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MELE LTSN cweE T, B, COMB 2> TER S CSPT, L/S (line and
space) =20m/20m T LENTVET.

The front cover shows a CSP (Chip Size Package) made of a copper/liquid crystal
polymer (LCP) film laminated material and its SEM micrograph of the magnified circuit
part.

This laminated material that rolled copper foil and LCP film having an excellent high
frequency property are directly roll-bonded by the surface activated bonding (SAB)
method, has several merits as follows :

(1)The interface between the copper foil and the film is so flat that signal loss at high

frequency is small and suitable for etching work to make a fine pitch circuit.

(2)It has an excellent bend property because of the use of rolled copper foil.

As a result, it is expected as a raw material for high quality surface mounting
substrates. As shown in the SEM micrograph, the circuit with L/S (line and space) of

20pm/20im can be produced easily.
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Effect of Annealing and Forming on Adhesion of Film to Tinplate

Miho NAKABAYASHI, Masatoki IsHIDA, Masanobu MATSUBARA, Satoshi KoBavasHl, Takahiro HavasHipa and Norimasa MAipa

Synopsis : Recently, inorganic-organic composite materials have been applied in various uses. They are

lacquered or film-laminated on substrates such as stainless steel sheets, aluminum sheets, EG
(Electro-galvanized steel sheets) and ECCS (Electrolytically Chromium/Chromium oxide-coated
steel sheets). Characteristics required for those materials are corrosion resistance in usage
environment and adhesion of organic materials to inorganic substrates after forming.

In this paper, we investigated adhesion of laminated film to tinplate after aging and forming,
especially effect of tin oxide on adhesion of the laminated film.

Tin oxide generated on tinplate after aging in both high humidity and hot dry atmospheres. Each tin
oxide gave different effects on film adhesion to flat plate. In the case of existence of tin oxide with equal
quantity electrochemically, the oxide formed in high humidity atmosphere gave little effect on film
adhesion. On the other hand, the one formed in hot dry atmosphere gave harmful effect and the
adhesion strength decreased with an increase in the tin oxide. In observation of peeled surface, the tin
oxides exited on both the substrate and film surfaces and cohesive failure of the oxides at the interface
was observed.

In the case of forming, the film adhesion decreased with an increase in forming such as drawing and
ironing. In the peeled surfaces after drawing, not only tin oxide but also Fe-Sn alloy was observed. It is
considered that the Fe-Sn alloy layer also leads to the decrease of adhesion. In the peeled surfaces after
ironing, in addition to cohesive failure of the oxides, interfacial peeling due to appearance of new
surface generated by ironing was observed. This also leads to reduce the peel strength.

Key Words : tinplate ; tin oxide ; film adhesion ; drawing ; ironing ; peeling interface ; Fe-Sn alloy
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Table1 Relation between tin oxide amount and aging condition

Temperature (°C)  Humidity (%) Time (ht/min) Sn(ox) (C/m?)
No aging A - - - 5.9
B1 35 85 96hr 7.6
B2 65 85 96 9.4
High humidity B3 85 85 48 11.7
B4 85 85 96 12.4
B5 85 85 168 15.7
Cl 100 - Smin 7.2
C2 150 - 5 8.3
Hot dry C3 200 - 5 8.9
C4 200 - 10 10.2
C5 200 - 20 10.6

Sn(ox) :tin oxide
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Fig.1 Forming method of ironing and drawing
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Fig.4 Relation between drawing ratio and film
adhesion after drawing
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Fig.6 Relation between equivalent strain and
drawing ratio, reduction rate
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Fig.9 SEM micrograph of peeled substrate side and film side after 180° peeling test about flat plate
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Fig.10 XPS spectra of peeled substrate side and film side after 180° peeling test about flat plate
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Fig.11 Schematic representation of failure modes on flat plate (broken line : fracture interface)
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Fig.12 SEM micrograph of peeled substrate side and film side after 180° peeling test about low equivalent strain
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Fig.13 SEM micrograph of peeled substrate side and film side after 180° peeling test about high equivalent strain
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Research on Manufacturing High Strength Cold-rolled Steel with Ultra-fine Grain

Hiroyasu Ito, Satoshi Ool, Shinichi Aokt and Toshiyuki UEDA

Synopsis : We have developed a low-alloy steel without adding chromium (Cr) and nickel (Ni), which has

high tensile strength (TS) of 1000MPa grade and good formability. As a raw material, we used a
hot-rolled steel with fine grains of 5m or less. It contains titanium (Ti) because of restraining grain
growth by precipitation of titanium carbide (TiC) during annealing or cooling process. Especially
in order to obtain high tensile strength, it is important to disperse the TiC uniformly. In this paper,
we report on suitable manufacturing conditions to produce the developed steel sheet.

