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Abstract

The High Density Packaging Users Group (HDPUG) Consortium has completed an experiment to investigate the effect of
non-filled microvias in SMT solder joint pads and the associated solder voids on Pb-free solder joint reliability. Solder joint
fatigue life for identical components soldered to pads with and without microvias was compared using air-to-air thermal
cycling. Testing was carried out using three different BGAs having solder ball sizes ranging from 0.46mm diameter to
0.89mm diameter as well as a 72 1/0 QFN. Weibull plots of the failure distributions are presented along with failure analysis
and correlation of void size as measured by X-ray and observed cycles to failure.

Background

Voidsgfrom solder joints have shown to have an impact on solder joint life"***°>®, The impact of the void varies depending on
the size and number of the void(s), and in particular the location of the voids relative to the crack or failure path. Microvia in
pad constructions using non-filled (conformal) microvias result in a small void associated with the microvia in pad’. With
SnPb soldering, microvia in pad constructions, when properly fabricated, the associated small voids located at the base of the
solder joint have virtually no impact on BGA thermal cycle reliability as shown in the example of figure 18. This is believed
to be primarily due to the failure location almost always is on the package side of the component, away from the small void
formed above the microvia as shown in Figure 2. With Pb-free SnAgCu (SAC) solders, the failure location is still most often
on the component side of the solder joint, but is found on the board side of the solder ball much more frequently than with
SnPb soldering. Additionally, SAC solder is stiffer than SnPb solders and has significantly different physical properties. This
greater stiffness changes the distribution of stresses in the solder joints during thermal cycling. For these reasons, one might
expect microvia associated voids to have a greater impact on Pb-free solder joints than on SnPb joints. The purpose of this
study is to determine whether microvia-in-pad construction negatively affects thermal cycle reliability of SAC solder joints
and, if so, whether increased voiding characteristic of this construction is a causative factor. A positive finding would
support the need for using an alternative to conformal microvias *****2*2 sych as epoxy filled and capped or copper filled
microvias that eliminate the void associated with the microvia. Implementing such alternatives would result in a cost penalty
at fabrication (typically ~5-6% but board design dependent) compared to conformal microvias and would reduce the supplier
base to only fabricators capable of providing the filled microvias.
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Figure 1: Weibull Plots of air-air thermal cycle results on a 0.8mm pitch 4810 BGA from 3 nearly identical artwork
boards with minor differences in construction of outer layers assembled at the same time with SnPb solders. Two of
these constructions (SLC and RCC) had microvia in pad (conformal). The all FR4 construction did not.

Figure 2: Example of a conformal microvia in pad and associated void in a SnPb assembly after thermal cycling.
Fatigue crack is away from the void.

Overview of the Testing

The project goal was to determine what effect, if any, microvia-in-pad construction has on reliability of BGA and QFN SAC

solder joints as characterized by air-to-air thermal cycling and whether the increased incidence of voiding characteristic of
this construction has a causative relationship.



This was accomplished by building a test vehicle with both microvia-in-pad and no via-in-pad, thermal cycling to failure and
comparing the results. BGAs with 3 different solder ball sizes and a QFN package were used for the evaluation.

Test Board Design
The test board was designed to have 4 each of 4 different component types. Table 1 lists the Bill of Materials (BOM) with
details on the component types, die sizes, and ball sizes for each type. Components were chosen to represent different solder
ball diameters. The solder ball diameter of the 0.8mm pitch BGA is within the typical range of solder ball diameters also
found on 1mm pitch BGAs. Two of each component type were designed with a microvia in the SMT pad. The other 2 were
designed with a fan-out to a microvia as shown in figure 3. Figure 4 shows a detailed example of the footprint and via fan-out
for the BGA 192 component. The daisy chain connections were all on layer 2 of the design. The nominal board component
pad sizes for each component are as follows:

CBGAA483: .0285 inches diameter

BGA192: .014 inches diameter

BGA84: .010 inches diameter

QFN72: .011 x .049 inches

Table 1: Test Board Components, 4 each per board

Part Type Body | Die Size (mm) Pitch Solder Solder | Supplier Comments
Size (mm) Ball Size Ball
(mm) (mm) Alloy
NTK (Solder
Balls added at Ceramic. Supplied
CBGA 483 29 x 29 NA 1.27 0.89 SAC405 Premier as LGA.
Semiconductor)
12.065 Practical
CABGA 192 | 14x14 X 0.8 0.46 SAC305 Components
12.065 P
CTBGAS84 | 7x7 | 508x5.08 0.5 03 | sAcaos | Practical
Components
QFN72 Practical
(MLF) 10x 10 6x6 0.5 NA NA Components

