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Abstract

Reliability of Microvia has been a concern since microvias were introduced to our industry. This study was designed to
understand the reliability of Type 1, Type 2, and Type 3 Microvias. Reliability Test Coupon design was developed in co-
operation with PWB Interconnect to include up to four stacks of microvias placed on and off a buried via. Standard FR4
material, meeting the requirement of IPC-4101/24, was selected and IST thermal cycling was chosen as a reliability test
method. Staggered microvias were not considered because previous testing has shown that staggered microvias are as
reliable as single stage microvias. It was also decided to have all the microvias plated shut during the copper plating process.
Samples were produced as one lot, utilizing FTG’s standard manufacturing processes. Efforts were made to include all
possible test conditions required to understand microvia reliability.

Introduction:

The Printed Circuit Board industry has seen a steady reduction in pitch from 1.0mm to 0.4mm; a segment of the industry is
even using or considering a 0.25mm pitch. This has increased the use of stacked microvias in these designs. The process of
stacking microvias has been practiced for several years in handheld devices; however, the devices generally do not operate
in harsh conditions. Type 1 and Type 2 microvias have been tested over the years and have been found to be very reliable.
We do not have enough test data for 3 and 4 stack microvias when placed on and off buried via. The main objective of this
study was to understand the reliability of 3 and 4 stack microvias placed on and off a buried via.

Board and Coupon Design:

A 2.25mm (0.090”) thick eighteen layer board was designed (see Fig.1). Microvias with a diameter of 0.15mm (0.006”)
were ablated from layers 1-3 and layers 18-16 for 2 stacks, layers 1-4 and layers 18-15 for 3 stacks and layers 1-5 and layers
18-14 for 4 stacks. Buried vias were between layers 3-16, 4-15 and layers 5-14, respectively. All microvias were plated shut.
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Fig. 1: Design Stackup



Coupons were designed for 2/3/4 stacks (See Fig.2), on and off buried vias and pitches of 0.8mm (0.032) and 1.0mm
(0.40”) as controlled variables. Each variation was placed in a sub-panel form (see Fig.3). Six of these subs were
placed on an 18x24 panel. In all, each panel contained 6 on buried via and 6 off buried via IST coupons.

There were a total of 568,512 microvias per panel and 3 of such panels were produced.
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Fig. 2: Via Structure Diagram
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Fig.3: Sub-Panel Coupon Layout

Each coupon contained a power sense (P), one circuit of microvia sense (S1), one of buried via sense (S2) and one
combined microvia and buried via sense (S3), as depicted in Figure 4. For the scope of this project, only sense P, S1
and S3 were measured.
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Fig.4: Circuit Sense Summary

Test Method and Test Parameters:

Preconditioning:

Two pre-conditioning cycles were selected.

1. 6x@245°C
2. 6x@260°C

Pre-conditioning was done using the IST heating method. Capacitance testing was done on as-received
coupons, during cycling and after cycling. A delta of > -4% was considered as a sign of degradation.
Sections were done to evaluate and confirm the damage to the vias and material.

Thermal cycling:

IST test method was used for thermal cycling. Below are the various test conditions employed:

Pre-Conditioning Cycling Temperature | Number of Cycles
6x@245°C 150°C 1,000
6x@260°C 150°C 1,000
6x@260°C 170°C 1,000
6x@260°C 180°C 1,000

A starting test temperature of 150°C was selected. Based on the results, the temperature was increased to
170°C and 180°C incrementally.

Follow-on testing was conducted on 3 & 4 stacks from coupons that were cycled at 150°C and 170°C for
1,000 cycles in an attempt to instigate failure at higher temperature. 100 additional cycles at 180°C were
conducted. Furthermore, all pre-conditioned failures were tested at 190°C for 100 cycles. This was done
to validate preconditioning failures.

