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FO LOEBRIIHD > EMTHLET A 771 BRUAIEF (MPD 7 1 JL LI T IR
Do ZEMLT, 7T+ 7147 70kR (SAP) Tk THSNALIAIVEFEDSEME K
TY. (L/S*=20/20 £ m)

TOEBRIZFAU S #HD>EMTH DM AY ¥ — (LCP) 7 4 )V AITHEMIFAD > E &L .
SAPICE > THOENRT F v TEEHREEKOSEMGETY. (L/S*=20/20 £ m)

ZOEX D IBEHMECHZS5G s & @l MG Hd THEDEDERLILK OFCCL (Flexible
Copper Clad Laminate) IZHWHR, SHOTHILRPHIHGINTNET.

*L/SldLine and Space D%

The upper SEM images on the cover are coil circuit of obtained by electroless copper
plating on a modified polyimide (MPI) film, which is a difficult to plating material, and
semi-additive process (SAP). (L/S*=20/20 ;x m)

The below SEM images are circuit for bare chip mounting obtained by electroless copper
plating to a liquid crystal polymer (LCP) film, which is also a difficult to plating material,
by applying SAP. (L/S*=20/20 1z m)

Such ultra-fine wiring is used for FCCL (Flexible Copper Clad Laminate), which is a
mounting board that is sophisticated in high-speed communication equipment such as 5G,
and is expected to expand the market in the future.

*L/S is an abbreviation for Line and Space
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Development of PE Film Laminated Steel for 18-Liter Can

Yusuke Hev, Masami Suenaca, Kosuke Sasaki, Masashi Opa

Syvnopsis : PET film laminated steel sheets are applied to 18 L can, but cannot correspond to contents

of strong acid and strong alkali aqueous solutions. On the other hand, PE resin shows

excellent corrosion resistance against strong acid and alkali. So we developed new PE film

for steel strip laminating application.

New PE film consist of two layers to achieve both adhesive performance with steel strip

and corrosion resistance with contents. The main layer was selected LLDPE resin, because

of the processing aptitude and the appearance after heat laminating. The adhesion layer was

blended two resins, those are high adhesive resin with steel strip and thermally stable resin

against heat shrinkage.

Key Words : 18L can ; PE film ; LLDPE ; adhesive resin ; thermally stable resin
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Table1 Characteristics of test resin

Hawdl I%Zl}zl%y Melt f[l';/m;or;]aitne] (MFR) Melti[n%]point Remarks
HDPE 0.956 1.1 133 Main Layer
LDPE 0.924 0.7 114 Main Layer
LLDPE 0.919 1.5 124 Main Layer

A — 2 122 Adhesive Layer
B1 = = = Adhesive Layer
B2 0.912 2.3 117/124 Adhesive Layer
B3 0.94 6.5 93/128 Adhesive Layer
B4 & = = Adhesive Layer
c - 2.0 102 Adhesive Layer
D 0.919 2 114 Adhesive Layer

2.3 TAINAETIHOEYL LR

RIS 2 7 1 )L L DEFEMEIE 180° E— )L adbiz &
DRI B 7 1 IV L DO HIBEEE 2 BET 5 2 & THE
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Steel sheet

Film

Laminating roll

Water quench

Fig.1 Schematic diagram of
laminating process
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Steel sheet

Fixed/
to the jig

Laminating film

Measuring
peeling load

Fig.2 Model of 180° peeling test

Heating Oven

Fig.3 Model of Penetoration method using
thermomechanical analysis
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Load cel | - — Weight (200g)

L 4Sample film

— ——1=>Stage(100mm/min)

Fig.4 Model of dynamic friction coefficient measurement
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Table2 Result of evaluated laminating samples

Lamination Peel

Film temperature strength aLa":aantne:e Erichsen test Whitening
[°c] N/15mm]) %P
180 6.5 good bad good
HDPE 200 11.9 good poar good
220 18. 4 good poor good
180 5.3 good poor good
LDPE 200 10.0 poor good good
220 112 bad good good
180 7.8 good poor good
LLDPE 200 12.1 good good good
220 13.5 good good good
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Table3 Result of evaluated adhesion of each adhesive resin

Adhesive layer resin

Peel strength

Erichsen test

[N/15mm]
A 11.4 good
B1 4.7 bad
B2 8.3 poor
B3 10.1 good
B2+B4
50:50 9.8 good

0, fflE B4 DNEEAMEOROEWEIETH 2. #lE B4
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Fig.5 Cross Section view of the laminated film edge
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Table4 Composition ratio and evaluation result

Composition of adhesive layer Pee| Dy.nam_ic
Composition Fish eye strength frlc‘tl‘on
Base resin Mixed resin ratio [N/15mm] coefficient
(Base/mixed) vs. LLDPE
— 100/0 good 26.5 0.359
80/20 good 23.5 0. 368
B2 60/40 good 15:7 0. 381
40/60 good 12.7 0.345
- 80/20 good 23.5 0. 344
C 60,/40 good 10.8 0.434
40/60 good 3.9 0.483
80/20 good 29.4 0.382
D 60/40 good 18.6 0.327
40,/60 good 10.8 0.410
A 100/0 bad 29.4 0.444

