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Abstract

It is effective to use the stack-via-holes method (via-on-via structure), which stacks micro via-holes (MVH), in the
development of higher density circuits on build-up printed wiring boards. When micro via-holes are repeatedly stacked, via
holes cause an open circuit due to the difference in the thermal expansion of the copper and the glass epoxy base material. In
order to verify the reliability of the stack-via-hole connection, we produced a range of test boards with differing numbers of
stack-via-hole layers, material types (FR-4, high-Tg FR-4, low thermal expansion material, etc.), and via hole diameters
(0.100 mm and 0.075 mm diameters). The boards were examined through DC current induced thermal cycling tests to
determine the reliability of the various samples.

In respect to the anti-migration properties, we also undertook research on pitches and base material types of micro via- holes.

As a result of the evaluation, it was verified that the MVH, then interstitial-via-hole (IVH), followed by the plated through-
hole (PTH) achieved the best connection reliability. As for base materials, it is recommended to use a high-Tg material with
low thermal expansion qualities. We believe that an MVH diameter of 0.100 mm is preferable to prevent any void attributed
from a high aspect ratio. No problem with the insulation reliability was found on any base material as long as the MVH pitch
is 0.35 mm or more (or 0.25 mm between the hole walls).

Introduction

Due to higher pin counts and narrower pitches, much higher-density printed wiring boards are required. As a result, the
adoption of ‘build-up printed wiring boards’ has spread, particularly in the area of communication station infrastructure,
which requires a high level of reliability, and industrial devices such as IC testers.

The method used for manufacturing build-up printed wiring boards generally employs the prepreg process to produce the
build-up material and copper plating to ensure electrical connection. In the case of the filled via hole specification that fills
MVH with copper, excellent reliability in electrical connection of MVH can be obtained. Moreover, an advantage of adopting
the filled via holes is the via-on-via structure (stack-via-hole). This structure, in which filled via holes are stacked, enables
more flexibility in the design of circuits, and can achieve much denser circuits. In our research of the connection reliability in
relation to base materials, the number of build-up layers, and MVH diameters, certain design rules are needed to be
established to ensure the reliability of the test results. As a comparative study, we also conducted further research on PTH and
IVH. We will therefore confirm the connection reliability of the entire range of build-up printed wiring boards.

It is becoming necessary to make MVH pitches even narrower in line with the progress of narrower pitches on surface
mounting components. In this light, we decided to evaluate the insulation reliability by using test patterns on which pitches
between MVH and MVH are gradually changed.

The following sections will explain our method of manufacturing build-up printed wiring boards with copper-plated filled via
holes, followed by the results of our evaluation of their connection reliability and insulation reliability.

Manufacturing Method

The manufacturing method used for the evaluation is shown in Figure 1. As for IVH, epoxy resin was filled in IVH after
plating and a build-up layer formed by applying a thermal press on the prepreg material and copper foil after the formation of
circuits. We used a CO, laser to make the holes for MVH. Since it is generally difficult to fabricate copper foil using a CO,
laser, we made partial etchings on the copper foil prior to opening the holes with the laser. After plating the filled via holes,
we formed a circuit pattern on both sides, and then applied a lamination layer, onto which we formed another circuit pattern
to achieve three build-up layers. Stack-via-holes were produced by repeating this MVH formation as required.

S07-3-1



Circuit formation

Lamination

Window opening for

laser hole making

Laser hole making

Filled via hole plating

Circuit formation

Repeat
Lamination
Window opening for
laser hole making I
Laser hole making
Hole drilling
Filled via hole plating
Circuit formation IVH
PTH MVH I

l:‘ Base material |:| Copper . Hole filling resin
Figure 1 — Manufacturing Process

Body

Connection Reliability

One cause of long-term failure that may occur in printed wiring boards is an open circuit resulting from a crack of PTH.
When thermal stress is imposed on a printed wiring board repeatedly, the difference in thermal expansion between the copper
plate and the base material cause distortion of the board, creating an open circuit as a crack in the copper plate is formed. We
must therefore pay attention to the failure mode for similar mechanisms on stack-via-holes as well. In order to determine any
influence by the difference in thermal expansion between the materials, besides FR-4, we selected base materials with low
thermal expansion specifications. Table 1 shows the specification values of base materials.