Data Collection & Analysis:

Data was collected for pre-conditioning and thermal cycling. During pre-conditioning at 245°C, four
coupons failed. A second set of coupons was tested at 6x@260°C. Out of 236 coupons tested, only 24
coupons failed. The failed coupons (for both 245°C and 260°C) were set aside for further analysis and
the coupons that passed were thermal cycled.

During pre-conditioning testing, it was observed that some of the coupons were showing higher than
expected change in resistance. It should be kept in mind that a 10% or greater change in resistance limit was
set in the 1960’s for through hole technology with the baseline resistance value set after pre-conditioning.



A 10% change was observed after conditioning and stabilized after that. After pre-conditioning, the upper
limit in resistance change w a s raised 50% and proceeded to thermal cycling. The change in resistance
was monitored continuously. It was observed that the change in resistance in almost all cases had stabilized
after pre-conditioning. Below is the chart that outlines the number of assembly failures where resistance
change exceeded 50% at 245°C and 260°C pre- conditioning and 150°C to 180°C thermal cycling.

Table 1: Stacked Microvia Structures Reliability

| |
6X 245°C | 150°C | 0 | 0 | 4
6X260C |  150°C | 0 | 5 | 6
ex2600c | 170oc | 0 | 1 | 3
6X 260°C | 180°C | 0 | s | 4
TOTAL 0 11 18

The experimental data showed that all of the coupons failed at Sense 3, which is a microvia and buried via
combination. No failures were observed at Sense 1 (pure microvia). At a 10% resistance change limit, the number of
failures increases (see Table 2). This data is based upon 12 coupons of each protocol tested.

Table 2: 9% IST - Resistance Change >10% as Failures

2 Stack [3 4
Stack Stack

6x245°C | 150C | 1000 | 0% | 0% | 25% | 30f3
6x260cc | 1s0c | 1000 | o | % | 2% | 3of11
6x2600C | 170°C | 1000 | 75% | 25% | 63% | 20f4
6x260°c | 180°c | 1000 | 91% | 67% | 44% | 40f 6

Assembly Simulation vs. Thermal Cycling

Further analysis was done to see what percentage of failures detected during assembly simulation (pre-
conditioning) were also detected during IST testing. Table 3 below summarizes the failures detected.



Table 3: % IST - Resistance Change >50% as Failures

6X 2452C 1508C 1000 0% 0% 18% 20f5
6X 2602C 1508C 1000 0% 0% 17% 2of11
6X 2602C 1708 1000 8% 0% 18% 20of4d
6X 2602C 1a0ec 1000 73% 17% 22% 1of6

Table 3 above shows that all failures seen during assembly simulation were not detected during IST testing.
There two possible reasons for this:

1. The test temperature needs to be raised even higher than 180°C to cause this failure.

2. Material was delaminated and once that happens, the stresses during the IST test are absorbed by the
delamination and it does not affect via reliability. Further evaluation is needed to determine the root
cause.

To test the hypothesis of insufficient temperature, 24 of the pre-conditioning failure coupons were subjected to
190°C IST test temperature. Over 90% of the failures were detected under these conditions.

Via To ViaPitch

To understand if the pitch made any contribution to reliability failures, the data for 3 and 4 stacks were sorted
by 0.8mm (0.032”) and 1.0mm (0.040”) via to via pitch and data was further segregated by on buried and off
buried vias. Pre-conditioning was also taken into account. Table 4 and 5 below shows the yield for 3 and 4
stacks by pre- conditioning temperature, on / off buried vias and 0.8mm (0.032”) and 1.0mm (0.040”) pitch.