The bare board is a 6 layer, 0.125 inch (3.175mm) thick, 7.0 x 6.5 inch (177.8 x 165.1 mm) design using a high Tg filled
phenolic FR4 material and immersion silver surface finish. The prepregs between layers 1-2 and 5-6 were 2113 glass for a
nominal thickness of approximately 3.3 mils and the laser drilled vias were drilled at a hominal dimension of 6 mils. This
thickness and hole size combination was selected to represent the worst case hole size and thickness typically found in a
conformal microvia-in-pad construction and thus represent the worst case voiding from a microvia-in-pad at assembly.

Figure 3: Test Vehicle design. 2 sets of components on the left side have microvia-in-pad. 2 sets of components on the
right side do not have microvia-in-pad.
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Figure 4: BGA192 — Left with Microvia in pad, Right, with fan out no microvia in pad.
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Figure 5: Board Stackup
Sample Size

16 boards, totaling 64 components of each type were tested, 32 with microvia-in-pad and 32 without microvia-in-pad.

Assembly

Assembly was performed at Celestica Thailand with a typical Pb-free SMT process using SAC 305 solder paste and the
reflow profile shown in Figure 6. 40 boards were built in total (16 boards for ATC testing, 10 for the Micro-structure
evolution project and the remaining for spares and additional testing and a setup board). After assembly, boards were tested
electrically for continuity and X-rayed for voids using 5DX 3-D X-ray laminography. Two boards failed electrical testing.
The root cause of both of these was broken internal wire bonds on the QFN72 packages. In X-ray, 21 boards out of 40 failed
to meet the IPC-7095A Class 2 requirements for voiding in BGA solder balls (Reject class 2 if void size is greater than 45%
of ball diameter or 20% of ball area). Six of these rejects were in locations with no microvia-in-pad, 15 of these were in
locations with microvia-in-pad. The voiding found in the components without microvia-in-pad was attributable to voiding in
the solder balls of the BGAs as received (see Figure 7). No doubt a portion of the rejects for voiding in the microvia-in-pad
locations were also associated with voids in as-received BGAs. Nevertheless, there was a clear impact from the microvias on
the existence of voids larger than the IPC criteria. Figure 8 shows the assembled test vehicle.
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Figure 6: SMT Reflow Profile
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Figure 7: Voiding in the BGAs identified after assembly and as received.
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Figure 8: An assembled test vehicle

Thermal Cycling

The finished assemblies were thermal cycled from 0-100°C with 10 minute ramps and 10 minute dwells at the temperature
extremes. Cycling was stopped after 4279 cycles. See figure 9 for the actual thermal cycle.

During temperature cycling, event detectors are used to monitor the resistance through the piece part daisy chain nets. A

failure is considered a resistance reading of 300 Ohms or higher in the practice of IPC-SM-785 and is logged with the
associated cycle count to provide a record of exact cycles to failure.
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Figure 9: Air-Air Thermal Cycle Profile

Weibull and Regression Analysis
Extensive Weibull and regression analysis was completed on the failure data. The BGA84 had no failures through the entire

4279 thermal cycles. Figure 10 shows the Weibull plots for the CBGA 483. Statistically, these failure distributions are
different at greater than 99% confidence. This data shows a 9% increase in the characteristic life without the microvia-in-pad,
compared to the via-in-pad condition, and it also shows a statistically significant difference in the slope (Beta) of the
distribution, such that the first failures for the microvia-in-pad components occur after the first failures for the no microvia-
in-pad case. Weibull plots are shown, but the lognormal distribution is actually a better fit for these data sets. When
combined into a single data set, the fit to a lognormal distribution is still excellent, though not as good statistically as either of
the individual data sets. Given this, and the relatively small differences between the data sets, it can be stated the impact of
the voids from a microvia-in-pad on this component is minor, and in practical application can generally be ignored. This may

be due to the large solder ball size of this component.
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Figure 10: Weibull Plots of the CBGA483 failure data



Figure 11 shows the Weibull plots for the BGA192 components. The characteristic life of the no microvia-in-pad
construction is 57% better than that of the same component with microvia in pad. The slopes (beta) of the 2 different
distributions are not statistically different. The distributions are again best fit to the log normal distribution (not shown), but
the conclusions are the same either way; the microvia-in-pad construction has a significant negative impact on the BGA
solder joint reliability in accelerated thermal cycling for this component and solder ball size.

