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The performance requirements of polymer waveguides used in optical
telecommunication and their future opportunities are described in this paper. The
Internet technology supported by optical fibers has significantly facilitated the means of
communication, causing so-called information technology revolution. However, the
global expansion of the optical network is still limited by high installation costs, which is
a most important national issue in every country all over the world. Many technologies
for services, systems, equipment, components, and materials have been developed
competitively. The polymer waveguide is suited for mass production and has an excellent
cost performance ratio; therefore, it is to be utilized in the hybrid integrated optical
network units for home terminals. Fluorinated polyimides will be used for these units
because they have good optical properties, high heat resistance, and long-term reliability.
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Table 1 Relationship between information contents and storage media

Any kind of digital information can be stored in the same manner, whereas
the analog information needs specific storage media. Therefore, the digital
information can be easily delivered through the Internet, which will lead to an
explosive increase in the Internet use.
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Fig. 1 Technology trend toward full service access
networks

A unified communication system capable of dealing
with any kinds of service is needed, instead of a
different means of communication for each service.
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Fig. 2 Principle of the optical waveguide

A light beam incident on the waveguide within a specific angle to the axis
propagates through the core by being totally and repeatedly reflected at the
interface.
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Fig. 3 Schematic view of the optical transceiver module for optical network
units

A downstream optical signal (1.55 pm) transmitted from the central office
through the optical fiber passes through a thin film type wavelength division
multiplexing filter. It is converted into an electrical signal by the photo diode on
the planar lightwave circuit, then is processed by the terminal equipment. An
upstream electrical signal that has been converted into an optical one (1.3 pm)
by the laser diode is reflected by the thin film filter, which is then guided to the
optical fiber connected to the central office.
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Fig. 4 Comparison of optical fiber alignment methods

The active alignment method optimizes the relative alignment by monitoring
the light intensity through the interconnection. The passive alignment method
uses the optical fiber mounting V-groove as a guide without monitoring light
intensity, resulting in an easier assembling procedure. However it requires the
fabrication of the planar lightwave circuit and the V-groove to be very precise.
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Fig. 5 Effect of the misalignment of the center of optical fibers and optical waveguides on the coupling loss (simulation results)
Misalignment distance of 2 um brings an excess loss of about 1dB. The experimental results (not shown in this figure) were in good agreement with the simulation

results.
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Fig. 6 Experimental results of the misalignment between the centers of V
grooves (guides for mounting optical fibers) and the cores of optical
waveguides

The measured variation of the misalignment was within = 1.5 um, resulting in
an excess loss of 0.5dB.
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Fig. 7 Examples of cross-sectional
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The optical mode field at the facet
of the optical waveguide on the
optical fiber side must coincide with
that at the end face of the optical
fiber.
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Fig. 8 Reaction scheme of polyimide

Polyimides are polymerized from two kinds of monomers called dianhydrides and diamines; the
refractive indices of the resulting polyimides are determined at this stage of synthesis. Varnishes of
polyimide precursors called polyamicacids can be spin-coated on the wafer. Once imidization
reaction occurs by baking, the polyimides become insoluble to the organic solvents; therefore, the
piled structure required for optical waveguides can be easily fabricated by repeating spin-coating and
baking processes.
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Table 3 Factors influencing the propagation loss of optical waveguides

The factors can be classified according to: causes that are either intrinsic or
extrinsic to the material, or by either absorption or scattering. The dominant
causes in the near infrared region are vibrational absorption and the imperfect
waveguide structure of a sub-micrometer range at the core/cladding interface.
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Fig. 9 Fabrication process of polymer optical waveguides

The under cladding material is spin-coated on the substrate, followed by
baking, then the core material is coated and baked in the same manner. The
core layer pattern is made by reactive ion etching with photo lithography
technique. Finally, the over cladding material is spin-coated and baked.
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Table 4 Typical specifications for polymer planar lightwave
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0.35dB/cm@1.31pm

circuits for optical network units fabricated with fluorinated oog oo
o 0.50dB/cm@1.55pm
polyimide OPI
The sizes of optical waveguide cores for such usage must oog Oodo0o0ogo.sdB
be accurately fabricated according to the proper design. More 1.3/1.5pm0 00 ooooooo
important, the core must be precisely aligned both to the V-
. . X oo oOoooooo + 0.5u0 ooooooooo

groove for attaching optical fibers and to the electrodes for
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In the fields of optical data storage, imaging, and display,plastics are widely used in
place of glass. The growing need for higher performance optical devices and the
widening application of polarized light sources are increasing demands for optical
plastics that have both lower water absorption and lower birefringence.