For the evaluation we used 16 layer boards with a total board thickness of 2.0 mm and consisting of three build-up layers on

each side of 10 layer IVH. The board thickness of the IVH layer (layers 4 - 13) was 1.3 mm, while the thickness between the
build-up layers was 0.06 mm per layer.
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Table 1 — Characteristic Values of Materials

Material Tg |Classification | Thermal Expansion Coefficient

(In thickness direction)

al tT9 | a2 {Tg
Base matenial | a [131°¢ |FR-4 26ppm/ic 264ppmi°c
b [ 1532+ |Halogen-fres Alppm’C 200ppm/°C
¢ [171¢ |High TgFR-4 18ppmiC 2T3ppm°C
d|163+|Low CTE 30ppmiyc 1d6ppmiyc
Hole fillingresm |151+¢ |Low CTE 30ppmioc 100ppm/c

* Tg measurement: Per TMA method

Evaluation method:
DC Current Induced Thermal Cycling Test
(IPC-TM-650: 2.6.26)."
Three minutes of heating is followed by two minutes cooling. (max.150 degrees Celsius)
Pre-treatment:
Ambient to 230 degrees Celsius in 3x3 cycles
The number of cycles:
2,000 cycles
Criterion:
Change in conductive resistance 10%
Sample size:
n=6
Test pattern:
Daisy chain pattern for PTH, IVH & MVH

The design rules are shown in Table 2.

Table 2 — Design Rules

Item Nominal value
FTH |Finished diameter 0.30mm
Land diameter 0.60mm
Plate thickness 25 Um
IVH  |Finished diameter (. 20mm
Land diameter {.60mm
Plate thiclness 25 Um
MVH |Finished diameter (top) 0.110mm
Finished dizmeter (bottom) 0.090mm
Land diameter 0. 30mm
Plate thickness Filled via hole

The MTTF (mean time to failure) results obtained for each base material type from the evaluation are shown in Table 3.
Failures happened in order of PTH, IVH and MVH. The failure results caused in PTH, IVH and MVH (three-step stack) of
the base material (a) are plotted on the Weibull Probability Paper and are shown in Figure 2. Upon comparing the results for
various base material types, we confirm that the combination of high-Tg material with low thermal expansion specifications
does not cause more failures than using FR-4 material. Furthermore, in the stack-via-hole area, it is assumed that cracks tend
to be caused from the increase in distortion resulting from the difference in thermal expansion between the base material and
copper when the number of build-up steps increases. When we checked the failure modes, barrel cracks and corner cracks
were detected on PTH and IVH (see the Figures 3 - 6). In the case failure on MVH, corner cracks of MVH were also detected

(see the Figures 7 and 8).
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Table 3—- MTTF

Baze material
a b [ d
PTH 191 84 962.65 604 58 pass
TVH 31326 1175.54 100296 pass
MVH (1 step) pass pass pass pass
MVH (1':1 step) pass pass pass pass
MVH (3“1 step) 1492 62 pass pass pass
(cyele)
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Figure 2 — Weibull Probability paper (Base Material (a) by Via Hole Types

Figure 4 — Barrel Crack of IVH
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Figure 7 — Corner Crack of MVH (Upper Via Hole)
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Figure 8 — Corner Crack (Lower Via Hole)

As a result of this evaluation, it was verified that the connection reliability was superior in the order of MVH, IVH and PTH.
In order to enhance the total connection reliability, we believe that it is necessary to improve the connection reliability of
PTH and IVH in particular. For both the PTH and the IVH process, it is generally said that a thinner board causes fewer
problems. To verify this, we produced evaluation purpose PTH boards with a 1.6 mm board thickness. These thinner boards
were achieved by making the prepreg thinner for the substrates (a) and (c) (see Table 4). It was ultimately verified that a
thinner board provided superior reliability in connection.