ISCHIEMNEABENRKEL DL Z RLZ. T3IF%—
DT I 32— bO—)VERHETREIZ 105 ~130CTH
D, BHE B3 THERT HHERICHDLEEZSND.,
WAl 2% & BV AR PE O MIERE R K 0, BifE B3 13m#L
WEDWIEDEEVWNKREL, TIR—MFORITELD
HAEL, O—)VENICKDEERNIH LB N THMTIT
AL, SIF—bO—IVITAHE - #RELZ EHEIE N
5. 8§ B3 13 MFR 7% 6.5 & K& <, IERIEF DKL HE A
WEHETh B ZENFEREZEZ SN S.
WTNORBIIRIC B UENBE RN RSN, #iE
ADT4 v a7 A OUEIIBIERMEE U THREE /-
», BEB3 THALRZT I F— bO—)LIEEDOKE
IDWTHRE 21T 2.
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ThoHEHRTES, 22T, BIEB3I &2HLMELL T,

80 | __p—p3
-100

Thermal deformation[%]

20 60 100 140
Temperature[°C]
Fig.6 Thermal deformation profile of A and B3
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Table5 Composition ratio and result of laminated steel sheet

Composition of adhesive layer

_ . Peel
Composition Laminate strength
Bags T Mixed Tesiii ratio roll adhesion  y/15mm]
(Base/mixed)
— 100/0 bad 10.2
B3 N 80/20 bad -
60/40 good 10.3

BEE T H5IREOSRMANOBENEEZFICA SN, #
i§ C OB THIRMBOEEMICHENRER T DIREDE
BENOBEHNIRD 5NDD, #BIEB2Z LDbZDES
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L -60
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5-100
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Temperature[°C]
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5 -2

sS40 | —A

S —B3

« —60 C 20%
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© g0 —GC 40%

z —C 60%

=-100

= 20 60 100 140
Temperature[°C]
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= 0

5 20

= —A

g0 g

© -60 D 20%

= —D 40%

s 80 b6y

1=

5-100
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Fig.7 Thermal deformation profile of mixed
each adhesive resin with B3
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Press Formability of High Strength Cold-rolled Steel and Effect of

Deformation Mode on Press Formability

Nobuhiro Iwavoro, Keishi Karsura, Shinichi Takemarsu

Synopsis : Lightweight materials have been applied to electric and electron parts under requirements

for saving energy. For the weight reduction, it is necessary to reduce thickness and use

high tensile strength (T.S.) sheets, however high tensile strength sheets have generally

poor press formability. Therefore, we have developed cold-rolled steel sheet at range
under 0.6mm thickness which has high tensile strength of 850 ~900MPa grade and high
total elongation (T.EL.) to improve press formability. This paper introduces the mechanical

properties and press formability of the developed steel sheet compared with current

high tensile steel sheet and low carbon steel sheet. Developed steel sheet has complex

microstructure (ferrite+retained austenite+bainite), which has high tensile strength and high
elongation (T.S:850~ 900MPa ,T.EL..25~ 30%) . Deep drawing and stretch formability of the
developed steel sheet which has small planar anisotropy and low earing rate have better

formability than that of current high strength steel sheet. Analysis of forming limit curves

(F.L.C.) ,developed steel sheet has higher deformation limit in all deformation modes than

that of current high strength steel sheet.

Key Words : high tensile strength ; cold-rolled steel sheet ; retained austenite ; forming limit curve
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FEHEr) 28AL, BEFICHELRILT A1 FA
MTHRERES L EHEEERZIEAL, TR
MEMESEDZENEHTHHESNTNE Y Y,
—HT, ZOLIMEERT HRE 0.6mm LLIF D
FLD THWIRIESNIC B B R IBIEIC R T AT E— R
DEEIIODVWTHE I NI, EEDO T L Ak
BIZBWTIETMARICEORIEI NS -0, —fli55E
TOWRFMTIEIA T THDEEZSNS.
FITARETIE, BRaLBIREHER EOzD, HITH
DO RIERIEM M EZ2HE L, BINeEO £ C-Si-
Mn TdH 2 M LHEEALREZFEB T % T.S.850 ~900MPa
WO HEHIRZBFEL, RIBED X ORI RIETER
E— ROEEIIOWTHRHNLZOTHET 2.

2. YERpE

2.1 EEPTRGE
BIFEMIZIRINITEE C-Si-Mn 2 Xk &L, e Db
Ry &7 XD ICHEEL i s ERIC T AT T &
U, #RE2.0mm F CTHAMTELEZBEL 7z, BIESEEITD
WTIE, RIETHHMMTELETOEEMENFH RO
WERNELDIC 7T00CLA L DOIRE THEZHD 27 Wik
k87, SFoNZBEHR ORI T =51 b +/8—
A N THo7. Z0HK, WMEBREICTREX T —I)
ERRELE, M=% J)VEHEER 90% OmEIEEE i L,
HHEERIIC X D HARFIE R A F N AT T EITXKD
JEX 0.2mm O EE SR & (ERL L 72

2.2 MEREPRIAE

2.2.1 WBPRESIUORY rE L

Wrm AR R, MY =) BB+ —
V) TTyF 2T ULE®E TIP9NIA470X0—T
(HIROX #) ZHWTHEMEL 2. MHOFEIZ SEM % H
W% EELE TR (EBSD ) 12T 2. HI
MEEEE 20kV, #BRIZ20 0 A E LA HIEmEE
HESEAT A & U, JEHEPHIL 50 X 50 ¢ m, #HIE
27w 71302 pm &L HE% CIlE0.05LLE,
fEEkI S A2 15° L L TEFE L, Clean UP ALE (Grain
Dilation, Grain Standardization) % fiz L Phase < v
TERER L. By BHEIRE 2 RN S 1/4 DR
A ETEAME L 2%, (LEHEBICX DM R, XHRE
PHEICTHIE U2, XEEHrEETY A7 82 AN, X
FRIELX Cu BBk, EEIEB X VEWIX 45kV, 200mA
&L, 2 0:40~140° DLRMITTHIE L /. R v 213,
a (200), a (211), a (200), v (211), v (311)
DXL AL OFERED SR v OIRFHEEZE N Lz,