After cold rolling, the steel sheet was annealed at 740-760°C that is in the two phase (ferrite ()
+austenite (y)) region to make fine grains by y —a transformation. As a result, an ultra fine
grained steel with the grain size of 1.2im diameter could be produced. When the steel was rapid-
cooled to 300°C and austempered for 180 sec after keeping at 740-760° C for 40-60 sec, its microstructure
became three complex phases, «, bainite (B) as a hard phase and retained y (yr) whose volume
fraction was 7%. This steel plate with complex microstructure (a+B+ yr) showed high TS of 1150
MPa and total elongation (T.EL) of 13%.

In manufacturing line we could also make the products at the range from 0. 15 to 0. 60 mm thickness,
which had similar properties and have been mass-producing them as materials applied to
electronics parts.

Key Words : high tensile strength ; cold-rolled steel ; low alloyed steel ; ultra fine grain ; complex phases ;
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Table1l Chemical composition of steel used (mass% )
C Si Mn P S Al N Ti B
0.18 0.20 1.80 0.011 0.003 0.04 0.0039 0.15 0.0024

Table2 Mechanical properties of Hot-rolled steel used

Y.P.

(MPa) (MPa)

T.S.

TEL.
(%)

772

858

14

AWZEIC B W T, C-Mndi % v TR SR 2m DL T
THIREE D 7T80MPa% H 2 % W IEHiiK o 8 % H v,
OB R RFPEDMS & 10 RS SRS R 1T D W TR L 7.
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UTORETESIY 217> 7. Ho N BEMiKE, F
YA mL FOMBRE o TR D, EHOiREE%E
FHLTWw3 (Table2), 95°COBREEEEYEIC TG AT — L
ZEREL 72, 60% M LomBELZEL, Fig 1108 d
BT I COEEBEI 2 1T - 72, FEEcoiEZHET

soaking
640~780°C

X 40sec

first rolling

(DProcess of first rolling and single annealing

Fig.1

second rolling

%L, —ROBBTEED AT, BIFIC & > TIRRKILLT
JBIc 72 $CHEAET 2 2 ENARRETH 2720, —RiGH
FEIERS L RIBESt 2 i L, —RYBHHEIE I CRTE DRI &
L, ZOBEKEEMZT>7%. 72, Fig. 2 IZH&pestic
BT EM TR KR T O MRS 2 S0 U 7 B o ZVLEE
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cooling
3°C/sec

@

(@Process of second rolling and final annealing

Schematic diagram of the heat treatment processes ; (Dfirst rolling and first

annealing,@second rolling and final annealing of the cold-rolled steel

sheets used in this study

soaking
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first rolling

second rolling

soaking
700~800°C X 50sec

cooling
30°C/sec

austempering
300~450°C

®

(@Process of rapid cooling and austempering

Fig.2 Schematic diagram of the heat treatment processes ; @second rolling
and final annealing ; with rapid-cooling and austempering
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Fig.7 Scanning electron micrographs of test pieces after final annealing (a) surface, (b) core
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Development of Cu/LCP Laminated Material by Surface Activated Bonding Method

Kouji Nansu, Shinji Ozawa, Hironao Oxayama and Hiroyuki TwASHITA

Synopsis : Electronic equipment such as a mobile phone, a digital camera and a DVD recorder has become

highly performed and smaller because the fabrication techniques and materials of the field of large
-scale integrated circuit (LSI) and of integrated circuit (IC) have improved. However, printed
wiring boards (PWBs) onto which those parts are put, are still large size because of the technical
gap between those parts and the PWBs. In this point of view, the development of new materials for
the PWB is expected.

In presence, polyimide (PI) film is widely applied as an insulator material in the PWBs,
especially in a flexible printed circuit (FPC) . In a FPC using PI film, it is difficult to produce fine
pitch patterned circuits because of large dimensional change due to its large moisture adsorption
and large coefficient of hygroscopic expansion (CHE). In addition, it is unstable when it is used at
the high frequency field because the dielectric constant and dissipation factor, which affect the high
-speed signal transmission, change with various atmospheres. In order to solve those problems, we
started to develop new copper clad lamination (CCL) materials using a liquid crystal polymer (LCP)
film which has low moisture adsorption, low dielectric constant and dissipation factor instead of PI
film.

In this paper, we studied lamination of a copper (Cu) foil to a LCP film by using surface
activated bonding (SAB) method. First, we investigated the change of chemical bonding state on
the LCP surface against argon (Ar) ion etching by means of electron spectroscopy for chemical
analysis (ESCA). Secondly, peel strength of the Cu/ LCP laminated material was measured. Finally,
in order to find the suitable manufacturing conditions, we controlled RF plasma power, its
treatment time, Cu sputter thickness on the LCP surface after RF plasma treatment, bonding
pressure and heat treatment after lamination. Consequently, the peel strength improved to 750N /m.