In order to find out the extent of failures as a function of smaller MVH, we made three-step stack via holes using base
materials (a) and (c), each under the two types of laser fabrication conditions. The average value of MVH diameters obtained
is given in Table 5. The evaluation revealed that the first failures happened during the 10th cycle on base material (a) and
during the 58™ cycle on base material (c). The results of the evaluation of the base material (a) are shown in Figure 9 as an
example. Comparing the “m” values (i.e., shape parameters) on a Weibull distribution, we can see that under laser fabrication
conditions (ii), when m < 1, failures occur early. In the case of laser fabrication conditions (i), m > 1, the occurrence of
failures is relative to the elapse of time. Checking the failure mode under the laser fabrication condition (ii), it was found that
the copper plated walls of the hole became thinner as a void occurred within the MVH (see Figure 10). The root cause was
the difficulty in circulating the foaming solution and copper plating solution within MVH during the copper plating process
due to the higher aspect ratio from a decreased MVH diameter. In promoting smaller diameters of MVH, attention must be
paid to ensure the setting of the MVH diameter and the dielectric thickness. To achieve a stable volume production, it is also
necessary to establish a quality assurance process aimed at eliminating voids within MVH. In order to satisfy the 200 cycle
requirement of the DC current induced thermal cycling test, it is necessary to ensure the reliability of PTH or IVH and use
either a high-Tg material or a material of low thermal expansion. With regard to MVH, an MVH diameter of approximately
0.100 mm is desirable to correspond with a thickness of 0.06 mm between build-up layers. It is necessary to carefully
examine the manufacturing specifications of chip carrier applications since their design rules and base materials are different
from those of general printed wiring boards.

Table 4 - MTTF
Board thiclmess Base material
a [
PTH 2.0mm 191.84 694 58
1.6mm 24043 1051.46
(cycle)

Table 5 — Average Values of MVH

Laser fabrication conditions

(i) (ii)
Via hole diameter |Top 0.111mm 0.082mum|
Bottom 0.092mm 0.061 mum|
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Figure 9 — Weibull Probability paper (Base Material (a); by Via Hole Diameters)

Figure 10 — Void of MVH

Insulation Reliability

In line with the advancement of narrower pitches for surface mounting components, pitches between MVH and MVH are
also becoming narrower. We have undertaken research to find out how the reduced distance between MVH and MVH affects
insulation. We used the test pattern that combined MVH in a comb-type pattern as shown in the Figure 11 and in accordance
with the design rules described in Table 6. Four kinds of base materials were used for the evaluation test, namely base
materials (a), (b), (c) and (d), as shown in the Table 1. The thickness between build-up layers was 0.06 mm.

Table 6 — Design Rules
MVH pitch| MVH hole| Inner land| Outer land | Distance between
diameter | diameter | MVH hole walls

050mm | 0.10mm | 030mm | 0.30mm 0.40mm

O45mm | 0.10mm | 0.25mm 25nmm 0.35%mm
040mm | 0.10mm | 0.20mm | 020t 0.30mmm
035mm | 0.10mm | 0.15mm | 0.15mm 0.25mm
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(Outer laver) (Inner layer)

* The mumber of MVH: Vertical 20 rows x horizontal 20 rows
Total 400 places

Figure 11 — Test pattern

Evaluation method:
Moisture and Insulation Resistance (IR), Printed Board (IPC-TM-650, 2.6.3F) ? Class 2, 50+/-5 degrees Celsius,
85-93% RH, DC 100V, for 7 days (168 hours).
The test was conducted in accordance with all of the above conditions except for the test duration, which continued for
up to 500 hours. We measured the IR of the samples every 10 minutes under the test environment.
Pre-treatment:
50 degrees Celsius for 24 hours
Criteria:
No measling, blistering, delamination, etc. is allowed.
Insulation resistance should be at least 500 x 10° ohms.
Sampling size:
n==6

The results of this evaluation are provided in Table 7. The evaluation found no failures on any of the samples for the 168
hours of testing that is the standard requirement for the IPC-TM-650 Environmental Test Method 2.6.3F. However, our longer
test duration found that 1 out of every 6 samples of base material (a) with a 0.35 mm MVH pitch (a distance between hole
walls of 0.25 mm), had a failure after 434 hours. When we checked the defective portion, a conductive anodic filament
(CAF) was discovered (see the Figure 12). Because the results well satisfy the standard 168 hour requirement, we conclude
that there is no problem with an MVH pitch of 0.35 mm or more (or a distance of at least 0.25 mm between hole walls) on
any of the base materials. (See Figures 13-16)

Insulation reliability apparently varies depending on the resin and the glass cloth within the base material. It will be important
to select an appropriate base material in consideration of the customer’s requirements and the design rules.

Table 7 — Evaluation Results

MVH pitch Base material
a b c d
0.50mm pass pass pass pass
(.45mm pass pass pass pass
0. 40mm pass pass pass pass
- NG 1/6
0.35mm {3405) pass pass pass
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Figure 12 — Location where CAF Happened
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Figure 13 — 0.35 mm MVH Pitch on Base material (a)
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Figure 14 — 0.35 mm MVH Pitch on Base material (b)
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Figure 15 - 0.35 mm MVH Pitch on Base material (c)
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Figure 16 — 0.35 mm MVH Pitch on Base material (d)

Conclusion
The evaluation verified that the connection reliability was highest in MVH, followed by IVH, and then PTH.