Table 4: 3-Stacks Failures found durini Assi. Simulation

On Buried Via Off Buried Via
| Assy. o o \ Vield
Simulation 0.032" / 0.040" / 0.032" / 0.040" J
0.8mm 1.0mm 0.8mm 1.0mm
BX 2452C 0 0 0 ] 100%
BX 2602C e 1 2 3 72%




Table 5: 4- Stacks Failures found during Assy. Simulation

On Buried Via Off Burized Via
Assy. Yield
Simulaticn 0.032" / 0.040" / 0.032" / 0.040" /
0.8mm 1.0mm 0.8mm 1.0mm
6X 2452C 0 0 3 1 87%
6X 2602C 1 3 5 4 650%

As mentioned previously, 2 stack microvias for all the combinations did not show any failures at 150°C for both pre-
conditioning cycles. At 170°C, one failure was observed on Sense 3 at an off buried via location, indicating that it is a
buried via failure rather than a microvia failure, since there were no failures on Sense 1. It was observed that 9 out of 11
coupons failed at a thermal cycle temperature of 180°C. These failures again were on Sense 3, indicating that the
failure was located at the buried via. The data is shown below in Table 6.

Table 6: 2- Stacks Microvia Structures Reliability

0.032" / E].D;l[] 0.032" f 0.040" /
0.8mm 0.8mm 1.0mm
1.0mm
6X 2459C 150eC 1000 Dofe 0 of 6 0of 7 Oof 7
6X 2609C 1508 1000 Dof3 Dof3 Dof3 Dof3
6X 260°C 170eC 1000 Oof3 Dof3 1 of 3* Dof3
6X 260°C 1802C 1000 3 of 3* Dof3 2of2* 3 of 3*

Structure reliability data for 3 and 4 stacks is shown in Tables 7 and 8. Three stacks did not have any failure but 4 stacks
had one failure. At 180°C, failures are observed for 4 stack microvias at both on and off locations. The plots of resistance
over time indicate that these coupons exceed the 10% resistance change limit and continue to gradually increase. This sort
of behavior is indicative of material degradation rather than a via structure failure because of the gradual nature of the
resistance change. A via structure failure would cause a significant increase in resistance.



Table 7: 3- Stacks Microvia Structures Reliabilit

6X 2452C 1502C 1000 Dofb Dofb Dof7 Oof7

6X 2602C 1502C 1000 Dof3 Dof3 Dof3 0of3

6X 2602C 170eC 1000 Dof3 Dof3 Dof3 Oof3

6X 2602C 1802C 1000 Dof3 Dof3 Dof3 20of3
Table 8: 4- Stacks Microvia Structures Beliability

oXx 2452C 1502C 1000 Dof7 0of7 3of7 20f7
X 2602C 1502C 1000 Dof3 0of3 2af3 0of 3
X 2602C 1702C 1000 0of3 Dof3 20of2 Oof 3
X 2602C 1802C 1000 1of3 0of3 0of D lof3

IST Data - Analysis of Thermal Cycling:

As outlined in the test method, the process was defined to start testing of coupons pre-conditioned 6x245°C at a
thermal cycle temperature of 150°C for 1,000 cycles. If no microvia failures were observed, then the pre- conditioning
temperature would be raised to 260°C, while keeping the thermal cycling temperature at 150°C. If still no failures
were observed, the thermal cycle temperature would be increased to 170°C for 1,000 cycles. If limited failures were
observed, then a final thermal cycling temperature increase to 180°C would be conducted.

Only five 4 stack coupons failed during pre-conditioning at 6x245°C. There were no failures identified during thermal
cycling at 150°C. The same test was repeated with a pre-conditioning temperature of 260°C. Out of 236 coupons
tested, 24 coupons failed at Sense 3 (combination of buried and microvia) on the 4 stack via structure. The
experimental objective was to evaluate microvias and this did not show any microvia failures. Cross-sectional
analysis of the coupons showed no failure in via structures but material degradation was observed (see Image 3, Fig.5

below).




Image 1 Image 2 Image 3
Fig. 5: Two Stack Microvias after 6x@ 260°C Pre-Conditioning and 1, 000 cycles at 150°C

Image 4 Image 5 Image 6
Fig. 6: Three Stack Microvias after 6x@ 260°C Pre-Conditioning and 1,000 cycles at 150°C

Image 7 Image 8 Image 9
Fig. 7: 4 Stack Microvias after 6x@ 260°C Pre-conditioning and 1,000 cycles at 150°C



At this point the cycling temperature was increased to 170°C and a new set of coupons that were pre-conditioned at 260°C
were tested. Failures for 2-stack and 4-stack structures were identified and these failures were also found on Sense 3. Since
the test temperature of 150°C and 170°C did not show microvia failures, the test temperature was increased to 180°C and
another set of coupons preconditioned at 6x260°C was tested.