Figure 12 shows the Weibull plots for the QFN72 components. The characteristic life of the no microvia-in-pad construction
is 12% better than the characteristic life of the microvia-in-pad construction. Additionally the slope (beta) of the distributions
is larger for the no microvia-in-pad construction such that the time to first failure is significantly better also. These
distributions both fit well to Weibull as plotted. In summary, the microvia-in-pad construction has a significant negative
impact in the solder joint reliability of the QFN72 in this test.
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Figure 11: Weibull Plots of the BGA192 failure data
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Figure 12: Weibull Plots of the QFN72 failure data

Voiding Analysis

Since it is hypothesized that the differences between the thermal cycle performance of the microvia-in-pad (VIP) versus the
no microvia-in-pad (No VIP) constructions result from differences in voiding, an attempt was made to correlate the voiding
in the solder balls to the failure cycles experienced. On the BGA192 (which has a large die compared to the package) and
CBGA483 (which is ceramic and has a largely homogenous CTE across the component) components, the expected failure
locations for these parts are the corner solder balls as they have the largest distance to neutral point and the greatest stresses
during thermal cycling. As such, comparing the total voiding across the package would not be a viable comparison. Instead,
the voids located specifically in the corner balls on the package or in the solder balls immediately adjacent to the corner balls
were analyzed for their void percentage in volume and area and regression analysis completed comparing voiding to the
failure cycle.

Table 2 gives a summary of the voiding on these components in the corner and adjacent solder balls. For the CBGA483,
where the impact of VIP is minimal on the thermal cycle performance, every component had some voiding on either the
corner or adjacent solder balls, regardless of whether there was VIP or not. The average void percentage in both area and
diameter was significantly greater for the VIP construction, and the maximum void percentage exceeded 50% (both diameter
and area) for the VIP and 30% and 10%, diameter and area respectively, for the no VIP construction. The VIP construction
clearly has an impact on the amount of voiding. However, a study was done to determine if the voiding could be correlated to
the failure cycle. In all cases, the correlation coefficient is less than .01. Figure 13 provides just one example of the lack of
correlation between void percentage and failure. The component with the highest voiding percentage (area and diameter) in
the corner or adjacent solder balls, with over 50% was not the first part to fail, but rather the sixth, and a component with
20% (diameter) and 3% (area) voiding failed before it. The voiding percentage in the corner and adjacent solder balls, where
the failure is expected, does not correlate to the performance of the CBGA 483 component in accelerated thermal cycling.

For the BGA192, where the presence of VIP has a significant impact on the thermal cycle performance, the average void %
in diameter and area on the corner and adjacent solder balls is roughly four times greater for the VIP construction than the
non-VIP construction. Additionally a much greater percentage of the components had voiding in the corner or adjacent



solder balls with VIP than without (97% vs. 25%). The maximum void percentages on this component were not dramatically
different, however (37% vs. 30% in diameter, 14% vs. 9% in area). As with the CBGA analysis, there was no correlation
between the failure cycle in thermal cycling vs. the void percentage in area or diameter. Figure 14 provides an example.

The BGA 84, which had no failures in this thermal cycle testing, had similar results to the BGA 192 with a significantly
greater amount of voiding on the VIP construction compared to the non-VIP construction. As with the BGA 192, the
maximum void percentages were not notably different. Since there were no failures during the thermal cycling, no correlation
can be performed to compare the voiding percentages to the failure cycles.

In summary, microvia-in-pad increases the amount of voiding in BGA solder joints, but the voiding percentage in area or
diameter on the corner and adjacent solder balls does not correlate to the failure cycle in thermal cycling. For the boards
tested, none of the BGA 192 or BGA 84 components had voiding in the corner or adjacent solders balls exceeding the IPC
7095A Class 2 requirements. The CBGA 483 components did have one component that exceeded the IPC requirements in the
corner or adjacent solder balls. Twelve CBGA 483 components, out of 64 total, failed before this specific component during
the testing.

