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Terminal Group Analysis of Photopolymerized Product by MALDI-TOFMS

OO0O0O® Makoto Kaji OO0O0oOoO" Yukiko Muramatsu
Ooooo®?  Akihiro Unno OO0OO®? Osamu Hirai
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Photoinitiation and termination processes of photopolymerizable systems were
studied using matrix-assisted laser desorption ionization/time of flight mass
spectrometry (MALDI-TOFMS), which can precisely analyze the mass of large molecule.
Terminal groups of photopolymerized products of a single function monomer were
assigned to specific chemical structures. From the two-component photoinitiator
system comprising biimidazole and hydrogen donor, adding to confirming previously
known reaction paths, a chain transfer termination with a mercaptan as hydrogen
donnor and an initiation path via non-decarboxylation with N-phenyl glycine were
identified. A self-dissociation type photoinitiator, benzil dimethylketal, was also
subjected to the terminal group analysis, and then the merit as a tool for
photopolymerization mechanism study and remained work were discussed.
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Table 1 Results of MALDI-TOFMS analysis

Only hydrogen donor originated terminal groups were identified for two
systems.
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Effect of Wire Crossing on High Speed Differential Signaling of MWB

0000 Koji Ota
OO000% Eisaku Namai OOOgg®"  shigeharu Arike

ogooooooooovmwBOODOOOOoDOOOoOoOooOOoOoOoooOOoooobooon
goooboooobooooboobooobooooboooobooboooooooboooon
ogoooboooooobooooooboboobooooboboooooooboboooooa
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The multiwire board (MWB) is a Printed Wiring Board (PWB) that uses copper wire
of a uniform diameter pre-insulated with polyimide resin to form a circuit for signal
transmission that allows cross wiring. As a result, MWBs allow for easier wiring pattern
designs, and can offer stable electrical characteristic impedance, making them suitable
for use as the backplanes of computer systems. Recently, many computer systems have
adopted differential signaling with the use of high-frequency digital signals above 1 GHz.
We examined the electrical properties of MWBs with regard to differential signaling and
found that large gain attenuation will exist at certain frequencies when the signal line
has periodic wire crossing points. This phenomenon is caused by the superimposition of
multiple signal waves reflected at the crossing points. In addition, we have developed a
prediction procedure based on the wiring data.
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Fig. 1 Perspective diagram of MWB
The multiwire board (MWB) uses copper
wire of a uniform diameter pre-insulated with

000000000 o . _— .
polyimide resin to form a circuit for signal

transmission, allowing cross wiring.

00 0ODOOoO0oO0DOO0 ODDboo0o0O 000000000000 DOO0O0 Dooo°t"00 oDoooooo

0000000000000 No.47 2006-70 11



oooboooooobooboooooboboooooooon
ogooooouooooooooooobobouooooo=d

ooooMwBO OOoUooooooooooooooon
ooooooooboooomwBOOOOOOOoOOoOoOoooOoOooOo
Ozdiff0 000000000000 O0O0O0O0OO0OO0OOO0OO0
ooooooooooooooooooooooooooo
ooooooooooooooooooooooooooo
ogoooooo:gooooooobooooooooooao
MwBOOOOOODOUOOOOOOOOoOOooooooooo
oooboooooobooooooobooooooooon
obooooobooooooooooooooboooooboo

oo oood

2,1 JOOO0OooOoooooo
Ogooooooooooooooooooooooooono
Jooooooooooooooooooooooooon
goobooooooboooooo
00000000000 @ 80 ymd 00O @ 160 pmd MWB
Jooooooooooooooooooooooooono
gooogoz22smmiiddoddnOoiloods00 mmbOoOoonOonO
Jgo0oooooooooooolleemmbooooooono
ooooobOoOooooooDooooooooobooooo
ogoooooDooooi10D4d/mmioonoonoooooo
ooooOoObObO0o0oooooobobOoooUooooboooooo
0 O SMAL Subminiature Type AU O DO OO OOOO
Ooooooooooooooooooooooooon
Oooooooooooooooooooooooooon
Jooooooooooooooooooooooooon

