, joint failures did not start to 
occur until after 1500x of thermal cycles. 
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