Key Words : surface activated bonding ; liquid crystal polymer ; copper foil ; lamination ; printed wiring
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Table1 Comparison of the each characteristics between the LCP film and PI film

Test item Condition LCP PI
CTE(coefficient of thermal expansion) / ppm/°C 23~200°C 16 14~16
CHE(coefficient of hygroscopic expansion) / ppm/°C 50°C, 20~80%RH 1.5 14
water adsorption / % PCT(121°C,2atm) 96hrs 0.2 2.0
Dielectric constant / - 3GHz, 50°C, 0~90%RH 3 3.4~3.7
Dissapation factor / - 3GHz, 50°C, 0~90%RH 0.003 0.007~0.018
Tensile strength / MPa 25°C 120 250~400
Young's modulus / GPa 25°C 6 3.5~9

0 0 0
O oI SO

Fig.1 Chemical structure of the LCP film
(BIAC BA ; JAPAN GORE-TEX INC.)
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(a)before heat treatment
Fig.6 The shape of Cu/LCP laminated material
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Fig.7 Effect of RF plasma etching time on peel strength
in Cu/LCP laminated materials
(RF plasma power : 20W, bonding pressure : 320MPa,
heat treatment: 240°C x60min)
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Fig.8 Effect of RF plasma power on peel strength in Cu/
LCP laminated materials
(RF plasma etching time : 8 min, bonding pressure :
320MPa, heat treatment : 240°C x60min)
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Fig.9 Effect of the Cu sputtering thickness on peel
strength in Cu/LCP laminated materials
(RF plasma power : 600W, RF plasma etching time :
8 min, bonding pressure : 320MPa, heat treatment :
240°C x60min)
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Fig.13 SEM images of peeling surface
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Fig.14 Comparison of the ESCA analysis of peeling surface
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Development of Mo2NiB2 Boride Base Hard Alloys with High Strength
and Excellent Corrosion Resistance for Plastic Molding Machine Parts

Kourou Hirata, Kengo IwaNaGa, Shinya Ozaxi and Yuji Y AMASAKI

Synopsis : MozFeBz boride base hard alloys have been successfully applied to plastic injection molding
machine parts. However, the corrosion resistance of the MozFeBz boride base hard alloys is not
enough for the injection molding of corrosive engineering plastics such as a fluorocarbon resin.
Therefore, the applicability of MozNiBz boride base hard alloys, having excellent corrosion and
wear resistance, into plastic molding machine parts was investigated. In this paper, the effects of Cr
and V contents on the mechanical properties and corrosion resistance were studied by using Ni-5. 0
mass% B-51.0mass% Mo-(17.5-X)mass% Cr-Xmass% V model alloys with five levels of Cr and V
contents from X= 0 to 10.0. The high mechanical properties such as transverse rupture strength
(TRS) and hardness were obtained at X=5.0, and this alloy showed excellent corrosion resistance
for a molten fluorocarbon resin. Furthermore, the Mn containing Ni-5. 0mass%B-51. Omass%Mo-
12. 5mass%Cr-5. 0mass% V-1.5mass% Mn alloy exhibited high TRS over a wide range of sintering
temperature and improved the sinterability.

Key Words : Mo2NiBz boride base hard alloys ; mechanical properties ; corrosion resistance
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Table1 Properties of Cr or V added MozNiB2 boride base hard alloys.

ALLOY | BORIDE | CRYSTAL MICRO BORIDE PROPERTIES
SYSTEM | PHASE |STRUCTURE| STRUCTURE |PARTICLE|{ARDNESS | TRS*

MECHANICAL

/HRA /GPa

M,B, >
Mo-Ni-B | (M:Metal) |Orthorhombic |
Mo,NiB,

. M3B2
Mo-Ni-Cr-B Moz(Ni,Cr)Bz

Tetragonal
. M;B,
Mo-Ni-V-B | vpy (Ni,V)B,

EFERTHEIZVOZ R, 2 ITARITIE, NIRKHE
SRCBIVOVEZEASRNTEZLICE-T, NATH
A CEHELVAVOEIMAEZERL-EE, EkFTh2
KH-V52 & A% DL EoBIREE2 6 3 2 Mol % i
USRI O WTRET 5.

2. EBRFE

3 13 Table2 1277 § & 912, Mo-Ni-Cr-Brt % &4
IZBWT, BEIRHES X OV 7 v BRI 2tk
4 % Ni-5. 0Omass%B-51. 0mass % Mo-17. 5mass%Cr?)
ZHAMRE LT, Creiiftd 22TV % 0~10.0mass%
AL 75 EHOAGRTH S,

AL, URMI R 2 S5 LRI 22 2 & 9 Il &y
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Table2 Compositions of the Ni-5. 0mass%B-51.0
mass%Mo-(17. 5-X) mass%Cr-Xmass% V

alloys used.