Change in resistance was monitored throughout pre-conditioning and thermal cycling. Initially, a greater than 10% change in
resistance limit was raised to 50% change while still monitoring the rate of change and slope of the curve. During
preconditioning, a rise in resistance change was noticed. This resistance change stabilized and in the majority of cases a very
slow rate of change was measured.

The data below shows that there can be a resistance change of up to 10% during pre-conditioning. Cross-sectional analysis
was completed after 1,000 cycles on the coupons which had shown a higher degree of resistance change during
preconditioning, but had survived 1,000 cycles. No abnormalities in the cross-sections could be identified. At this stage, the
data was analyzed in two ways. The first method included the resistance change during pre- conditioning while the second
method excluded the resistance change during pre-conditioning. In the second method, a 10% change in resistance during
thermal cycling was considered a failure.

Considering the amount of data available and the scope of this study, only data from 180°C thermal cycling temperature was
analyzed in detail. The graphs below include both sets of data where pre-conditioning change in resistance was factored and
not factored.

Plot 1 through Plot 4 shows data for two stack on and off buried vias. Plot 1 includes pre-conditioning change in resistance,

whereas Plot 2 is showing data from after pre-conditioning to 1,000 cycles. Sense A has one microvia failure at the 55
cycle. The failure is clearly indicated by a straight vertical line. All other data points are well below 10% resistance change.

Plot 2 is for Sense B and shows much different results. Majority of the coupons show a steeper upward curve indicating that
vias are degrading fast. This is being caused by the test temperature of 180°C. The test temperature is above the Tg of the
material, resulting in almost 10 times the thermal expansion factors below Tg of the material. It must be understood that the
thermal cycling temperature is above the Tg of the material and at this point, shear forces are playing a role in the barrels’
failure mode. It is also believed that the length of the barrel is playing a significant role here. The barrel of the buried via
below the 2-stack microvia structure is the longest of all the combinations in this design and at this temperature the thermal
expansion is extremely high. Even under these severe conditions, the coupons were able to reach a mean IST cycle of 452
which is indicative of reliable copper plating structure.
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Plot 1 - 2 Stack Microviaz off Buried via — Senze A
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Plot X — 2 Stack Microvias on Buried via — Sense A
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Plot 3 — I Stack Microvias Off Buried via — Senze B
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Plot 5 — 3 Stack Microvias on Buried via — Sense A
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Plot 6 — 3 Stack Microvias on Buried via — Sense A
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Plot 7 — 3 Stack Microviaz on Buried via — Senze B
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Plot 9 — 4 Stack Microvias on Buried via — Sense A
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Plot 11 — 4 Stack Microvias on Buried via — Sense B
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Plot 12 — 4 Stack Microvias on Buried via — Sense B

Results for 3 and 4 stacks were different than what we saw for 2 stacks. The change in resistance for one 3 stack
microvia (Sense A) went over 10% at 893 cycles. The change in slope for this microvia is still gradual. All other
microvias are still showing a change in resistance below 7%. Similar to 2 stack microvias, Sense B is showing
different results than Sense A. Here we see one test coupon starting to degrade at 216 cycles.

There are several other coupons starting to move above the 10% threshold resulting in one complete failure at 543
cycles. The other coupon crossed the 10% threshold at 557 cycles and continues to degrade over the remaining test
period without completely failing. Only one more coupon had a complete failure at 949 cycles.