Table 2: Summary of the Voiding Statistics for the Corner and adjacent solder balls on the BGAs

Component and Average Average Maximum Maximum # of components with

whether or not VIP Void% in Void% in Area | Void% in Void% in Area no voiding in the
Diameter Diameter corner or adjacent

solder balls

CBGA 483 VIP 30.10 9.03 57.41 50.20 0 of 32

CBGA 483 No VIP 18.66 3.39 32.12 10.32 0of 32

BGA 192 VIP 20.44 5.08 37.84 14.32 10f32

BGA 192 No VIP 5.02 1.24 30.27 9.16 24 of 32

BGA 84 VIP 14.96 3.34 27.76 7.71 9 of 32

BGA 84 No VIP 3.29 0.49 27.76 5.90 27 of 32




Scatter Chart (Fail Cycle vs Void% Dia, CBGA 483, VIP)
60
L 2
55 -+
y = -0.0024x + 31.548
R%=0.0012

45 -
.’5" L 4
£ 40
3 * o
> ¢

35 4 ¢

¢ ¢ o o o
g
30 4
: L 4 * o
2 | RIS S JURE S
* .
20 ; ; ; 4 ; ; ; ; .
0 100 200 300 400 500 600 700 800 500
Fail Cycle

Figure 13: Scatter Chart showing the void percentage in %odiameter in the corner or adjacent solder balls versus the
failure cycle for the CBGA 483 component with microvia-in-pad.
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Figure 14: Scatter Chart showing the void percentage in %odiameter in the corner or adjacent solder balls versus the
failure cycle for the BGA 192 component with microvia-in-pad.

Failure Analysis

Limited failure analysis cross-sections were done after completion of thermal cycling, one each of every part type with and
without microvia in pad. The goal was to compare the failure for microvia-in-pad construction compared to no microvia-in-
pad. The expectation was that we would see a difference in the crack paths with and without microvia-in-pad. The parts
selected were from the first failures in the distributions, which mean that they also experienced a large number of thermal
cycles after failure, which makes it nearly impossible to identify the first failure location.

Figures 15 and 16 are representative cross-sections of the CBGA 483 with and without microvia-in-pad respectively. Both of
these show that the failure locations could be either on the board or on the component side with this component. Though the
void associated with the microvia in pad could be in the crack path, the influence of this void does not appear to have a major
impact on the crack path. This is in agreement with the relatively small differences between the data sets as seen in the
Weibull plots of the failure data for these components earlier.



mag| HV ‘ WD ‘ det 1 mm

125 x]15.00 kV|12.5 mm| BSED EOAAY43 Board 15 U1
Figure 15: CBGA 483 VIP, after 4279 cycles. Failure cycle 434.



mag| HV ‘ WD ‘ det 1 mm

25 x|30.00 kV|13.0 mm| BSED EOAAY243 Board 15 U2
Figure 16: CBGA 483, No VIP, after 4279 thermal cycles. Failure cycle 334.

Figures 17 and 18 are representative cross-sections of the BGA 192 with and without microvia-in-pad respectively. In these
samples, the crack path for the microvia-in-pad construction is on the component side away from the void from the microvia-
in-pad. The crack path for the no microvia-in-pad construction, on the other hand, is on the board side (through the bulk
solder adjacent to the intermetallic). If there had been a void here (potentially associated with the microvia-in pad), it would
have influenced the crack path and likely reduced the life of the component (as the via size is 6 mils diameter vs. a board pad
size of 14 mils diameter). This failure analysis is not conclusive, but suggests that the microvia in pad could negatively
impact the life of the component in thermal cycling as was seen in the Weibull plots for these components previously.
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400 x|10.00 kV|11.9 mm| BSED EOAAY243 Board 10 U7B
Figure 17: BGA192, VIP, after 4279 cycles. Failure Cycle 529



mag| HV WD ‘ det 500 ym

250 x|30.00 kV|12.4 mm| BSED EOAAY243 Board 10 U7C
Figure 18: BGA 192, No VIP, after 4279 cycles. Failure Cycle 854

Figures 19 and 20 are representative cross-sections of the BGA 84 with and without microvia-in-pad respectively. Neither of
these had failed after 4279 thermal cycles. Both of them have voids in the solder ball. In both cases, the crack paths are
influenced by the void. In both cases the crack paths are near the board side, which is also near where the void is. Other
cross-sections, not shown, without obvious voids in the cross-sections, show the beginnings of cracks on both the board side
in one cross-section and on the component side in another cross-section. Another cross-section (not shown) that is in a solder
ball without a microvia-in-pad, but has a similar size void, shows a fatigue crack from the center of the solder ball to the
nearby void. This clearly shows that the solder void affects the crack path in this BGA solder ball. It does not however,
conclusively show that the voiding would necessarily make the failure earlier.



mag| HV ‘ WD ‘ det 200 ym

600 x| 20.00 kV|13.8 mm| BSED EOAAY243 Board 07 10A
Figure 19: BGA 84, VIP, after 4279 thermal cycles. Did not fail



600 x|30.00 kV|13.5 mm| BSED EOAAY243 Board 07 10C

mag HV ‘ WD ‘ det 200 pm
Figure 20: BGA 84, No VIP. After 4279 cycles. Did not fail.