0000000 1500 500 mmO 00 0O 0.23 mmO
\
|
! < Coooooo
|
i

N A

SMAOOOO e
0OoooOooOooo ooooo

0000000000000 0oOoDDOOO0OO0OO0O0O00O0oooooooDin4
O/mmbOO0000O00O0O0ODOO0ODOO
Fig. 2 Example of wiring pattern

The two signal lines intersect other wires at right angle. The density of
crossing wire is one to four per millimeter.
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Fig. 3 Cross section of wire crossing (AU A”)
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Fig. 4 Cross section of the connection of wire with through hole (B)
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Fig. 5 Zdiff of a signal line with wire crossing
The impedance will mismatch at points P and Q because the differential
characteristic impedance Zdiff will decrease owing to the crossing wires.
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Fig. 6 Dependence of Zdiff on the density of crossing wires
The value Zdiff decreases in proportion to the density of crossing wire.
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Fig. 7 Wiring pattern with periodic crossing of wires
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Fig. 8 Zdiff of a signal line with periodic crossing wires
Step signals will be reflected sequentially at each point of periodic wire
crossing according to the wiring pattern.
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Peaks in the insertion loss will appear at specific frequencies according to the
periods of wire crossing sections. At these frequencies, signals reflected at the
wire crossing sections will superimpose in phase to decrease output signals.
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Fig. 12 Insertion loss calculated from the density of crossing wires

The peaks calculated at intersection points of designed data correlated well
with the actual measurements. It is possible to estimate the insertion loss
before manufacturing the board.
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Fig. 13 Calculated and measured insertion losses of MWB product

The current maximum density MWB product was examined. The complete
analysis of over a thousand of wires per layer proved that no loss peak would exist.
The result was found to correlate with the actual measurement.
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Low-modulus die-bonding films are useful for stacked multi-chip packages which are
suitable for compact electronic devices. In particular, to cope with the widespread
application of very thin semiconductor wafers and Pb-free solders, the films are
expected to have both low viscosity in the attaching process and high reliability of
bonding in the high temperature reflow process. We studied the phase structure and the
property of a new reaction-induced polymer alloy consisting of a low-modulus acrylic
polymer and a highly heat-resistant epoxy resin. As a result, this alloy film was clarified
to have both high resin flow and good reflow-crack resistance.
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Fig. 1 Manufacturing process of stacked MCP
The process includes a variety of individual processes such as laminating
and dicing.
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Fig. 2 Influence of the percentage of epoxy resin and hardener on peel
strength and flow length
The peel strength and flow length depend on the percentage significantly.
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Fig. 3 Influence of the percentage of epoxy resin and hardener on storage
modulus
Storage modulus hardly depends on the percentage between 30 to 70%.
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Fig. 4 Scanning electron micrographs of the surface of the epoxy/acrylic
polymer alloy film

Phase separation structure is observed at the surface of C-stage
epoxy/acrylic polymer alloy film.
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Fig. 5 Temperature dependence of the storage modulus for the polymer alloy
film at B-stage and C-stages

The B-stage film has a decreased storage modulus of 1 MPa at 900 ,
resulting in the improvement of laminating and filling.
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Fig. 6 Sample observation of the delaminated surfaces
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Fig. 7 SEM micrographs of the delaminated surfaces
The outermost layer consists of acrylic polymer layer only; dispersed phase
of epoxy resin is observed inside.
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Fig. 8 Schematic diagram of the morphology of the epoxy/acrylic polymer
alloy film

Only acrylic polymer exists at the outmost surface of the polymer alloy
contacting polyimide film.
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Fig. 9 Gibbs energy as a function of the percentage and molecular weight of
the epoxy resin and hardener

Phase separation is enhanced with the increase of molecular weight of the
epoxy resin and hardener used.
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Table 1 Property of cured films containing of various epoxy resins and
hardeners