2.2.2 g7 PR
BRI 2B R BRIC K VM L 7=, BIERRABRIZE

AREFTE S0KN A — K75 72 MW, JIS 22241 5 &

BRI L U BEEHE 10mm/min T 7z,

2.2.3 FeIzERM

BRI MR R, MR 0 I & Uz, kAR
¥, EEROREIETY 7t il et Ri e s
HNETY 7 oAE) ZMwi. Figl@), b)) BLO
Tablel TR B &R OB XK B KOk SEHEERT. [
BRORIEMIE T 50 7 BBIUON D FROMAETICK
DRV (TS5 0&/NNCFR) #1805 20T
BLEE, REAIGZBEHTHIL -, £/, K018
BT B RIGAROUHER D JE 5 1l m & 2 8E U B R 2 H i
L7z

\4 Blank

Blank
holder

Punch

Fig.1(a) Schematic illustration of stretch formability test

\4 : Blank :

Blank
holder

Fig.1(b) Schematic illustration of deep drawing test
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Table1 Formability test condition

E bility test it Test condition
ormabliity test items Punch Die Blank holding force Lubricant Blank size Test speed
Stretch formability test . . _ ! .
(JIS:22247) ¢ :20mm rq:0.8mm 10kN 100 x 100mm 5~20mm/min
¢:31mm @:57mm
rp:2.5mm (Drawing ratio:1.8)
. ¢ :73mm ) . ¢:138mm
Deep drawing test 2,50 rqg:2.5mm 5~50kN Press oil (Drawing ratio:1.9) 3.5mm/s
¢:,87mm ¢:176mm
rp:2.5mm (Drawing ratio:2.0)

2.2.4 PeFIRAE. (FLC) BXUFTIEM By (FLD)
g

MEIDO IR A% (FLC, Forming Limit Curve) #
K QIR IEAR D RIER F4R- K (FLD, Forming Limit
Diagram) OERIZIEREX = KT OT A - BALHIE >
A5 1 (GOM #:#1 ARGUS BE N ARAMIS) % HW 7=,

FLC BIRM OB IcHB N T, —#iEw, FHod »
B H 2 WEHE _MMEREDOKA IRV THE— RTOM
BlOBBEO VT AHEEZHEL, RRKEVDTAHABIY
BANEOTHEL TZRIGEEIZ SOy M UEART
HD. T DORRIERE AT W EFTI W O GBRIEE R L
THY, HHRAZTHTZ2IENARETHD. —4,
FLD I3EAEDO VDT A ERRKEOTALRNEOTHE
LTELToZRIEERLEHDTH S 7.

FLCIZ—#Z I, FmO T AER D D WNIL%E _fhas
Al ;«‘F:97‘5ﬁ&ﬁﬁlﬁﬁlJ@%jﬁ‘EUﬁ_ﬁj’aiUﬂﬁd\IUTﬁ
Z ARAMIS TR 5 Z EICL DIER L. ToKIE
ATVL—=ICE0T LN =BG LY TV %
AW, Fig2(a), O IKRTLOICEROHKTZ 2HDH
AT THEMIRE TS LK = AMERZTY, T
2 LERE DAL OB E RO E R & U TR
HZEITRD, BWERTORIANORKEDNT A (e 1)

EZNICERTHR/NEVDTH (e 2) ZHEELEZ. —
AL RRB 2170, SEA B X UER 0T A
BRI 7t il A W2 BREEN D FIC K DR
W 21T 57z, BRHIBIZBNT, 75 > 7I3RKEN
DOTHEBL (B=¢2/ 1) NABDIREZRED L
END D0, Figdl@), M ICRTIOBEIROT S
CUERBAW, NOFETIT UV OEBOEEZREST
28, INOF LT DTS 2 NS T 1V A
Fa1oJusy v KRR ZHHL, 51
INFREICT Y RS A LUKRIE L. SR
Table2 |Z/;77".

EHRRIEAR DR IE DR O R 33 K FLD OERKICIE
Figd \Z7RTEDI2T T 27 EIZFH 0.5mm ¢, Hlf
PEBE 1.0mm @ Ry hXNY — > 2tk > 712k %A L
e TN ERWERIE L., BB Figb ITRT LD
WK 2 IR AEN S T IV A FITL DR L

ﬁ%%@b;b%iub/#ﬁmwmwﬁ &% ARGUS
TEHIT 2 Z Tk D, RO B EFTORREOT &
B;U%mivfﬁéﬁﬁbfLDéwmbt.

Camera-1 Camera—2

Specimen Random pattern

Fig.2(a) Schematic illustration of uniaxial deformation
test with digital camera

[ Po |

Camera-1 ' . Camera-2

a
Die [ |
Blank '
Holder

Specimen

Random pattern

Fig.2(b) Schematic illustration of plane strain
deformation and biaxial deformation
test with digital camera

(a) (b)

¢ 150mm

Fig.3 Blank shape of FLC test specimen
(a)Plane strain deformation
(b)Biaxial deformation
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Table2 FLC test condition

. " Test condition
Deformation condition
Test equipment Specimen Punch Die Blank holding force Lubricant Test speed
Uniaxial deformation Tensile test JIS No.5 — - — - 10mm/min
Plane deformation @ 150mm—-66mm
Erichsen test ¢ :59mm ¢ :66mm 200kN film+press oil 3mm/s
Biaxial deformation @ 150mm

