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LN Development issues, items, and analyses of each material of the printed wiring board

Loss Material Development issue  Item Analysis
Dielectric ~ Base/cover Low dielectric Dk and Df measurement Cylindrical cavity resonator, Balanced-type circular disk resonator
loss material constant (Dk) and system
+ filler low dielectric loss Chemical structure Supercritical methanol decomposition GC-MS,
tangent (Df) Supercritical methanol decomposition LC-MS,
Pyrolysis GC-MS, 13C solid-state nuclear magnetic resonance
(NMR), FT-IR
Low water Water absorption rate Gravimetric analysis (JIS C 6481),
absorption measurement Heat evaporation Karl Fischer analysis
Low coefficient of Coefficient of thermal High sensitivity thermomechanical analysis
thermal expansion ~ expansion measurement
Suppression of polar Molecular mobility Pulsed NMR
group mobility
Surface roughness  Roughness analysis Contact-type surface roughness measuring instrument, Confocal
microscope
Low Dk and low Df Dk and Df measurement =~ Cylindrical cavity resonator, Balanced-type circular disk
system resonator
Particle size distribution Laser diffraction analysis, Cross-section scanning electron
microscopy (SEM), Image-analysis particle size distribution
Content Inductively coupled plasma atomic emission spectroscopy
(ICP-AES), Inductively coupled plasma mass spectrometry
(ICP-MS)
Dispersibility Compatibility Hansen solubility parameter
base/cover material Dispersibility Ultrasonic spectroscopy, Pulsed NMR, Centrifugal sedimentation,
and filler Rheometer
High thermal Particle size distribution Laser diffraction analysis, Cross-section SEM, Image-analysis
conductivity particle size distribution
Adhesive Low Dk and low Df Dk and Df measurement ~Cylindrical cavity resonator, Balanced-type circular disk
system resonator
Conductor  Surface-treated Low surface Surface observation Laser microscope, SEM, Confocal microscope
loss foil roughness Specific surface area Gas (Kr) adsorption-desorption isotherm
Interface between  Adhesion Adhesion test Peel test, Surface and interfacial cutting analysis system (SAICAS)
base/cover Surface analysis X-ray photoelectron spectroscopy (XPS), Time-of-flight secondary

material and

ion mass spectrometry (TOF-SIMS), etc.

surface-treated foil

Surface observation

SEM, Transmission electron microscope (TEM), efc.
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Base/cover material
(ex. polyimide film)

Conductor (ex. Cu)

Adhesive
Schematic view of a printed wiring board
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fliL7z. KV A I FORKE /v — OEMHER

LEL WA Specific surface area and surface observation of raw foil and surface-treated foil (1) (2)

Gas (Kr) adsorption-desorption isotherm
(specific surface area)

Surface observation

SEM

. 2 1
Raw foil 0.018 m*/g Rz: 0.0982 ym
= Ra: 0.00554 pm
Surface-treated foil (1 0.028 m?
urface-treated foil (1) m?/g Rz: 0.735 pm
¥ Ra:0.109 ym
Surface-treated foil (2) 0.046 m?/g

) Rz: 1.93 pm
A2 Ra: 0.232 pym

AFM: Atomic force microscope, SEM: Scanning electron microscopy, Rz: Surface roughness depth, Ra: Arithmetric average roughness
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Pyromellitic acid tetramethyl

Abundance

b — o ’ll
T T T T T T T T T T

Estimated chemical structure of polyimide (1)

Retention time

BN  GC-MS TIC chromatogram of polyimide (1) decomposed by supercritical methanol

0 0
Pyromellitic acid tetramethyl

X

Abundance

/

OO

Estimated chemical structures of polyimide (2)

\ ( > <:> /
N O N
/ \

N,N,N’,N’-tetramethyl-4,4’-diaminodiphenyl ether

- OO
N (0] (0] N
O X

N,N,N’,N’-tetramethyl-4,4’-bis (4-aminophenoxy)biphenyl

Retention time

B GC-MS TIC chromatogram of polyimide (2) decomposed by supercritical methanol
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BT 3C solid-state NMR spectrum of polyimide (2)
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Estimated chemical structures of polyimide (2)

*: Molar ratio calculated by 13C solid-state NMR

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

13C chemical shift (ppm)

LEIERE  Results of physical property measurements and chemical structure analysis of two types of polyimides

Evaluation item Method Polyimide (1) Polyimide (2)
Dielectric constant Cylindrical cavity resonator (10GHz) 3.33£0.02 2.96 +0.01
Physical Dielectric loss tangent ASTM D 2520 (JIS C 2565) 0.0256 + 0.0003 0.0097 + 0.0002
property Test methods of copper-clad laminates
measurement Water absorption for printed wiring boards 2.5% 1.4%
JIS C 6481
Polycondensation product: ~ Polycondensation product:
o4 4-diaminodiphenyl ether ~ ©4,4"-bis(4-aminophenoxy) biphenyl
. ¢ Pyromellitic dianhydride e Pyromellitic dianhydride
e Supercritical methanol o R N R
decomposition GC-MS i:@:(( C ;:@:((
N, N- O N, N- O O
e Supercritical methanol % J { Q }n % ) ( . . >m
Chemical Chemical structure decomposition LC-MS .
R Polycondensation product:
structure e Pyrolysis GC-MS S
. . o4 4’-diaminodiphenyl ether
analysis o 13C solid-state NMR o .
OPyromelhtlc dianhydride
oFT-IR
(m n=11:1)
Imide group .
. (Calculated by chemical structure) 36.6 wt% 26.4 wt%
concentration
Table 312789, FVAIFQXDEFRVA I FQ) HOEHEL OMHBEBRARD &Nz bk
DB TEROKEEE /) ~—2FHLTED, 1 %ﬁiﬂofé@@%%&ﬁ%%?b@‘m?%m
L RO EHEAMEN T LA 572, TS, BRI B Z & CURHBRPEICI 1) 2T

WekEl L OCFEREE SRS Z->THD, 43I F

fohs 2L z2litsd 5,
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