For the base material, a high-Tg material with low thermal expansion properties is recommended as no failure was found
after completing a total of 2000 cycles.

In general, the thicker the board, the more problems occur in IVH and PTH. To improve the reliability in products with a
higher layer count, it is desirable to use base materials with both high-Tg and low thermal expansion properties. Assuming
there is no restriction on the impedance specification or the like, we suggest, to improve connection reliability by reducing
the total thickness, using a 0.06 mm thick inner layer material and a 0.06 mm thick prepreg.

In promoting smaller diameters of MVH, the aspect ratio of MVH becomes higher, increasing the risk of a void on the
copper plate, thus greater care is required in the setting of the thickness between the build-up layers. To allow for volume
production, an MVH diameter of 0.100 mm is desirable if the thickness between the build-up layers is 0.06 mm. In order to
realize a higher aspect ratio of MVH, consideration must be given to de-foaming during copper plating, the method for
circulating the copper plating solution within MVH, and the reduction of glass projection from the hole walls.

In regard to the insulation reliability, care is required in the selection of base materials even though no problem was found for
an MVH pitch of up to 0.35 mm.

To further enhance the reliability of high layer count build-up printed wiring boards, it is necessary to optimize the base
materials in regard to the board thickness, PTH diameter, IVH diameter, MVH diameter, and copper plate thickness. By doing
so, we hope to offer more attractive products and services in the future.
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TNCSH - | |
AT Characteristic of Evaluation Board Materials

Actual Measurement

Material Classification Tg CTE (Z-axis
ol <Tg a2 >Tg
Base material | a |FR-4 131 86ppm/ 264ppm/
b |Halogen-free | 152 42ppm/ 200ppm/
c |HighTgFR-4 | 171 78ppm/ 273ppm/
d |Low CTE 163 30ppm/ 146ppm/
Hole filling resin Low CTE 151 30ppm/ 100ppm/

Tg measurement TMA Method (Therma Mechanical Analysis Method)

CTE: Coefficient of Thermal Expansion
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= Design Rules

Item Standard

PTH Finished diameter @0.30mm
Pad diameter 0.60mm
Plating thickness 251m

IVH Finished diameter @0.20mm
Pad diameter ¢0.60mm
Plating thickness 25]m

MVH |Finished diameter (top) 0.110mm
Finished diameter (bottom) ¢0.090mm
Pad diameter 0.30mm
Plating thickness Filled via hole

We manufactured the build-up layers using 1 ply 0.06mm prepreg (#1080).

The maximum thickness was 0.08mm.
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= Evaluation Method
/ DC current induced thermal cycling test \
IPC-TM-650, 2.6.26: The cycle time was 3 minutes of heating (max. 150 degree
Celsius) followed by 2 minutes cooling.
Pre-treatment: Ambient to 230 degree Celsius in 3 minutes x 3 cycles.
The number of cycle: 2,000 cycles
Criteria: Resistance change is max. 10%
Sample size: n==6
\ Evaluation pattern: Daisy chain pattern for PTH, IVH and MVH /
Heating-up Cooling-down
3 minutes . 2 minutes

A
v
A
\ 4

150deg. Celsius

Room TEMP
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/TNQ Evaluation Result

MTTF (mean time to failure)

Base material
a b C d
PTH 191.84 962.65 694.58 pass
IVH 313.26 1175.54 1002.96 pass
MVH (1% step) pass pass pass pass
MVH (2”0I step) pass pass pass pass
MVH (3" step) 1492.62|  pass pass pass
(cycle)

Failures occurred in order FR-4, high-Tg FR-4, halogen-free
and low CTE.

When the number of build-up steps increases, failures are
more likely to occur.
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/TNQ Evaluation Result

0 Int Inln 1/(1 - F(t))
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Failures occurred in order PTH, IVH and three-step MVH.
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/TNQ Failure Mode PTH

Barrel crack

Corner crack
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Barrel crack
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_——= Solutions to Improve Reliability of PTH and IVH

The most important point is reliability improvement method of

PTH and IVH.
The improvement method Total PWB thickness 2.0mm 1.6mm
using 0.06mm base material and prepreg
MTTF(PTH)
Board thickness Base material
a C
PTH 2.0mm 191.84 694.58
v
1.6mm 240.43 1051.46 Better

(cycle)

Reliability can be improved by reducing PWB thickness.




rd
/TNQ Influence of MVH Diameter

If MVH diameter is smaller, what occurs in reliability ?