S5mm

Fig.4 Grid pitch and grid size for FLD test

Digital Camera

4....____._....__

Press forming sample

Fig.5 Schematic illustration of measuring method

. .. ~( =
with digital camera Rolling’Direction

-«
50um

g NS B s *:':_E.,
3. \Eﬂ\én ABLY =S Fig.6 Optical micrographs of each steels: (a)Developed
steel (b)Current steel (c)Low carbon steel

3.1 WBBLUARTAF—XFTFA M4

Fig.6 1281 > 7 )L O JELE AT 7 [0 Wi 1 1 351 2 FAA%
BHZRY. M ELT, Mk ZSMET 55
RS (T.S) A% 800MPa ffk @ s FE il T &b 2 BT #4
AW BFEM (@135 1 m LUT OIEE ITH 7n i &
ki Bk E L, 10 ¢ m RO RKL% & ORI T
otz —75, B (O OMRE 1 1 m BUF O
mbiZ BEARE L, 5 u mRE O RK & & O R R
THO, BFM @ ITHRTE 5l Td - 7=
F/o, (KRB () 13RS RERIEA 5~30 1 m BRE DR
Kl TH, 7251 hNHEETHH /.

Fig7 i B %M B L O T # ® EBSD 4 % % 9. Fig.7 EBSD map of each steels:
(a)Developed steel (b)Current steel

15um
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EBSD %D h o5 —< v 7 TRT KL BCCHEETH 2
T4 bHDZNEINAF A bERL, FRlL FCC H#H
ETHHEEr 2T, HIEM @I 7271 Hd0
WENRAF A hEEMHEL, FEERIC1I~3 1 m O
VR y WFET DB TH o . —75, Bk )i
TIA hHDNIERAFA b EFEMET DR IR
By NEETH ESHB TH o= /2, X BRI O
REDEFEMOEE ¥ 13 10~13% TH D, BITHD
1~2% ITHATH 10 f5O®RE v 2B L Tz,

3.2 e

Table3 IZ 5[ 5E it Bk 1T & o T 5 7= il A D HE Ak
RO LYl Z7RT. £/, Fig8 ITHAEMB LY
BT R 3B & O R 35 8 AR 0 AR BV 72 N FR IS 11 — 8 FR O
FTAMEZRT. BREMD 02%KBRIEH (YP) 13K
650MPa, BIEERE (T.S) 1% 950MPa, it (T.EL.)
1349 30% THh O, FHITMoBIRmE &k l, Y.P.IX
#) 50MPa £ <, T.S. 13 100MPa & <, TEL.I3H 2
fEmWEZERL 2. £z, BFM O —HONIK R HEH
W EFEDK 24% TH D, BFTMITHERTH 1.8 5
iz RL, MTEERnESHOEZRL 2.

— BRI r 2B UMK OSERBRICBWTIE, £F
PO THEERERICEDERE ¥ IV T A MTHZE
BT2ZET, OFTAHORBERNMHE I NS 720 n fE
NEm<, —@UONaLETsZEngenTHD, h
WA REARMIERE SR OEETH S . £, B
MIZEBRIREE (YP/TS) THB I Enn, HITMITHk
NTTVZARBEICENDEMTHL ZENEALD. L
EXU, BRMEEOIREL X)L CTEESEZRTHET
b, BNZRE LN O AEHETDIEN SN
7=

1200

1000
E _/:'.”_.,, e
= 800 = ——Developed steel
ﬁ ;':: Current steel
5 600 |
§ ——Low carbon steel
g
E 400
S
S //

200

0
0 5 10 15 20 25 30 35 40 45

Nominal Strain (%)
Fig.8 Nominal stress-strain curves of each steels

3.3 TRRYFIE

MR D IR0 a2 b8, RIET& % A
G L 7z, BIFTANISRC O LE 1.9 THEWT U 7228, BEFEM B
KRR FMBNIAR O L 2.0 T CHRUIBWRETH o 72,
RO REIGIEIS R OB A (r i) & BWAHBN S
ZEMASNTNS, BHFEM D r i3 Table3 12
RTELDIC099 THO, BITHMD0.98 LR%ETH -7
M, BWKRODIETKRS ZEMNMETH D=, N3,
By 22 < EOMBIIMTHELEEZEL S0, KE
R ZE LD 728, RIBREOHEA 7 T > PERTIIZERENHI
flxhn, “WZERET— RO FEIHMNT TIEZEEN KL
Z ORI < 7R 2 72D D A Ed s L an
TH0YY, KEEMOBREr 25502 EN5, &
WHER DR ZRLIZEEZ NS,

Fig9 T D L 1.8 IZB T 2 BHRONEEE, ME
UEBIZ AR U 72 M O & [ {8 O & THRASME L 7285
EBRLUOrfEOmNEAFHEOESGEZRT ArfizRd
A TIEFEEFICK L TO, 90, 45 FEHMO r gz i
WTRATRENS.