To meet these requirements, we have developed a new type of optical plastic by
blending indene copolymer with styrene copolymer. We have also developed a cationic
polymerizing catalyst for the indene copolymerization.

The newly developed optical plastic demonstrated a low saturated water absorption of
0.12% and a low birefringence of 10 nm. In addition, it has a high glass-transition
temperature (Tg) and a high refractive index.

We are going to commercialize this new series of optical plastics shortly.
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Table 1 Birefringence and Water Absorption of Conventional Optical Polymers
New polymer must have both lower water absorption and lower birefringence.

ooo oo PMMA |O0O00O000O0O| OZ-1000 0Zz-1310
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Fig. 2 Three-Dimensional Structure of Poly (indene) (4 units)
The benzene-rings are nearly parallel to the molecular axis.
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Fig. 1 Optical Birefringent

The anisotropy of the refractive index
causes a difference in the phase of the light
wave.
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Fig. 3 Three-Dimensional
Structure of Poly (styrene)
(4 units)

In contrast to the case
shown in Figure 2, the
benzene-rings are nearly
normal to the molecular
axis.
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Fig. 4 Dependence of Oriented Birefringence on Blended Content of Poly
(indene)

Nearly 1: 1 blending of PSt (minus birefringence) and PIN (plus birefringence)
results in nearly zero birefiringence.
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Table 2 Dependence of Transparency and Tg on Molecular Weight of Poly
(indene)

High Tg (O 1250) is not consistent with high transparency in a simple polmer
blending of PIN and PS.
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Fig. 5 Effect of Stabilizer on Cationic Copolymerization of Indene/a -
Methylstyrene

The MPM stabilizer promotes smooth cationic polymerization in the presence
of 30 ppm water at room temperature.
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Table 3 Typical Properties of Newly Developed Plastic Compared to Conventional Plastics
In our newly developed plastic, low water absorption is consistent with low birefringence. In addition, the refractive
index and thermostability are sufficiently high compared to those of conventional optical plastics.
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Fig. 6 Photograph of Injection-Molded Slabs in Polarizing Systems
The slab is sandwiched between two polarizing filters in Nicol's orthogonal
arrangement.
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Fig. 7 Relationship between Refractive Index and Water Absorption

The difference in refractive indexes between wet (saturated water absorption)
and dry conditions is as small as 0.0002 for our newly developed plastic; that of
0Z-1310 is 0.0012.
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The Laser Direct Imaging (LDI) system is advantageous for manufacturing printed
wiring boards (PWB) since a sequence of photo-tool processes is not needed. The LDI
system is drawing the attention of PWB manufacturers which intend to improve yields
and shorten the cycle time. We have developed new photosensitive films, the SL-1000
series, that are suitable for UV-LDI systems. A novel highly effective photoinitiator
system was selected through a comprehensive photochemical study of the
photosensitivity. The films have a photosensitivity of 8-10 mJ/cm? and can produce

resist patterns with a stable resolution of 30-35um using the LDI system.
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Fig. 1 Steps in conventional process and in LDI system
The LDI system does not reguire a sequence of photo-tool processes,
improves the yield, and shortens the cycle time.
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Fig. 2 Schematic diagram of LDI system
Patterns are directly drawn on the photoresist layer with laser beams.
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Fig.3 Conversion rate and reaction time for photosensitive films using various
main photoinitiators (one of our data)

A heterocyclic photoinitiator was selected because it had the highest
photosensitivity.
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Fig. 4 Absobance and rate of photopolymerization
The maximum Rp was obtained at an absobance of ca. 0.3.
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Table 1 Effect of photoinitiator type on kinetic parameters and molecular
weight