Heat resistance of the film depends on the kinds of both epoxy resin and
hardener combined.
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Table 2 Property of the newly developed high-flow film
Developed film show a high flow value (more than 80 times that of the
conventional film) and good general properties.
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Fig. 10 Storage modulus of polymer alloy films with varying amounts of epoxy
resin and filler

The storage modulus can change over 30 times depending on the amounts of
epoxy resin and filler.
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Fig. 11 Relationship between die-bonding temperature and die-shear strength for
the developed film (HS-260)

HS-260 shows good die-shear strength at die-bonding temperatures of 1200
and above.
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Fig. 12 Frequency dependence of the storage modulus of HS-260 at B-stage
HS-260 has storage modulus highly frequency dependent compared with the
conventional films.
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Table 3 Properties of the developed filmO HS-26000
HS-260 has satisfactory reflow-crack resistance and excellent general properties.
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Fig. 13 SEM micrographs of the chip surfaces after dicing process
No burr is observed at the edge of the chip using HS-260.
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Fig. 14 Structure and the parts of the package for reflow-crack test
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New substrates (Cute series: Composite of Ultimate Thin and Elastic materials) for
ultrathin multilayer boards consist of ultrathin glass fabric and a novel low elastic
modulus thermosetting resin system. They are composed of various lineups with the
same resin system for the first time in the world: metal clad laminate (TC-C), prepreg
(TC-P), metal clad film (TC-F), and adhesive resin film (TC-A). Using these lineups, it
we can fabricate a variety of thin multilayer Printed wiring boards (PWBs). In
particular, with new laminate and new metal clad film, you can easily fabricate bendable
and multilayer parts in a unity. Since the coverlayer and the bonding sheet are
unnecessary, you can make thinner, higher density. In addition, they will make the
circuit manufacturing process simpler to provide thinner and bendable multilayer PWBs
with higher reliability.
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Fig. 2 Composition of Cute
Cute features using a novel low elastic modulus thermosetting resin system and

ultrathin glass fabric. Cute series are new substrates for bendable multilayer
boards.
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Fig. 3 ORIGAMI crane made of Cute PWB
PWB made of Cute has good bending ability
like ORIGAMI paper.
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Fig. 4 Product lineups of Cute series
Cute has four products (TCC,TCP,TCF, and TCA) with the same resin system.
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Fig. 5 Main features of Cute 4-layer build-up PWB
Using Cute materials, you can fabricate rigid and bendable parts
simultaneously in a unity.

« Cute 4-layer PWB . Conventional 4-layer RIF PWB
= —ih Same iuncion | S e I
Cover layer laminate process
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Reduce processes

b
Drilling/Cu plating Drilling/Cu plating
Patterningl Outer layer[] Patterning] Outer layerC]|
Solder resist Solder resist

Trimming) Rigidll

Unnecessary !

e
Trimming Reduce process

0004000000000 0cue0 000000 OOOOOOOODOO
Oooooo0oo0oo0oo0oo0o0o0o0ooDooooooooo0onooon
OoooooboOooooboooao

Fig. 6 Simplified process model for Cute 4-layer build-up PWB
Using Cute materials, you can reduce complex processes and simplify
design of PWBs.
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Table 1 Comparison of total thickness of Cute 4 layer boards

Cute is effective in decreasing total thickness of Rigid-Flex boards by
omitting unnecessary layers.

Cute 4-layer PWB

Items Conventional 4-layer R/F

Single core] 85y m

TCFO 500 m P/P0 NFLII50p m
Tecn 50“ - BT ECL03m
0 m Zles =8 e
. i FilmO 25y m
Constraction Cul18ym cud18wm
Plated CulJ 15y m S SPlated Cu
® ™ 0ooDsem
Material Product Thicknes§] um0 Product Thicknes§ pmOJ
Outer layel] L10 MCF 50 Single side 85
Adhesive layer Non-flow P/P 50
e — Unnecessary
Cover layer ) Cover layer 37
Inner layet] L20J L30J Core 50 PI film 25
Cover layer ‘ Cover layer 37
EPUTTr— Unnecessary
Adhesive layer Non-flow P/P 50
Outer layel] L4 MCF 50 Single side 85
Total thickness® 0 216 0 435

*[] Copper 18um, Plated copper 15um
PP H PP H Reduce thickness
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Fig. 7 Trimming processability of Cute materials
Cutting planes of TC-P and TC-C are very smooth compared with those of the
conventional FR-4 materials.

