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I 3t 7o)t & A7l = 712<] HDI 71%3 MSAP 7|&S &3ete] Algket slo]He|= vha o]
SLPe| A1=|Ad-8 A7} FAEA S o] &3t EA 313t 53] 24 2] SLP AAE #Iste] 22|28 I (prepreg)®] £/,
A, S5, vlo]A ZY]ok(microvia)®] Z7] % misalignment7} vlo] A ZH]o}e] A FA nX = FEFS IST
(Interconnect Stress Test) AlES o]&-3F GArlo]F& A=A Ag} §3k24 S48 T35l L&A SLP &4
Ql T =y 2o EoFATT A e S5 mfo|ARH|o}] AL FA FrtetH, ez 1] FATL SRETE A1
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9] 7 S7FEE S nlo] Az n]ofe] A8 ZHAET) B8 misalignment’} 9 2121432 4SS 58] o5
QIAE FollA Ze| =y o] EoAIS7L rlo]AZM|ole] 2ol 7P & =S v 4] %E—Iﬂgﬂ‘—? Qj =AY
Aot 2 dAe o, o] WS E nlo|agu|oke] AlZ|dS FUeti ). & A wX|EA o] A= S SLP
71 Az AEA S e f8g A vhelEeRRIo R E8E Flo s wdEr)

Abstract: Recently, market demands of miniaturization, high interconnection density, and fine pitch of PCBs
continuously keep increasing. Therefore, SLP (substrate like PCB) technology using a modified semi additive process
(MSAP) has attracted great attention. In particular, SLP technology is essential for the development of high-capacity
batteries and 5G technology for smartphones. In this study, the reliability of the microvia of hybrid SLP, which is made
of conventional HDI (high density interconnect) and MSAP technologies, was investigated by experimental and numerical
analysis. Through thermal cycling reliability test using IST (interconnect stress test) and finite element numerical analysis,
the effects of various parameters such as prepreg properties, thickness, number of layers, microvia size, and misalignment
on microvia reliability were investigated for optimal design of SLP. As thermal expansion coefficient (CTE) of prepreg
decreased, the reliability of microvia increased. The thinner the prepreg thickness, the higher the reliability. Increasing
the size of the microvia hole and the pad will alleviate stress and improve reliability. On the other hand, as the number
of prepreg layers increased, the reliability of microvia decreased. Also, the larger the misalignment, the lower the reliability.
In particular, among these parameters, CTE of prepreg material has the greatest impact on the microvia reliability. The
results of numerical stress analysis were in good agreement with the experimental results. As the stress of the microvia
decreased, the reliability of the microvia increased. These experimental and numerical results will provide a useful
guideline for design and fabrication of SLP substrate.
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Fig. 4. Temperature profile measured during thermal cycling test.

ol Me] mhol =iz Ho} A AT 47
L
2L HDI
3L MSAP
4L HDI
MSAP
5L
HDI
6L
MSAP
7L
sL HDI
MSAP
9L
HDI
10L

Fig. 3. Schematic drawing of hybrid SLP using MSAP (modified
semi additive process) and HDI (high density interconnect)
process.
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Fig. 5. Finite element modeling modelling of microvia and SLP.
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Table 1. Material properties of test vehicle PCB model

Material Young’s CTE Poisson’s
modulus (Pa) (ppm/°C) ratio
Prepreg 24E+10  12/15/40 (x/y/z) 0.13
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43E9 (76°C) /
5.2E9 (124°C) /

72 (131°C) /
86 (161°C)
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Table 2. Prepreg properties used in the simulation

Property Unit Type A Type B Type C
Z-CTE (before Tg)  ppm/°C 40 35 57
Z-CTE (after Tg)  ppm/°C 180 230 316
Tg (TMA) °C 165 165 150
Young’s Modulus GPa 24 23 24.5

Table 3. Results of thermal cycling test according to prepreg type

Prepreg type A B C
Failure cycle 865 764 565

SEM WY S0V WO: 524 men l

SEMMAD 27, ax Owt 3L

MM NV SO WO S e
SEMMAD. T Owt 32

Fig. 6. SEM image of crack generated in the microvia during
thermal cycling test for type C prepreg.
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Table 4. Results of thermal cycling test according to prepreg
thickness
Thickness of
prepreg (um)
Failure cycle 865 600 542

30 35 40

Table 5. Results of thermal cycling test according to via hole and

pad size
Hole/pad size (um) 80/200 80/170 70/170
Failure cycle 542 326 160
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Table 6. Results of thermal cycling test according to PCB layer

numbers
Number of PCB layer 8 10 12
Failure cycle 662 542 534
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Fig. 7. Stress distribution of the test vehicle SLP model in the
thermal cycling condition.

Fig. 8. Magnified strain distribution map in the middle of 10 layer PCB during thermal cycling test.
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Fig. 9. Stress distribution map of SLP during thermal cycling for different types of prepreg materials.
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Fig. 11. Maximum von Mises stress values of SLP during thermal
cycling for different prepreg thicknesses.
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Fig. 14. Optical cross-sectional image of PCB sample which has
misalignment during fabrication.
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