A new four-component photoinitiator was selected because it had higher
photosensitivity.
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Fig. 5 Exposure dose and resolution in the LDI system
The SL-1030 films have stable resolution in a UV-laser irradiation dose of 80
11mJ/cmz.
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Fig. 6 Exposure dose and line width in LDI system
The line width had little dependence on the line direction.
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Table 2 Properties of SL-1000 series
The SL-1000 series films have sufficient processability as well as superior
photosensitivity.
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Fig. 7 Resist shape of SL-1000 series
The SL-1000 series films give a sharp resist pattern without any defects such
as undercuts.
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Flexible printed circuit boards (FPCs) are widely used in portable communication
devices, such as cellular phones, because they are thin, flexible, and lightweight. They
will make communication tools more effective and multi-functional. Conventional
coverlay films do not provide fine conductor protection for such applications, and a
photosensitive coverlay film is needed. On the basis of photosensitive-film technology,
we have developed a new photosensitive coverlay film, FR-5000, that has excellent
flexibility, heat resistance during soldering, ion-migration resistance, and non-
flammability. The new film has been applied to the driver boards of liquid-crystal display
modules of cellular phones because of its flexibility and reliability. Wider application is
expected.
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Fig. 1 Problems in conventional coverlay process

Conventional coverlay process is difficult to apply to high-density circuit
boards because of the limitations of metal-mold manufacturing and film
registration.
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Photosensitive coverlay film can
achieve more accurate registration.
It is also thinner.
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Table 1 Results of pulling test

Compared with the conventional photosensitive film, our photosensitive
coverlay film has higher elongation and lower elastic modulus, which is
preferred as the coverlay film.
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Fig. 3 Conceptual figure of
photosensitive cross-linked self-
alignment type material

Straight chain molecules line up in
rows because of the interaction
between the aligned segments.
Photo-reaction activity is raised as a
result of the localization of the photo-
functional groups.
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Fig. 4 Comparison of elastic modulus

Our photosensitive coverlay film has excellent flexibility, which is important
for coverlay films. Its elastic modulus is lower than that of conventional
photosensitive film.
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Fig. 5 Pyrolysis of flame retardant of preferred combination

The most effective flame retardation is obtained by combining two agents -
one that decomposes at a little lower temperature (A) and one that decomposes
at a little higher temperature (B) than the substrate material.
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Fig. 6 Circular hole resolution of FR-5000

FR-5000 has good resolution on various surfaces. Each photo shows the resolution of a 100-Um-diameter hole.
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Fig. 7 Application of FR-5000
FR-5000 has been applied to the driver boards of liquid-crystal display
modules installed in cellular phones.

FimOOOcoFOODOOOOOODOoOoOooobooooono
ooobooocorFOO0OO0OOOOOObOOOOOOObDOn
Ooo0ooooooOoOooooboooooooboooooicoo
pgoooooooooooooobooboooobooooooog
Ooooboooo0oooooooOoo0obobobdFR-5000
ooooooa

ooo oooo

ogbobooooooobooooooobbooooOoooobooboo
oobooooobobooboooooobooboboooooobooooao
goboooooboboooooooboboboooooobobooooao
ogoboooooobooboobooooooboobobooooooboobooooao
o0oo0o00oD0o0o0oo0oOoDOooo™MmuDoooooDog
obooooooOorPCOOOODODOOOODOOFRPCODOOO
ooooooooooboooooooboooooboooooa
ooooooooooo0oooooboooooboooooa
CorFrOnonoonoOoOoonoboboooooboboooooonon
Ob00o0oobO0OO0OFrR-500000000000O000O0O000
oobooooooboobooboooooooboooooooooaoa
OrFPCOOO0O0OOOO0O0OOOOOOOOOODOOOOO
gbbodoooooooooooooooooooo

oooa

1000000000370 No.100 57-6200 19980

20000 0000000000000 116e0 No.50 66-7200 20000
30 0000000000000 0O00OOS54-570178-1790 199200
A0 00000000000 O45-61062-970 19920