Ar= (ry+ 1) /2 — 1y

A rIIFER OB OFE DI L EERBEGRNH D, A
r T OITEWE E IR OREAT R, ME A EHE

Table3 Mechanical properties of each steels

Specimen Y.P(MPa) | T.S.(MPa) T.EL.(%) YP./T.S. n—value r—value
Developed steel 645 950 29.2 0.68 0.22 0.99
Current steel 703 836 14.7 0.84 0.15 0.98
Low carbon steel 261 361 39.0 0.72 0.20 1.54

Appearance
photo

Earing rate(%)

Developed steel

40

Current steel Low carbon steel

194 4.1

Ar

-0.06

-1.09 -0.20

Fig.9 Deep drawing test specimen of each steels
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ERDZENHLENTND P, BfTHOER 19.4% 125t
LU CHFMOERIX4.0% EIEFITEK S, K EHRAH
YOEERL, AREMOA rid— 0.06 EHFHO— 1.09
IZHERTIEFITERWEZ R U 2. 2 OHER, BFFMHITH
a2 0 T H 0 BTAIT LR THIIMAIEE 1T/ &
BiRZERLEEEZABNS, JHUL, BRI Z M
LEEE7=0 O v PG EKIFICE —ITAHL Tni
2%, HHNREAEDSNS oz EZ5N%. LD
XD WERERZRTARBMITELD b AR D72<
BB O EICBN 5720, TUARBEHOFEMEL
TRIFIRFMEZTZS.

3.4 RILPHZEBIVKR-LPATZADUOTHT +
R R PEII BR S 5R e S I K D FRME L /2. Fig.10
WA ORRSRH & S 2R3, BHFEM OBREL &
SRR EFR EFFD 8.1mm TH O, BifTh & Lok
L#23% A L7z, Figll icOdAf@EfTickniFshn
e &Rt E ST BT BRI BIGAR DIRER AR DT 5 —
Xy RS MP DR T =<y TIZRHIGR L

9
e
£
E7
=
w6
2
w O
£
€4
O
3
£
2
i

1

0

Developed Current Low carbon
steel steel steel

Fig.10 Limiting forming height of each steels
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JR<, BETEEN SN FIREEITHB W TIEBAFEM & FMERIC
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TN F RO EF TR D RNEm <20, IN>F
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7z, INZ TR EBDOMER A I B FEM I NS D o
Tz, BRI BN, BAFEMIZN > FREEOEHTO
WRIZHAD HET U 72 A%, A R ORI A RIZ IS —
Th-olz. BTN FEBOMRZRAIHFEM T E
B—Ti3z<, EHEE 6.5mm THMLZ. —F, &
BREMHNT S 1 A 1 GBI 65 DM @PHATS 5 IR
L, NFREBORBANEOTAERITI OB L .
Fig.12 IZ B IEARMITER A © DB BT D Rk o i 8
WAROH T =<y TERT. FFM &K R FEHRILIR
LORFEHBS TH D0, FFEMITREET TR AN
N DN FRE TOWRERM D RN E <, KixFHMT
N F R TORERDRIIBFEMZEE < 2L, A1
A 1 EIATHE T DEMRE I D H D REIR AR W T &3 n o
7z

Fig.13 IZ &R & ST BU D3R AR D s R S
X (FLD) #;9. MboHho—7ow Md Figll @
NT—=<w TIZRIELTWD, (LD, Wi sHgE i)
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Current —
steel Fracture
Low
carbon
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Fig.11 Thickness reduction rate after stretch formability test
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Fig.12 Thickness reduction rate after stretch formability test

Forming height
Specimen
6mm Tmm Fracture
e 6
0.35 0.35- 35
030 0304, S0
F os 5 g o
Developed ¥ F om s
] S g
¥ oo } 0151 4 %
steel ] ey 5 o ¥
® e - 4 Y o
0.05- i 0.05- 0.05-
0.00+— — — 000 0.00+
<015 -0.12 -0.09 -0.06 -0.03 000 003 006 009 012 015 -0.15 -0.12 -0.09 -0.06 -0.03 0. 003 o o. 012 015 0.1 0.09 06
BAEVTH [log.] BAEVTH [log.] 0-->1
o
» o &
= — B s =
5 £ Y
Current < s '
- Fracture .
£ x
steel B oo B oo
L 0.10 L 0.10-
oss
o ! sl || v
= X Wn e o i o 0B ok ok ol ais
BAEVTH [log.]
= ; o oo
i
i - 0ss
ozl : ol o0
N - B 2 -
Low § om i 3 oz s o
2 H 2 3
carbon z ; E £
: g ol E § oo
- - it
stee a0] . L
0ss
Qoo o v T 000 000t ——— > 2"
<015 -0.12 -0.09 -006 -003 000 003 006 009 012 015 -015 -0.12 -0.09 -006 -0.03 000 003 006 009 012 015 -0.15 -0.12 -0.09 -0.06 -0.03 000 003 006 009 012 015
BAEVTH [log.] BAEVTH [log.] Bl BAEVTH [log.]

Fig.13 Forming Limit Diagram after stretch formability test
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Fig.14 Forming Limit Curves of each steels
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SUS/AIZ Z v R DIEEA W =X A LFERE

BHESC! - BEEE" - BIE « SupghAr

Bonding Mechanism and Characteristics of SUS / Al Clad Material

Takafumi Harakeps, Kouji Nansu, Teppei Kurorawa,

Yoshikazu Marunasat

Synopsis : In recent years, the amount of heat generated by mobile devices have increased along

with higher performance and functionality, and heat dissipation measures in the housing

have become an issue. SUS/AI clad is expected as a material that satisfies the requirements

as a structural material for mobile devices because it has high strength, light weight, and

excellent heat dissipation. In this paper, we investigated the manufacturing conditions of

SUS/AI clad material by the surface activated bonding. Only the surface adsorbed molecular

layers of SUS and Al were removed by RF plasma etching treatment, and after bonding,

heat treatment was performed to obtain peel strength comparable to that surface oxide
layer removal. From the TEM / EDS analysis, it is considered that the diffusion of the
SUS component is progressing in the Al oxide layer. As a result, the productivity could be

greatly improved by shortening the RF plasma etching time.