B Mo Cr A% Ni
5.0 510 | 175 0 bal.

U n 15.0 2.5 U

U n 12.5 5.0 n

) n 10.0 7.5 n

n n 7.5 10.0 n

(mass%)

30

Rectangular
Sum

80~85 1.8~2.0

: 80~88 2.3~2.8
%= Spherical
1~2um

86~91 2.5~3.1

*TRS: Transverse rupture strength
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Fig.1 Transverse rupture strength and hardness of Ni-
5. 0mass%B-51. 0mass%Mo-(17. 5-X) mass%Cr—
Xmass%V alloys as functions of Cr and V content.
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comparative materials after dipped in molten fluorocarbon resin at 673K for 259. 2ks (72hr).
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Fig.3 Cu-Ka X-ray diffraction patterns of Ni-5.0
mass%B-51. Omass%Mo-(17. 5-X) mass%Cr-
Xmass%V alloys.



TEESEK  Vol.3b

12.5%Cr-5.0%V

10.0%Cr-7.5%V

10pm

P0|nt1
N| B‘—|—'_ Mo
Mo Point 2
\(“‘”“”“””W”‘”“’W
Point 3
R ——
Point 4
e ey e
{.lﬂf ey
l Point 5
Ve e
Point 6
M%W%WA e
Point 7
,,M«.VM impncn
200 400 600 800 1000
Energy / eV

Fig.4 Back scattered electron images of Ni-5. 0mass%B-51. 0mass%Mo-(17. 5-X)mass%Cr—
Xmass%V alloys and Auger spectra at seven analysis points.
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Fig.5 TEM micrograph of Ni-5.0mass%B-51. 0mass%Mo-12. 5mass%Cr-5. 0mass%V alloy, EDS
analysis results at the indicated points and electron diffraction result at point (c).
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Fig.8 SEM image of the corroded surface of Ni-5. 0mass%B
-51. 0mass%Mo-12. 5mass%Cr-5. 0mass%V alloy.
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Table3 Compositions of the Ni-5. 0mass%B-51.0
mass%Mo-17. 5mass%Cr- 5. 0mass%V-
Xmass%Mn alloys used.

B Mo Cr v Mn Ni
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i i i i 0.5 i
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Fig.10 Ogoshi wear test results of Ni-5. 0mass%B-51.
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alloy and various comparative materials against SUS440C ring.
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Fig.1 1 Back scattered electron image of sinter-
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hard alloy for resin extrusion molding
machine.
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Construction of Material Procurement Supply Chain Management at Kudamatsu Plant

Akira Yamamoro, Kenji Yamamoro, Takaya Haba, Naomi Yasuta and Yoshifumi TSUGE

Synopsis : While the environment surrounding our company has greatly been changing, Kudamatsu plant has

been promoting the construction of a flexible production system and the renovation of group
organization which can cope with a production of a wide variety and variable quantities at low
cost.

Toyo kohan devised a middle management plan in 2002, and proceeded to unify, reorganize group
companies and review managing material supplies.

With the dramatic increase in demand for steel by many foreign countries, especially by China,
steel material supply has become more limited than ever before, and this tendency is expected to
continue. Therefore, it is an urgent issue to reinforce the management of material procurement
method.

We systematized various procedures for material supply and created SCM (Supply Chain
Management) between the blast furnace manufacturers and our company. As a result of the SCM,
we succeeded not only in consistent material supplies along a production and marketing plan, but
also shortening the lead time for the material supply, the production and reducing the material

stock.

Key Words : production control ; advanced planning and scheduling ; material requirements planning ; supply
chain management ; theory of constraints
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Tablel Comparison of amount of material inventory
Oct. 2001 |Apr. 2005

Amount of material inventory [ton] 56,397 30,154

Amount of material inventory holding 4,842 315

over 6 months [ton]

Rate of material inventory holding 8.6 10

over 6 months [%] ’ ’

Meet rate between material inventory

and order [%] 25.0 75.0
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Table2 Transmission data between Toyokohan and steel maker

Name of data file direction frequency
Shipment information steel maker — Toyo| ltime/day
Milsheet information steel maker — Toyo| 1time/day
Progress information of product in process |steel maker — Toyo| 1time/day
Quality information of materials Toyo — steel maker| 1time/week
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Fig.3 Flow of material input planning system
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Table3 Comparison of average lead time of procurement and manufacturing

average lead time from average lead time from
Jan. to Jun. 2001[day] | Jan. to Jun. 2005[day]
from‘ material order to material 36 36
receipt[day]
from material receipt to material
. 14 8
input[day]
from material input to product
;i 22 13
warehousing[day]
from product warehousing to % 10
shipment[day]
total lead time[day] 98 67
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