50 J. W. Lyons[d The chemistry & Uses of Fire Retardant] 19700
60 000000000 0O0OULOOO110-1140 19940
7000000000000 No.7910 59-6600 20010

28 0000000000000 No.372001-70



unbD.C. 621.315.619:678.686-416

Juodduuuobobbobbobobbootd MCF-60006

Halogen-free High Elastic Modulus Build-up Material MCF-6000G

ooog-® oooog-®

Takahiro Tanabe

OOO0O% Atsushi Takahashi
Toshihisa Kumakura

Takeshi Horiuchi
oooo®®

Nobuyuki Ogawa
oooo@r

obooooboooobooooooooboooboooobooobooooooobooono
goooboooooooooboOoooboooooboo0oooboooooboooooboooon
oooobooooooboooooooboboobooooboooooboobooo0ooao
Oooobooooooboooobooobbooobooob0oooboooooooooboo
gotooooouooooooouooooooboooooooboooboooboooo
ogoooooouoooooooooooooooooooboooobooooooo
goooooooooooooooooooooooooboooooooooooo
O0O000O0oO00oo0O0oOMCR-eo00GO O OOOO

oooooooooboooooooooooooooooooooooooooo
ooooooooooooo0ooboooooboooooooooooOoOooouLe4
gv-ooooooooooooo

MCF-6000GO 000000000000 OOTgO0OO0oOO0O0oo0oooonOoa
Ooooboooooboooooooooooob

Build-up printed wiring boards (PWBs) are increasingly being used for various kinds
of electronic devices to make them lighter and smaller. As these build-up PWBs become
thinner and thinner, their decreasing low mechanical strength has come to limit further
applications. This pressing problem led to our developing a new build-up material with a
higher elastic modulus.

Another topic of worldwide interest is the environmental requirements for future
PWBs. In particular, the amount of halogenated flame retardant and lead used in PWBs
will be reduced, possibly to zero.

We have developed a build-up material that conforms to the environmental
requirements and has an incombustibility of UL94 level V-0. This material, called MCF-
6000G, was developed by using four techniques: adoption of aromatic-ring rich resin
and carbonizing catalyst, addition of suitable metal hydroxide and special fibrous filler,
and filler/resin interface control.

MCF-6000G contains no halogen and has a high elastic modulus, a high Tg, a low
coefficient of thermal expansion, and sufficient processability. It is a promising
environment-friendly material for PWBs.
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Fig. 1 Concept used in developing MCF-6000G
MCF-6000G was developed by combining high-elastic-modulus fibrous filler,
high-Tg epoxy resin, and halogen-free flame retardant system.
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Fig. O O Effect of filler type on elastic modulus
The high-elastic modulus of the cured resin was achieved by applying a
special fibrous filler.
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Table 1 Concept of halogen-free flame-retardant system
Four methods were combined to meet the halogen-free requirement.
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Fig. 3 Effect of aromatic-ring content in resin on flammability
The resin became more flame-retardant as the aromatic-ring content was
increased.
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Fig. 4 The unique filler-Interface control system
The FICS will make possible a higher filler content and more uniform
distribution of filler.
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Fig. 5 Effect of FICS
Irregular distribution of fillers disappeared with application of FICS.
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Fig. 6 Effect of filler content on flammability and resin flow

As the filler content was increased, the resin became more flame-retardant
but more viscous, resulting in worse processability. The appropriate filler
content was determined by balancing both properties.
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Fig. O O Effect of filler type on flammability and elastic modulus
Metal hydroxide enhanced flame retardancy, while fibrous filler enhanced the
elastic modulus.
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Table 2 General properties of MCF-6000G

MCF-6000G demonstrated high elastic modulus, low CTE, high heat
resistance, and an incombustibility of UL94 level V-0 without halogen.
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Fig. 8 Cross-section of IVH structure
IVH structures can be easily formed on highly inorganic filled MCF-6000G by
using laser process.
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Table 3 Reliability of IVH connections formed on MCF-6000G

IVH connections formed on MCF-6000G using a CO. laser demonstrated
sufficient connection reliability throughout thermal-cycle and heat-resistance
testing.
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Fig. 9 Results of electrical reliability
Insulating resistance of MCF-6000G testing did not degrade after many hours
under high temperature and humidity conditions.
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Fig. 10 Assembly processability
PWBSs build-up with MCF-6000G had a higher elastic modulus, resulting in
better processability with less warpage.
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Low-modulus die bonding adhesive films are commonly used in chip size/scale
packages (CSPs), which are suitable for compact electronic products with high
calculation speeds. To cope with the growing use of Pb-free solders, the films should
have excellent reliability during high temperature reflow.