Key Words : surface activated bonding ; stainless steel ; aluminum ; clad ; thermal diffusion ; mobile device
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2. QEGE

2.1

SUS/AlZ 5 v R#M @ FEMITIE JEH0.05mm ~
0.1lmm @ SUS§fE (JIS SUS304) B X UVEHA 0.17mm
~ 04mm @ Al # (JIS A1050) Z W/,

R

2.2 SUS/Al 5y RHDOTES -

Figl TAEBR THWEHGEBEZRT. AEEHEITS
g 7o XLy F 2T F v N—EFELEF v > )N—T
I Tnwad, TyF o 7F v N\N—IZid £ FEMmE
ICBHBATTRE/R > ¥ v 7 —DIREBEINTH D, EHETH
THRIZERE T T AR Ty F o TWuETH D,
TIAEBNE, SUSEE AlME 1ty BT 1T, Tv
FUF v N—HNO L FEMBICHEL, 1.0 X 10°Pa
DIFETHEZE S E2fTo721%%, 3.0 X 10'Pa/ED Ar
HAZBLZYF o TF v 2 )N—=IZE AL, SUSHEE ALK
ENEFNEGERE TS ATy F & To 75X
SR Ar B AZEIEL, v vy —2HE,
MRl Z B abd CELEHICED, ELmE 0.4MN
WCO—=)VEETHIETI Ty REG L.

ZOBF v oN=noT > TIVEROEL, Bz
TV, SUS/ALZ T KM 2ERL /-

3 BRI

3.1 A—Tzhd P EA L& BAZF PDILHRT A
SUS i KO AL KT O W fE At & R 5 D 5

WHEIUSUS/AL Y Ty RMOFESHITE, F—2x

ET ot (AES @ Auger Electron Spectroscopy,

HASEFHRE JTUMP-7000) %W, S HRIOITLHES

WEfT-> 7.

2.
2.

2.3.2 E-INERET
SUS/Al 27 Z v BMOER N E LT, JIS C6471
WML T, 180° E—)VidBrziTo7z. E—ILidBriZE

etching unit  SUS foil

shutter H
. rolling unit

""" ; \ i @ |
electrode \ H Al plate_ :

cassette
Fig.1 Schematic of SUS/Al bonding equipment

20mm Y0 H U =it & 515k B (Orientec 8
Tensilon J7 e BRI 2L D, =il (25°C) Tk
50 mm/min I CTRED A Z 180° IZHIBE S €= &
X DOmiEZHIE L.

2.3.3 SUS/Al 5y RHDAE BEHBLVILRT
SUS/AL 7 Z v BMOFHTITIE, B B %
E M $E (FE-TEM: Field-Emission Transmission
Electron Microscope, H 4% 7-#H% JEM-2010F %)
EHWTHEZTY, TRV F— 58 X5 a8 (EDS:
Energy Dispersive X-ray Spectrometer / — 5 > #l

UTW B SI(LD) 8 miidR) 2 i CoiEathzefro 2.

3. RABLVEE

3.1 U3y RRMORE U
—IRAICRBERMIIT AR SKG, HAFEDOWES
FICE B RMBE RSCBEDSFELTHBD, InNs5Ee
BRTOBEAEHET S ZEnMEINTNnS®. 22
T, VI v RHEMOEXRMHIREZ AES /HIFICK DAL
7z. Fig2 IZ SUSH#H & Al R D AES RS KM D i F T
FOOMRERE R, WG TIT KD RETG IR D B
NTHDCIE, MEMESERMNS Inm FEE TIHWL
TWasZ e, ZHWEDTEIE InmBEDEAT
H o 7. Fig3 1T SUSHH & AR D AES ¥EX 16 D T
FOgHKEREZRT. BRIACERRD Old, SUS304 T
ZEmMNS 10nm B2 E, AR TIZ 20nm R E T e
WML 2. &Ko T, SEMEHLZ SUS & AL,
2nm BEDOT Yy F 2 VB TEAWE S TENRETE,
20nm LA LD T F > VR TR E2ICBRESI N
HifhEmEEoND Z ENbno /.

3.2 TyF U OUIPEAOKE

Tablel IZ/R9 X D12, JES 0.05mm @ SUS {5 &8
Z017Tmm DAl ERHWT, FSZXXITy T2
Mzabdtd, TyFT7RLoHO (Sample 1), #
HRED TEZRELZHD (Sample 2), BELEET
TRICHRELZDD (Sample 3) @ 3D SUS/Al 7
Ty RMEERLE. 75y RESHE EULEERD ok
HETIX, Sample 1 13&<#HEE LMo 7A, Sample 2
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(a) SUS304
=
§
=
—
0 1 2 3 4 3

Depth /'nm

(b) A1050

Intensity

0 1 2 3 4 5
Depth /'nm

Fig.2 AES depth analysis of carbon atoms of raw material: (a) SUS304 (b) A1050

(a) SUS304

Intensity

0 10 20 30 40 50

Depth /nm

(b) A1050

Intensity

0 10 20 30 40 50
Depth /'nm

Fig.3 AES depth analysis of raw material: (a) SUS304 (b) A1050

Table1 Manufacturing conditions for SUS / Al clad

Sample No Material e pla?{?nva)l power RF tre?rtnnil;;l hifime Al r]r?;::;rﬁ degt{l}s( I:rinazerial Heat treatment Bonding strength
+ L8 SanuiSERA0S 7(-)0 1-5 (5) 2 240°C 30min %
Ty 0 17mmAI0S0 700 180 600 460 T Good
& Sample 3 FHEEWHETH o=, LEN>T, #EIC
BEEEESTEORENNETH S Z ENbho .