Figures 21 and 22 are representative cross-sections of the QFN 72 with and without microvia-in-pad respectively. There is
nothing obvious in these cross-sections that the small void associated with the microvia-in-pad has anything to do with the
crack path or failure cycle. In fact, as can be seen from the cross-section, the microvia location is actually external to the
crack path, and beyond the edge of the component. This does not correspond to the Weibull data and is unexplainable at this

time.
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00 x|30.00 kV[10.4 mm| BSED EOAAY243 Board 07 UBA Corner Leads

Figure 21: QFN72, VIP, after 4279 cycles, Failure Cycle 504



mag| HV ‘ WD ‘ det 1 mm

60 x|30.00 kV|12.4 mm| BSED EOABD437 Board 07 U6C Corner Leads
Figure 22: QFN72, No VIP, after 4279 cycles, Failure Cycle 982

Summary and Conclusions

This work has demonstrated that depending on the particular device package type, conformal microvia-in-pad constructions
can have an impact on the thermal cycle reliability of Pb-free SAC alloys BGA’s when soldered with SAC solders potentially
requiring the use of an alternative such as a filled and planar microvias.

The voiding associated with the conformal microvia is believed to be the cause of the reduced solder joint life, however, the
failure analysis results, though suggestive of this behavior, are not conclusive. The impact and size of the void associated
with a microvia in pad is a function of the component type, solder ball size, microvia drill size and laminate thickness.
However, the void location is arguably more important than its size having a greater potential impact on solder joint failure
when located in the fatigue crack path. Based upon this, it has been hypothesized that microvia-in pad construction should
result in poorer fatigue life performance for Pb-free solder joints than SnPb joints since the former exhibit a somewhat
higher incidence of failure due to cracking in the board side of the solder ball where microvia related voids can influence
fatigue crack propagation.

For the package types investigated in this study the reliability impact of conformal microvia-in-pad construction was found to
be device dependent. Degradation in fatigue life for conformal microvia-in-pad construction compared to no microvia-in-pad
construction was negligible for a large CBGA 483 with 0.89mm solder balls. Degradation in fatigue life for conformal
microvia-in-pad construction compared to no microvia-in-pad construction was significant for the CABGA192 with 0.46mm



solder balls, and the QFN 72. Test boards populated with CTBGA 84 packages having 0.3mm balls had no failures in
thermal cycle testing (4279 cycles) for either the microvia-in-pad or non microvia-in-pad construction.

The voiding percentage in area or diameter on the corner and adjacent solder balls (the expected failure locations for these
parts) does not correlate to the failure cycle in thermal cycling. For example, in the case of the CBGA 483 components, only
one had voids in the corner balls exceeding the IPC 7095A Class 2 requirements and this failed after 12 others that met the
voiding spec. None of the BGA 192 components had unacceptable levels of voiding in the corner or adjacent balls but
showed degraded fatigue life for the microvia-in-pad construction, which, on average increases the amount of voiding in the
solder joints.

Limited cross sectional analysis of both microvia-in-pad and no microvia-in-pad samples that failed during thermal cycling
was done to seek direct evidence of microvia related voids supporting enhanced fatigue cracking. A few of the cross-sections
showed evidence of a void in the solder ball affecting the crack path, but none of the cross-sections directly identified
microvia voids enhancing the fatigue cracking. In the cross sections examined, there were several examples where the fatigue
crack was on the component side rather than the board side where interaction between the void and crack could take place.
The results in those cases where the fatigue crack was on the board side of the package, though suggestive that a microvia
void could have had an influence on the fatigue crack propagation, were again inconclusive.

Though unfilled (conformal) microvia-in-pad can have a negative impact on the thermal cycle reliability, particularly for the
BGAs with small solder balls, it may still be an acceptable construction depending on the field life requirements of the
application.

Due to the density of traces in the immediate vicinity and directly underneath large pin count BGAs, these components are
prime candidates for via-in-pad construction. The results of these tests indicate that the large BGA ball on CBGA, as it tends
to fail at ball/package interface, may successfully be used with via-in-pad construction. This, of course, needs to be validated
with the specific package and board materials/geometry set that is being planned. Unfortunately, this comes at a potential
penalty in either poor assembly yields or very tight assembly process windows, due to the higher likelihood of rejectable
voiding in a via-in-pad BGA component after assembly.