We have developed a low-modulus die bonding adhesive film, HS-230, consisting of
low-modulus acrylic polymer and high heat resistant epoxy resin. This film showed
superior reflow crack resistance (JEDEC level 1) at 2650 as well as sufficient
connection reliability and PCT resistance, in a uBGA package (a type of CSP).
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Fig. 1 SEM photograph of reflow cracked surface
Epoxy resin islands are seen in the surface.
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Fig. 2 Expected mechanism of reflow crack formation during high temperature reflow
Cracks forming through the following process : water vaporization _, film deformation _, crack generation and propagation _,

reflow cracking.
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Fig. 3 Properties of films with various amounts of a phenol hardener and a
catalyst

Parallel reduction of the hardener and the catalyst in acrylic polymer
improved the tear strength.
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Fig. 4 Schematic diagrams of adhesion improvement in acrylic polymer/epoxy resin interface with the aid of fillers

Reinforcement with fillers prevented crack propagation.
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At 2400, the modulus was high compared to
that without filler.
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Table 1 Measured and estimated modulus of a die bonding adhesive film with
fillers
Measured modulus at 240 [0 was similar to that estimated using surface
00000G

ooooo

oooooooooooo* obooobor oboooo* oooo” oo
oooooooooooooooobbooooo

Fig. 6 Schematic diagram of surface effect around fillers
Restricted resin layer formed around fillers due to surface effect.

effect.
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Fig. 7 SEM photographs of cohesive broken surface of die bonding adhesive films with and without fillers
The surface of the film with fillers after a tearing test showed a complicated surface profile.
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Table 2 General properties of a low-modulus die bonding adhesive film HS-230
It showed a remarkably high tearing strength and modulus at 2400 .
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Fig. 8 Structure of MBGA for DRAM
Die bonding adhesive film is used between chip and TAB tape.
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Table 3 Results of reliability evaluation of MBGA fabricated with HS-230
The reflow resistance was excellent at 2650 .
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Low-modulus Thermostable Stenciling Paste for Wafer Level Chip Scale Package
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The wafer level chip scale package (WL-CSP), which is directly formed on wafer
substrate, is a promising technology for reducing the manufacturing cost of
semiconductor packages. The WL-CSP with an embedded compliant layer is particularty
promising, because underfill is not needed to improve reliability. We have developed a
new low-modulus highly thermostable stenciling paste applicable to this type of WL-CSP
by using our unique pasting technology and modulus control technology. Using this
paste, we have printed film patterns as thick as 75um with one touch. In addition, the
paste has a low modulus (0.50 1GPa) and a low coefficient of thermal expansion
(<200ppm/0O ), which is effective for improving the reliability of the WL-CSP. The
reliability test results of sample packages assembled on PWB substrates without
underfill demonstrated that the embedded compliant layer made from the novel paste
will provide equal or higher reliability, compared with that made from the conventional
underfill.
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The WL-CSP with an embedded compliant layer is directly formed on

Joodooobouoobouooououoooooooogood
the wafer substrate.
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Fig. 2 Concept of the new low-modulus thermostable paste formation

The paste should consist of base resin, low-modulus rabber-like fillers,
and resin fillers which bring about a thixotropic feature to the base resin
and melt in during the heating process.
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Fig. 3 Influence of the resin filler content on the thixotropic property of
the paste

The level of thixotropy of the paste can be controlled by varying the
resin filler content.
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Fig. 4 Elastic modulus of the film made from the paste
Elastic modulus of the film can be controlled by varying the low-
modulus rabber-like filler content.
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Fig. 5 Relation between the elastic modulus and coefficient of thermal
expansion of the film made from the paste