Fit) (%) Int Inln 1/(1-F(t))
-2 -1 0 1 2 3 4
| T | T T , T , T , T , T 2
991
951
83r “ ] Q
O
2(2;
10r
5 Laser fabrication conditions 1-3
3 -
() ( 14
1ir MTTF 1492.62 481.82
1-5
5T m 312 0.57
31 i
n 1668.61 296.00 []©
1k l I I I l L 1 11 l l l L1 )
A 2 3 5 7 1 2 3 456 10 20 30 50 70 103
cycle (cycle*10" 2)

Base material (a)

When MVH diameter is smaller, failures are more likely to occur

at the initial stages.
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Faillure Mode MVH

The copper plated walls of the hole became thinner as a void
occurred, when the MVH diameter was 0.075 mm.
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Technical Theme

Manufacture technology

Prevention of the void

The liquid circulation and de-foaming method in the MVH
during the plating process.

Inspection technology
Inspection of the void

e.g. The void inspection is possible by using X-rays.

Normal(section)




Section Summary

The result

Failures occurred in order FR-4, high-Tg FR-4, halogen-free
and low CTE.

Failures occurred in order PTH, IVH and three-step MVH.
When diameter of MVH is smaller, failures are more likely to
occur at the initial stages.

The improvement method

As for the PTH and IVH
High-Tg FR-4 or Low CTE
Reducing board thickness.

As for the MVH
The aspect ratio at which the void does not occur needs to be set
up.
e.g. Aspect ratio 0.6
MVH diameter 0.100m - Dielectric thickness 0.06mm.
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Insulation Reliability
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W Evaluation Board

Test pattern

The number of MVH
Vertical 20 rows

x

horizontal 20 rows

Total 400 places

Outer layer Inner layer

Design rules

MVH MVH hole| Inner land| Outer land | Distance between

pitch diameter | diameter | MVH hole walls
0.50mm 0.10mm 0.30mm 0.30mm 0.40mm
0.45mm 0.10mm 0.25mm 0.25mm 0.35mm
0.40mm 0.10mm 0.20mm 0.20mm 0.30mm
0.35mm 0.20mm 0.15mm 0.15mm 0.25mm

22



TNCS
//—“

Evaluation Method

-

/ Moisture and Insulation Resistance Printed Board

IPC-TM-650, 2.6.3F Class2 50+/-5 degree Celsius 85-93% RH DC 100V 7 days
(168 hours)

Pre-treatment: 50 degree Celsius for 24 hours

Criteria: No measling, blister, delamination, etc. are allowed.
Insulation resistance shall be 500 x 10® ohm or more

Sampling size: n==6

~

/

The test was conducted in accordance with the above

conditions except for we carried out the test up to 500 hours.

We measured insulation resistance of the samples every 10
minutes under the test environment.
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= Evaluation Result and Failure Mode Yo
MVH pitch Base material
a b c d
0.50mm pass pass pass pass
0.45mm pass pass pass pass
0.40mm pass pass pass pass
NG 1/6
0.35mm 434hr pass pass pass

CAF (conductive anodic filament)

was found.
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Insulation Resistance
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Time[hr] Time[hr]
0.35 mm MVH pitch on base material (c) 0.35 mm MVH pitch on base material (d)

The evaluation found no failures for the 168 hours of testing.
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INQ Section Summary

The evaluation found no failures for the 7 days of testing.

Failures occurred in FR-4 after 434-hour progress.

1 1

IPC-TM-650, 2.6.3F Class 2 was passed.

There is no problem with the insulation reliability,
under following conditions.

Base material (a),(b),(c) and (d).
The MVH pitch is 0.35 mm or more.
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INQ Conclusion

Recommendation for the higher reliability

Base material

High-Tg FR-4 with as low CTE as possible.

Thinner material as possible.

Design rules

Set up the aspect ratio which has a margin in MVH.

The MVH diameter is 0.100 mm is demanding if the thickness between
the build-up layer is 0.06 mm.
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IN,C_SI Our Message

According to the demand of the customer for interconnection
reliability, we study what material should be used.

1

We will offer a highly reliable product at a competitive price.

We hope to offer more highly reliable products and services
in the future.
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