D Dust scattering test[] Testing conditionC]
The number of dusts was measured afte dropping prepreg.
Table. Result of dust fall test
Items Cuted TCO PO 100

FRO 4

4
1
I
l
I
l
1
;

Photo
[ After testl

I// Number of dust 10 1,400
*00 Number of dust measured in 30 s[J size[J 0 5 mm[

oooooooo(e-PO0DO0ODDDOOOO0OODDODOODOOOOO
0000000000000 0000FR-4000000000000000

Fig. 8 Good dust-free property of Cute prepreg (TC-P)
TC-P will hardly generate resin powders compared with FR-4.

Cul Rz=2-30J 18 pm

TC-C-1000 50 umO Max. 2600 or 288[1/10 s

Table Test results

Iltems Unit Non Max. 2600] | Max. 2880
Heat resistance cycle O 0 10 0 10
Peel strength* kN/m 0.84 0.86 0.84

*0 After 10 cycles

oooTec-c-1o00000nbbodobnbobooooonnnoMax.2600
O00dz2gg0000001000000000000O000O0O000O0O000O
gooooooooOooooo

Fig. 9 Reflow resistance of TC-C-100
After ten times of the reflow of 2880, TC-C-100 will not change the
appearance and the peel strength between substrate and copper foil.

oo TC-c-1000 00 TC-C-100 TC-C-300 | TC-C-500 FR-4 PI film
OO0 Tcioooooon Items Unit 0 Under development 2-layer CCL
0oooooooooooo Standard type | Halogen-free | Halogen-free
ooooooooooooon Heat resistance 288 o C Float 0180 0180 0180 060 [}
ooo0O0OO0O000 CTE xy ppm/o C | 5.0-7.0 12-15 20-25 14-16 13-16
I VA CTE z* ppm/o C | 300-400 150-250 150-250 50-70 0
poooooo Tg 1‘;%'_?%’0 li%'j%/o 180-200 120-130 240-280
Table 2 General Elastic modulus | E'0J 25 o CO DVED 6.0-9.0 6.0-9.0 3550 2327 5.0-7.0
properties of TC-C-100 Dk 1 GHz 3335 3536 3.6-3.7 4.0-42 3.4-35

TC-C-100 has low Df 1 GHz 0.021-0.023 | 0.009-0.010 | 0.020-0.021 | 0.021-0.023 | 0.005-0.010
elastic modulus and good ™~y ater apsorption PCT 3 h wi% 0405 0.4-05 0506 1.3-1.4 0.7-0.9
heat resistance; Cu peel strength |18 il Rz=2-3 pm(] 0.7-0.9 0.7-0.9 0.7-0.8  |14-16Rz=4-50| 0.7-0.9
moreover, compared with Dimensional After Et0 MDO -0.01 0.03 0 O O -0.03+ 0.05
Pl ilm, it has similar low stability After Et0 TDO 0.01+ 0.03 O O O -0.05+ 0.05
Dkand better Flammability* uL VTM-0 OVTM-00 | OVTM-0O V-0 VTM-0
dimensional stability. *CTE zU 8 plies (Cute series), **(To be submitted for application)
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Fig. 10 Folding ability of TC100 series (180° bending)
Cute can cope well with printed circuit board of static bending usage in which it
is bent several times and built into the case.
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Fig. 11 Bending ability of TC100 series (90° bending)
Cute can endure 300-400 times of 90° bending.
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Fig. 12 Through hole reliability of TC100 series
Cute has the same good through hole reliability as the conventional FR-4
material.
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Fig. 13 Insulation resistance property of TC100 series