Figd 127 T v RESHO SUS/Al 7 5 v RAE O AES
kR 29, Sample 2 1% SUS/Al 7 5 v REEHIC
OC—VHRLENGEMNS, Ll RELKET | -

BAHLTWS, — 5 TSample 3130 =70/ 51
NI EMS, WHBREERLTEAL TS, Figh
IZ Sample 2 & Sample 3D 7 T v RFEARHE & 230°C
30min BUUHE O —)VBEZRYT. 7T v REARD
v —)VEREZ ki3 5 &, Sample 2 28 5.2N/cm TH %
DIz L, Sample 378 94N/cm TH O, BEALIEATEE
T 256, E—IVMEIRIENERELIRWSEEO¥s
FBEFTKFLAEZ LML, RUERIIWNY > TILED
E—)VERE A L, Sample 2 23 17.2N/cm TdH % D
IZxf L, Sample 3 7% 17.9N/cm E[FRREDfE & 72> 7.
£ T, RuELESTEIRETETOHIUSE, BEHEIZ
SERICHRETTEOEEIEIRETHD, IS5 ICRNEZ

Intensity

Distance./ nm

Fig.4 AES depth analysis of oxygen atoms of SUS/Al
clad material after bonding
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20
18
16
14
12

OSample 2
m Sample 3

Peel strength / N/em

L= A A

before heat treatment 230°C 30min heat treatment

Fig.5 Peel strength of SUS / Al clad material before and
after heat treatment

1O 2 ETHEEREBERLOEA EFREDE —)LifE
NESND ZENbho7-. SUS/AlGEFELEY 5 v R
MIZHBNT, BICX O E—)ViER ET5ERE L
T, BARKOSBFE TOMMEHAHESNTNS Y, £
BEBRICBWTEBLENERGFEL TWTH, B ZITS Z
ETHRILEZSE2ICRE LSS L HEEE Y — )L REN

BHoNZOE, BYLEOEEL ThWaltllankz, =2
THALIKDRE L TWAIREET ORI D EIZDNT

PRl EE 1T o 2.

3.3 HUEE L BHNPEAOKE
Table2 127 J v RMOIEEEMZ/RT . JES 0.1mm
D SUSHEREX 04mm @ Al # & FHWT, Bt 5

70

Peel strength .~ N/cm
[3%3 w + W N
(=] (=] o (=] (=]

[
(=]
A

200 300 400
Temperature / °C
Fig.6 Effect of temperature on peel strength of SUS / Al
clad material

0 L

100 500

A RT. E—)LBREIL 200°CL ETEIINL, 400°C
T 5w REEARHOKI 65X TE—)LBREAM EL /.
—RAIC SUS & Al EDEEITBWTIE, BUHEICED
MWHE QR FIEAT 2 % S A RIS/ Fe-Al &
BELEMEIER SN, BEBREORTNECDZE
BHBENTNS Y, SEOERICBNWT, BUHICX->
fe—wﬁﬁﬁmrbtgl%%emtﬁétw,ﬁm

Tk 2 REIREDOEICDOWTHA L. Fig7 Ic2
ﬂﬁ‘ﬁim)if 100°C, 200°CH X T400°C TP SUS/AL H
D TEM %%~ 9. SUS/Al FLURIZIZ W T 0 ELEE
BEZBNTHEEMCEYEO AR RS N>

tFLIRIETY 5 KA L SUS/AL 2 5y Kifefe 7o SOBBISEMTORERT OLILIKEZHET 2
FL, BLEEE 100°CH 5 400°C, RGN 240min /2%, SUS/ALREZ Hu01C Snm & T EDS 27K b
TR E(T %2, Figh Kamumigcor—)y  AETL SREET OREIREEHE L. Fies i
SUS/Al 7 5 v RELE @ EDS seHE ks B2 RT. B
Table2 Manufacturing conditions and heat treatment
conditions for SUS / Al clad material
. RF plasma oo o ent time — Etching depth (nm)
Sample No Material power . . . Heat treatment
(W) (min) Al material SUS material
4 -
5 B ST 100°C 240min
.Imm 5 X

6 0.4mm A1050 700 1.5 5 3 200°C 240@n

7 300°C 240min

8 400°C 240min

a)100°C b)200°C ¢)400°C

F

[ 505 Lo |

Fig.7 TEM image of SUS / Al clad material bonding interface after heat
treatment at a) 100 °C, b) 200 °C, ¢) 400°C
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a) Al
100 i
90 | : ——100°C
80 | i —8-200C
1 ()
°\° 70 i —4—400C
60 |
N\
2 0 Al Layer SUS Layer
S 40 F
=
30 |
20
10 }
0 1
-20 -10 0 10 20
Distance ./ nm
c) Cr
30 T
i ——100C
25 | : —-200C
i —4—400°C
< 20 | :
N .
g ¥ r
£
g 10 Al Layer : SUS Layer
1
5 i
i
1
0 i ’
-20 -10 0 10 20

Distance ./ nm

b) Fe
80 ,
i
70 | ;
60 | :
X 50 | :
\ 1
o 40 | AlLayer i SUS Layer
£ 1
2 30 |
s ——100C
20 . —8-200°C
10 i —4—400°C
]
0 1 L
-20 -10 0 10 20
Distance ./ nm
d) Ni
20 .
18 | ' ——100C
1 Oy
i | ; —=-200°C
| i —4—400°C
o 1
> 12 | i
. i
s T i
E g | i
q Al Layer . SUS Layer
4
1
2 f
1
0 . ;
-20 -10 0 10 20