The marked area will be the objective for the stenciling paste with an
embedded compliant layer.
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Table 1 Characteristics of the films made from the newly developed
stenciling pastes

The films have a low-modulus and a temperature-independent low
coefficient of thermal expansion besides fufilling all required properties.
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Table 2 Typical specifications for the stenciling process
The specifications for the developed pastes are practically identical to
those for the conventional high-viscous stenciling ink.
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Fig. 6 Printed pattern
on 8-inch wafer

Thick film patterns
can be printed with
one touch by using the
new paste.
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Fig. 7 Influence of the opened area of masking on the thickness and
edge angle of the printed patterns

The thickness and edge angle of the printed patterns are not affected
by the opened area of masking.
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Table 3 Results of the thermal cycle test on the WL-CSP mounted PWB

The embedded compliant layer is as effective as the underfill in providing high reliability.
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To meet the strong demand for faster semiconductor devices, the circuit
interconnecting material is shifting from Al to Cu, which has higher electric
conductivity. A damascene process using Cu-CMP (Chemical Mechanical Polishing) has
been applied for Cu interconnection. However, the process has many problems; in
particular, mechanical damage like scratches generated by the conventional CMP
slurries containing abrasives. We have developed a novel abrasive-free Cu slurry
HS-C430 series with a new formulation based on the abrasive-free polishing technology
invented at Hitachi Ltd’s Central Research Laboratory. The use of the HS-C430 series
results in a low scratch density, a high removal rate and excellent flatness. A
combinational use of the HS-C430 series with a concurrently developed barrier metal
slurry HS-T605 series will enable a multilayer Cu interconnection.
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Fig. 1 Polishing model of abrasive-free Cu-CMP slurry
u E S S u 0Do00o0D0oOocudoooOooooog ooooOcuOOO0DoOoOooon In an abrasive-free Cu-CMP slurry, the Cu-complex layer is
removed by the polishing pad.
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Fig. 3 Influence of additives to the down force vs. removal rate
Specific additives give a threshold characteristics.
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Fig. 4 Cross sectional SEM photo of Cu-complex layer
Cu-complex layer is formed on the Cu surface after dipping in the Cu-CMP
slurry.
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Fig. 5 ESCA spectrum of Cu complex layer
Cu-complex layer shows Cu,, satellite peeks, which means the Cu is in the
Cu? state.
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Table 1 Polishing performance of HS-C430 seriesO using 8-inch blanket
wafer(

The HS-C430 series has a high removal rate and high selectivity and
produces very few scratches.

ooooo ood HS-C430
oooo Cu 0 500 550
O nm/min0 Ta 01 0.1
ooooooog 0100 5,500
goooo/sio,noooooo 050 3

goOHs-TeOSO OO OOO0O0O0DOO8O000O0O0O0O00O0DOOO00

00 O0O0TaOOOOOOOOODOOOOOOOOOOOO

Table 2 Blanket wafer performance of HS-CT605 series using 8-inch blanket

wafer(

The HS-T605 series has a high removal rate and high selectivity and
produces very few scratches.

ooooo ooo HS-T605
Ta 050 80
oooad .

O nm/min0 Sio, os 2
Cu 020 15

Ta/Sio, 020 40

oooooooo
Ta/Cu o5 5
ogoooo/so0ooooono 050 5
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Table 3 Topographic wafer polishing performance
High flatness polishing is achieved by the use of both the HS-C430 series
and the HS-T605 series.
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Fig. 6 Cross-sectional SEM
photos of SEMATECH 931
. T TITE T 8- P wafer

Ta metal remains after Cu
removal, and very little SiO,
loss is observed after Ta
removal.

cOTaO OO

ddocubooooooogoseMOooooooooooog 7o
OcuDO00000HS-C43000000HS-TEOSO 000000000000

Fig. 7 Cross-sectional SEM photo of Cu multilayer interconnection
The HS-C430 series and HS-T605 series were used for the seven layer Cu
structure.
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