Cute has the same good insulation resistance property as the conventional FR-
4 material.
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Anisotropic Conductive Film Applicable to Finer Pitches for Chip-on-Flex
Output Interconnections
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Anisotropic conductive film (ACF) is widely used as an interconnecting material in
flat panel displays, particularly liquid crystal displays (LCDs). Chips on flex (COFs) are
replacing tape carrier packages (TCPs) due to their suitability for finer pitch
interconnections and their lower cost. This means that ACF for finer pitch applications
is required. To determine the optimal particle density to allow such applications, we
estimated the probability of a short circuit and the number of captured particles from
detailed simulation. We also determined the physical properties of the conducting
particles for ACF to be compatible with TCP interconnections, which will continue to be
used. Using our findings, we have developed an ACF (ANISOLM AC-4713) suitable for
finer pitch applications. It will improve connection reliability and insulation properties in
tight connection areas.
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Fig. 2 Failure due to misalignment
Large misalignment can cause short circuits and conductive failures.

ooooooooooooooooooooooooooo
ofoooooobooooooooooTePOOOOOOOO
Ocor/TCcPOOOOODODODODODOODO

ooooooooooooooooooooooooono
OoobooooooooooooocorTCPOOOODOOO
AC-471300 00000000 O0OoOoO

000 ODoboooooooooooon

ooobooobooboooobooooooobooobooobooobao
ooobooooooboooboooooboboooobooooo
oooboo0oobooooob0oobo0obboobobOobbcor
O00000D0AC-4251FY-160 00000004 p00O0O0O0O
oos3000/mmO0O000O0OO0OO0OO0OOOODOOODNO15,000
pumO00000000001leumO0 000000000000
ooooooooood1l2zuymbd o4 umdoooooos
ooooooooooooooooboooooooos3 umb
oooooooo4oO0b0o0oo0oboboboboobooo
ogoooooooooboooooooooobooooobooog

oooog3uwmdooooOos3000/mmOOOO0O0OOO
000000000 DbDO4 pmOd 5,3000 /mm?0 AC-4251FY0
ooooobooobooobo3wmd4umd0oooOoO
ooooobooooooobboooboooboooswmbbooo
O04pymOO0O0O00O0O0O0O0OO0OOOOOOOOO" O3
co” DOOO0OOO0ODOO0obo400D0OO3IwmMOBbOOOOO
oooooooooboooboobobooooo0ons3 umis,300
O//mmO0O00000100000umO0O000000O0O00O0OOO0O
ooboooooooooooooo3swmbogoooooo
ooooooooooooooooooooooooooo
ooooooooooooooooooooooooooo
goooooooooooooooboooooooobooooo
obooooobooooboooo

gooobooooboooooboooobooooboooooo
oooobooooooboobooobooobooonAc-
4251FYOD 0008 pbO 00000000 O AC-4251FYO 20 3
pglroooopm 00000000 OO0DOOOOODOOODOD

Oooobooooboooobobo0obo0ob0x3c 0000000
Oo0o0oooooooooboooobonbno2r%bononon
O0o0b00o00o00o00o0nass0 ppmd0.135%00 000
ooooooooooooooooooooooooooo
ogoooooooooooooooooooooooooo
130ppmb 00000 OoOOnO

000000000010,000 um?

20
18}
16 -
14
12
10 -

& Ave.
AAve. 30

12.8

gooOooooo

A34

o N B O
T

L 0.4
3 um0 5,300 O/ mm?

4 um0 5,300 O/ mm?

Oobooboobooobo0oboobobobooooOonadsum-5,3000
/mm0000000000000000000000O000O00ex.10,000
mOO0000000000000000000000

Fig. 3 Effect of reducing size of conducting particles on number of captured
particles

With ANISOLM ACF of 3 pm-5,300 pieces per mm?, it is possible that no
conducting particles are captured in a tight contact area (e.g. 10,000 um?)
according to prediction of lower limit control.
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Fig. 4 Calculation model of short circuit simulation