An alternative to conformal (unfilled) microvia in pad constructions is to use a filled and planar microvia in pad construction
which eliminates voiding associated with the microvias. This can be done by either plating the microvias full or by filling
(with a non-conductive material) and plating over the microvias. These options have sourcing, cost, and design
considerations, separate from the technical considerations associated directly with the microvia in pad and any possible
voiding.

Follow-up Work
This work examined the influence of a microvia-in-pad in a worst case construction using conformal microvias. Two
potential follow-up studies could also be considered.
1) Repeat the test using filled and planar microvias in pad.
2) Repeat the test using a less challenging construction with a slightly thinner dielectric on the outer layers (such
as a 1078 laser drillable prepreg) and a smaller microvia hole (such as a 5 mil drill size rather than a 6 mil drill
size).
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AccV Spot Magn Det WD F—— 200 um

10.0 kV 3.0

80x
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Background

With SnPb soldering — microvia in pad

constructions (and associated small voids) have no

impact on BGA thermal cycle reliability (lower left)
— The failure location is virtually always on the package

side of the component, away from the small void
formed above the microvia (Top Left)

— (This is not to say the voiding doesn’t or can’t affect
SnPb solder joint reliability)
With Pb-free SAC soldering, the failure location
can be on either the component side or the board
side of the solder ball (Bottom Left)
— More likely with ceramic parts and waferscale parts.

— The solder is stiffer than SnPb, and stresses are
distributed differently in the solder joints.

— Does the void associated with a microvia in pad
negatively affect thermal cycle reliability?
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Project Goal

* Determine what effect, if any, microvia-
In-pad construction has on reliability of
BGA and QFN SAC solder joints as
characterized by air-to-air thermal
cycling and whether the increased
iIncidence of voiding characteristic of
this construction has a causative

relationship
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Test Plan

* Design and build a circuit board with
components with VIP (not filled) and

without.
« ATC to failure
« Compare results
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VIP Test Board

s e 4 eachof4

component types per
board
— 2 sets on left — Via
in Pad
— 2 setsonright — No
vias in pad

 Test Board Size: 6.5”
X 7"x .125” thick

« Connector not
populated — for wiring
only

« Extra ground lug
point added
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VIP vs. No VIP Design
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BGA192 — Left with Microvia in pad,
Right, with fan out, no microvia in pad
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IPC

PREPREG,
LAMINATE,
FREPREG,
LAMINATE,
PREPREG,

Test Board Stackup

MICROVIA DRILL
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« Most routing on Layer 2

Layers 3 and 4 are planes
Open areas on L2 and 5 are thieved
L1-L2 (and L5-6) were built with 2113 glass style

To better represent the worst case thickness.
Nominal microvia laser drill size prior to plating was 6 mils

PRIMARY SIDE, COFPPER FOIL

SITCGNAL
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Part Type | Body Die Size Pitch | Solder | Solder |Supplier Comments
Size (mm) (mm) Ball Ball
(mm) Size Alloy
(mm)
NTK (Solder
Balls added | Ceramic.
CBGA 483 |29 x 29 NA 1.27 0.89 | SAC405 |at Premier |Supplied as
Semiconduct | LGA.
or)
12.065 Practical
CABGA 192 | 14 x 14 X 0.8 0.46 | SAC305 Components
12.065 P
>-08 Practical
CTBGA84 | 7x7 X 0.5 0.3 SAC305
Components
5.08
QFN72 Practical
(MLF) 10 x 10 6x6 0.5 NA NA Components
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Components — other info

« Components selected such that ball size (or
no ball in the case of QFN) Is evaluated

« Larger die packages will reduce ATC cycles
and shorten test time

— Large, but not largest, die size in the QFN-72
package to reduce potential issues with very early,
separate failure mode seen in other testing.
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Profile
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Standard SMT Reflow Profile

HDPUGVIP_14 HDPUGVIP_17 HDPUGVIP_29

Before assembly

. “

In X-ray, 21 of 40 failed to
meet the IPC-7095A Class 2
requirements for voiding in
BGA solder balls (Reject
class 2 if void size > 45% of
ball diameter or 20% of ball
area). Six of these rejects
were with No VIP, 15 of these

were with VIP

HDPUGVIP_39

.