Four stack microvias show an improvement over 2 and 3 stacks. For Sense A, there is one microvia coupon that starts
to show degradation at 280 cycles and has a complete failure at 561 cycles. All other coupons for Sense A stayed
below a 10% change in resistance. Sense B also shows improved results over 2 and 3 stack coupons. The first coupon
to cross 10% limit had completed 570 cycles but didn’t show a complete failure. This coupon reached a maximum
resistance change of 28% at 944 cycles. The third coupon reached 695 cycles before crossing the 10% change
threshold and showed a failure at 993cycles.

It is interesting to note that Sense B showed higher degree of failure for 2 stacks than for 3 and 4 stacks. This
confirms the hypothesis that the barrel length of buried vias is contributing significantly to the degree of failures. It

must be kept in mind that the material used for the test is an FR4 material with a Tg of 17300. Thermal expansion for

this material in the Z-axis is 44ppm below Tg and 255ppm above Tg. A test temperature of 1800C induces a
tremendous amount of stress on the material. It also worth noting that this test vehicle has gone through 4 lamination

cycles and 6 pre-conditioning cycles at 2600C. All these lamination and thermal cycles have resulted in degradation
of the material to an extent.

Conclusion:

This study was a preliminary study and the objective was to understand the behavior and reliability of stacked
microvias based on the number of stacks, the pitch between the vias and the effect of stacking microvias on a buried
via compared to off a buried via. A secondary objective was also to understand FTG’s manufacturing process for
multiple stacked microvias, since this is not yet a typical design requirement in the Aerospace and Defense industries.
The test data shows that stacked microvias placed on a buried via are in themselves as reliable as stacked microvias
off the buried via. Although Sense B data shows a higher failure rate, it is believed that the failure mode is related to
the buried via and material degradation rather than a microvia failure. Two-stack microvias located on buried vias



performed worse than the other on-buried via structures, but it is hypothesized that this is caused by the longer barrel
length of the buried via in the board design. The length of barrel of buried vias has a higher degree of effect on the IST
results for test temperatures above the Tg of the laminate. Shorter buried vias are more reliable even when operating
at temperatures above the Tg of the material. Increasing the number of lamination cycles and higher pre-conditioning
temperature also contributed to a higher degradation effect on standard laminates.

Increasing the number of stacks did not appear to have a major effect on failures. Although resistance increased
nominally in Sense A measurements, the reliability of the microvias generally was maintained b el o w the
resistance change threshold. However, the number of stacks introduces registration challenges during the
manufacturing process. A robust registration system is required to ensure that the microvias are registered in a
controlled manner to reduce variation that can result in poor connectivity to the underlying plated shut microvia.
Reducing via pitch from 1.0mm (0.04”) to 0.8mm (0.032”) also had a marginal effect on reliability.

A conventional IST cycling temperature to test microvias may not be the optimal temperature to test microvia
reliability. Resistance changes of greater than 10% should be the failure criteria after pre-conditioning. A gradual rise
in the resistance change plot is an indication of degradation of the material and is not necessarily indicative of avia
failure. Further testing will be required to understand the effect on microvias when resistance is gradually increasing
above the 10% threshold. This study also showed that the selection of material is critical to product reliability. If the
circuit board application demands performance under temperatures higher than the material’s Tg, then a material with
a higher Tg should be selected.

This was a preliminary study to investigate the general reliability of stacked microvia structures. The number of
variables being evaluated required a significant number of test coupons. This resulted in limiting the sample size for
higher temperature cycling. With these results and observations on test temperatures and failure modes, further testing
with a narrowed scope can be completed to determine statistically proven reliability of different microvia structures.
This study has provided a foundation of knowledge that can be built upon by a multitude of testing in the future.

Hardeep Heer, Ryan Wong,
VP Engineering & CTO Engineering Manager
Firan Technology Group (FTG) Firan Technology Group (FTG)

Acknowledgement:
Authors would like to thank Bill Birch and his team of PWB Interconnect solutions Inc. for their help in
coupon design and testing.



	Table of Contents
	Technical Paper
	Presentation
	Home