Probability of conducting particles bridging the space between two
electrodes.
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Fig. 5 Short circuit simulation
Short circuit probability in 8 um space is 1,300 ppm or less for particle density
of 11,000pcs./mm? or less.
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Fig. 6 Simulation of captured conducting particles: Probability for the number
of captured particles to be less than five

The probability for the number of captured particles in 10,000 pm? to be less
than five pieces is 1,300 ppm or less for particle density of 9,000pcs./mm? or more.
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Fig. 7 Characteristics of physical properties of 3 um conducting particles
Particle B has both high recovery and good deformation.
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Fig. 8 Connection reliability in high-Temperature/high-humidity test (850 and
85% RH)

Paticle B (AC-4713) shows good connection reliability in both TCPs and
COFs.
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Fig. 9 Minimum number of particles and connection reliability in tight
connection area

Particle B shows stable connection resistance for COFs for four or more
pieces. AC-4713 shows good connection reliability in tight connection area of
8,400 pl 2.
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Anode Material for High Energy Density Rechargeable Lithium-lon Battery

OO0O00O% Yoshito Ishii 0000 Tatsuya Nishida
00000 Soichiro Suda 0000 Manabu Kobayashi

ogooo0ooooooooooooooooooboobooooobouobooooo
goooobooobilooooooooooooobooooboooobooboooooboooon
goooboooooobooooooboboobooooboooooobobooooa
ogoooboooooobooooooobobooboooobobooooboooooboooooa
oooobooooooboooooobbooboooobooooooboboooobo
O0oD0o0o0ooOoooo0oooooo0oDoDooo00l7< 100 kg/mOO00ooOonO
bobootooooooooooboooouooooo

00000360 A0ONKkgD O DO ODOODODODOO9%ODDODODODO0ODODO0O0O0O0O00n
O0017x 10 kg/mO00000O00OO0O0ODOOOOOOOOODOODOODOOOO
oobooboooooooooooooooooooooboon

Since lithium-ion batteries using carbon material as anodes first appeared on the
market, their energy densities have increased by approximately 10% every year. Carbon
anode materials have greatly contributed to the increase through improving properties
such as charge-discharge efficiency, discharge capacity, and possible electrode density;
however, further improvement is required to meet future high energy density
expectations. To approach the target, we have developed an excellent artificial graphite
by optimizing the particles and the pore structure. This graphite has a high discharge
capacity of 360 Al h/kg and charge-discharge efficiency of 95%. It can be used at
electrode densities higher than 1.7x 10° kg/m?. The new graphite can maintain superior
high-rate discharging performance even at electrode densities higher than 1.7x 10°
kg/mé3. This material will enable further advancement in battery performance.
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The capacity of lithium-ion batteries has increased by approximately 10%
gooooooogeonbbbnos30AldNKkgDOOOOOO ) - . )
every year. Their anode capacities and anode densities have also increased.
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Fig. 2 Sectional SEM
images of graphite particles

The developed material has
fewer pores inside its
particles than a conventional
material.
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Table 1 Powder characters of the developed material
The developed material has less pore volume and higher tapping density
than a conventional material.
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Fig. 3 Relationship between electrode density and XRD peak intensity ratio
00020 1100
The developed material has the least graphite orientation of the three tested
materials, especially at higher electrode densities.
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Fig. 4
The electrode coated with the developed material absorbs electrolyte solvent

faster than that coated with the conventional material.
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Table 2 First cycle charge-discharge properties
The developed material demonstrated the highest first cycle charge-
discharge efficiency of the three materials.
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Fig. 5 First cycle charge-discharge curves of for the developed material

The charge-discharge curves showed a plateau caused by the structural
change of Li-graphite intercalation compound. These plateaus are
characteristic of highly crystallized graphite. We call the lithium intercalation into
graphite as “charging”, and deintercalation as “discharging”.
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efficiency

The developed material showed the highest first cycle charge-discharge

relationship between electrode density and first cycle charge-discharge

efficiency of the three materials at high electrode densities.
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Fig. 7 Relationship between discharge current density and discharge capacity
retention

The developed material showed a slight decrease in discharge capacity at
higher specific discharge current densities.
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