Some of the voiding attributable to voids
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Thermal Cycling

e 0to +100°C at Freescale
Semiconductor

— Completed 4279 cycles
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Sample Sizes

« 32 each for VIP/no VIP
16 PCB’s
« 256 total nets (1 event detector)



Welbull Analysis
CBGA48
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HDPUG Via-In-Pad Project

Final Weibull Plots, 4279 cycles

/]

~ CBGA483 ,No VIP
— CBGA483 ,VIP

Eta

Beta

r™2

n/s

707.1 4.058 0.949 32/0| | YR2010
648.6 6.874 0.961 32/0| | MO8SDO4

Js

1000

10000

BGAB4=zero fails

Cycles (0 to +100C)




APEX
C i BGA192

HDPUG Via-In-Pad Project @
Final Weibull Plots, 4279 cycles
99
o o
7
c rr
fe) 90 0 BGA192 ,NoVIP
80 .
+ BGALG2 VIP
e 70
r 60
r 50
e 40
n 30
€20
e
10

C
D
F 5

Eta Beta r"2 n/s
% P O 1951 2.258 0.898 32/2| YR2010

1241 3.086 0.847 32/0| | MO8D04

1 JS
100 1000 10000
‘BGA84=zero fails
Cycles (0 to +100C)
Fr

The characteristic life of the no microvia-in-pad
construction is 57% better than that of the same
~ ———————component with microvia in-pad

T~
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QFN72

HDPUG Via-In-Pad Project @
Final Weibull Plots, 4279 cycles
99
e}
95
c W/rr
a 80
70 .
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e 40
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€20
e
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Characteristic life of the no VIP construction is 12% > than
VIP construction. Slope (beta) of the distributions is larger
—————{or No VIP construction = time to first failure is

Significantly better also
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Voiding Analysis

 Differences between the ATC performances of VIP
versus No VIP constructions are expected to be
because of the voiding.

— Attempted to correlate the voiding in the solder balls to the
failure cycles

« For both the CBGA and the BGA192 with a large die —
expected failure locations are corner balls

— Comparing the total voiding across the package would not
be a viable comparison

— Voids located specifically in the corner balls on the
package or in the solder balls immediately adjacent to the
corner balls were analyzed for their void percentage in
volume and area and regression analysis completed
comparing voiding to the failure cycle
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Voiding Summary

Component Average |Average Maximum Maximum # of components

and whether  |Void% in | Void% in Void% in Void% in with no voiding

or not VIP Diameter |Area Diameter Area in the corner or
adjacent solder
balls

CBGA 483 VIP 30.10 9.03 57.41 s0.20  |0of 32

CBGA 483 No 0 of 32

VIP 18.66 3.39 32.12 10.32

BGA 192 VIP 20.44 5.08 37.84 1432 |10f32

BGA 192 No 24 of 32

VIP 5.02 1.24 30.27 9.16

BGA 84 VIP 14.96 3.34 27.76 771 |90f32

BGA 84 No VIP 3.29 0.49 27.76 5.90 27 of 32
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Voiding Correlation to corner and adjacent

solder balls
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Failure Analysis — CBGA 483

WD det 1 mm WD det 1 mm

mag | HV mag| HV ‘ |
125 x|15.00 kV|12.5 mm| BSED EOAAY43 Board 15 U1 125 x/30.00 kV|13.0 mm| BSED EOAAY243 Board 15 U2

CBGA 483 VIP, after 4279 cycles. CBGA 483, No VIP, after 4279
Failure cycle 434. thermal cycles. Failure cycle 334.

Failure locations could be board or component side.

*The influence of this void does not appear to have a major
Impact on the crack path.

~ [n agreement with the relatively small differences between the —
data sets as seen in the Welbull plots components earlier.



| mag HV WD det 400 pym mag HV WD det | 500 pm
!400 x/10.00 kV|11.9 mm| BSED EOAAY243 Board 10 U7B 250 x|30.00 kV|12.4 mm| BSED | EOAAY243 Board 10 U7C

BGA192, VIP, after 4279 cycles. BGA 192, No VIP, after 4279
Failure Cycle 529 cycles. Failure Cycle 854

Crack path VIP = component side away from the void

Crack path No VIP -on the board side (through the bulk solder)
If there had been a void here it would have influenced the crack
path and likely reduced the life.

FA not conclusive, suggests VIP could negatively impact the life
as seen in the Weibull plots
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= Failure Analysis — BGA84

mag‘ HV WD det 200 pm

mag HV WD det 200 pm 500 2 5473 v
600 x| 20.00 kvl 13.8 mm| BSED EOAAY543 Board 07 10A 600 x| 30.00 kV[13.5 mm| BSED EOAAY243 Board 07 10C

BGA 84, VIP, after 4279 BGA 84, No VIP. After 4279
thermal cycles. Did not fail cycles. Did not fall

Both have voids—> crack paths are influenced by the void.

Crack paths are near the board side, which is also near where the void is.

Another cross-section (not shown) that is in a solder ball without a microvia-in-pad, but
has a similar size void, shows a fatigue crack from the center of the solder ball to the
nearby void.

Clearly shows that the solder void affects the crack path in this BGA solder ball.

Does not conclusively show that the voiding would necessarily make the failure earlier.
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Failure Analysis — QFN 72

mag| HV WD det 500 pm iz mag | HV WD det 1.mm
12.4 mm

mr
200 x|30.00 kV[10.4 mm| BSED 160 x| 30.00 kV mm | BSED EOABD437 Board 07 USC Corner Leads

QFN72, VIP, after 4279 QFN72, No VIP, after 4279
cycles, Failure Cycle 504 cycles, Failure Cycle 982

EOAAY243 Board 07 UBA Corner Leads

Nothing obvious that the small void associated with the VIP has anything to do
with the crack path or failure cycle.

Microvia location is external to the crack path, and beyond the edge of the
component.

Does not correspond to the Weibull data > unexplainable at this time.
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Summary — Part 1

Depending on the particular device package type, conformal
microvia-in-pad constructions can have an impact on the
thermal cycle reliability of Pb-free SAC alloys BGA’s when
soldered with SAC solders potentially requiring the use of an
alternative such as a filled and planar microvias

For the package types investigated in this study the reliability
Impact of conformal microvia-in-pad construction was found to
be device dependent.

— CBGA 483 with 0.89mm solder balls: Degradation in fatigue life
with VIP vs. no VIP was negligible.

— CABGA192 with 0.46mm solder balls: Degradation in fatigue life
with VIP vs. no VIP was significant.

— QFN 72: Degradation with VIP vs. No VOP was significant, but FA
did not identify an clear reason.

— CTBGA 84 packages with 0.3mm balls had no failures in thermal
cycle testing (4279 cycles) for either the VIP or no VIP
construction.
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Summary — Part 2

» Voiding associated with the conformal microvia is
believed to be the cause of the reduced solder
joint life

— FA though suggestive of this behavior, is not conclusive.

— The impact and size of the void associated with a microvia in pad
IS a function of the component type, solder ball size, microvia drill
size and laminate thickness.

— Void location is arguably more important than its size having a

greater potential impact on solder joint failure when located in the

fatigue crack path.

« Based upon this, 2 hypothesized VIP construction should result in poorer
fatigue life performance for Pb-free solder joints than SnPb joints since the
former exhibit a somewhat higher incidence of failure due to cracking in the
board side of the solder ball where microvia related voids can influence
fatigue crack propagation.
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Summary — Part 3

* Voiding % (area or diameter) on the corner and
adjacent solder balls does not correlate to the
failure cycle in thermal cycling.

— For the CBGA 483 components, only one had voids in
the corner balls exceeding the IPC 7095A Class 2
requirements and this failed after 12 others that met the
voiding spec.

— None of the BGA 192 components had unacceptable
levels of voiding in the corner or adjacent balls but
showed degraded fatigue life for the microvia-in-pad
construction, which, on average increases the amount
of voiding in the solder joints.
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Summary Part 4

Though unfilled (conformal) VIP can have a negative impact on
the thermal cycle reliability, particularly for the BGAs with small
solder balls, it may still be an acceptable construction depending
on the field life requirements of the application.

Due to the density of traces in the immediate vicinity and directly
underneath large pin count BGAs, these components are prime
candidates for via-in-pad construction.

— Results indicate that the large BGA ball on CBGA, as it tends to fail at

ball/package interface, may successfully be used with via-in-pad
construction.

» Needs to be validated with the specific package and board materials/geometry set

» Potential penalty in either poor assembly yields or very tight assembly process
windows, - likelihood of rejectable voiding in a VIP BGA t after assembly.

An alternative to conformal (unfilled) microvia in pad
constructions is to use a filled and planar microvia in pad
construction which eliminates voiding associated with the
microvias.
— Can be done by either plating the microvias full or by filling (with a non-
conductive material) and plating over the microvias.

— This option has sourcing, cost, and design considerations, separate
from the technical considerations associated directly with the microvia
in pad and any possible voiding.
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Follow-up Work

* This work examined the influence of a
microvia-in-pad in a worst case
construction using conformal microvias.

Two potential follow-up studies could also
be considered.

— Repeat the test using filled and planar
microvias in pad.

— Repeat the test using a less challenging
construction with a slightly thinner dielectric on
the outer layers (such as a 1078 laser drillable
prepreg) and a smaller microvia hole (such as
a 5 mil drill size rather than a 6 mil drill size).
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