Distance ./ nm

Fig.8 EDS analysis result of diffusion state of metal atoms a) Al, b) Fe, C) Cr, d) Ni
at the bonding interface of SUS / Al clad material after heat treatment

B2 TRV E & E— VBB LD 75 o 72 2L
HIRE 100°COLHTIE, #aAmHOSBRTILHIZA
SO LT, E—ILIREEAEE N L /= SUILEE
FE 200°CHB LN 400°CTIiE, Fmns AlIIC 5nm D
& C SUS k% Tdh 5 Fe, Cr, Ni Mz ZNHML T
BY, AlEHF D SUS 5 QIR sz, Al
IZ 5nm @ & T T O SUS B4 O #EEIX 100°C < 200°C
< 400°COJEIHIML TH O, SUS 5 OILHE D # N
EE—IVBEMINCIIMEN R SN £z, ALEAD
SUS fesr DL EIEEEE, 400°CLAF DIREHPHICH W T
1% 10nm LA FTdh o 7=. SUS/Al LTI SUS MLl &
AlBBLIEZ N L THELTHB O, SUS & Al Of{LiEE
N 10nm LA EEREL TWS Z &S, IEHISRHM £ T
EITLTHE5T, BILEMTEL TWREEZEN 5.
I 5RDFHIE AN Z X LA OMIHIZIX, X O /s i
RITINLETHD, 5B bFHEZED D,

4. SUS/AI 5y FDY anb’ EEEE

AREBRICEID, RETEMEICK S SUS/AL 7 Ty
KT, 75y REAHEIT200CH 5 400°C T oL
HMEHFHZET, 77y RILETOI v F > 7 LHEE
MOBEMNETHI ZEEZRH LA itk
Ty REMETA LTI EEZERDOKN 3 ELL L
W TE, AEREDOKRIERM EAERTE 2. Fig9
IZSUS/AL V7 T v RMOEGEIZRT  AREFHIEA T —

Fig.9 Product example of SUS / Al clad material:
0.05mmSUS304 / 0.2mmA1050 /0.05mmSUS304
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Table3 Characteristic value of SUS / Al clad material

Clad material Single material
Mzzflll‘;ed Cai‘;‘lllllfed A1050  SUS304
SUS304 0.05 0.05
Thickness /mm  A1050 0.2 0.2 03 03
SUS304 0.05 0.05
Hardness / HV 320 320 69 315
Density / g/cm® 4.4 4.4 2.7 7.9
Thermal conductivity / W/mK 163 163 236 16.3
Tensile strength / MPa 401 433 229 841
Yield strength / MPa 360 330 191 608
Elongation / % 14 12 4 28
Peel strength / N/cm 15 - . -

N7+ 2OBBHTL—MTHD, 75y RO
¥ 0.05mm SUS304/0.2mm A1050/0.05mm SUS304
THBH. NAAZIHRICLDEELELTOERZH
fild 2720, REMHOIEZ Ty RMELTNWS,
Table3 I SUS/Al 7 Z v ROFEREZRY. 0.05mm
SUS304/0.2mm A1050/0.05mm SUS304 @ # % T
1%, A1050 H—#pf & Hlg U, 5I5R TR EE 3 K OV 1 3K
1.8 f&m kU7, F7, SUS304 H—#f& kil , [LE
134 45% B, BMRERIF 10 f5E T ELTHD, 5
BB X UOBBNED N > AP ENTNWS, £z,
SUS/A1 72w RMIZSUS & Al DLLEREEFETHZ &
T, BHEZEECHRAY YA XAHETH S . SUS/AL Y
Ty BOREME ( x ) IZFEMOREE (1 suse % ) EFF
AR sus, O ) KD, ROXDITEHBAITHESZH
CTFHTE 2.
X =% sus @ sust % oal oY)

FPKIZ SUS/AL 7 5w ROLE, SIERM®E, Ml g
OHIEMIX, WINBESINTEWETH> 2. > T,
BEACEDTFHZAVWD ZETEED—XITEbYE
MBI B R TH S .

RITEINA I AER N D FEEE & FHE U 72 BV O F1
Zfro 7. Figl0 Il —&7 57 1 —%HWiz SUS/AL
7Ty ROBEREABROMEZ R, igkif e LT,
JEH 0.3mm @ SUS304 & figeiEic L <HWSE NS
JEA 0.06mm OV 77 71 hi—b (GS) ZHFMmICH->
72JEH 0.25mm @ SUS304 2 & Lz, B> FILdA
Z1E 56mm X 90mm &L, ¥ FLimiEic e —4 —th
J71W, EfEfE 12mm X 12mm O b —4% — 2 B0 f}
7=, =% —0&FFEEZ AN, 10min ZITRENRZE
LB TOMEEIREEZ Y —E 7 57 ¢ —ITTEME L
7z. Figd1 TR ORERERT. BILECREE T
9% &, SUS < GS+SUS < SUS/AL 7 5 v RDJEIZ

[ Test conditions]
*Heater power: I|W
*Heater size: 12mm X 12mm X 2.5mm
*Sample size: 56mm X 90mm X 0.3mm
* Ambient temperature: 22°C
*Thermally conductive interface tapes

: Thermal resistance 1.7 cm?*K/W

*Thermography: FLIR C3-X

Heater: 12mm X 12mm

Thermally conductive
interface tapes

—5

Sample

Heat insulator

Heater

90mm

56mm

Fig.10 Heat dissipation evaluation test method
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0.05mm GS 0.05mm SUS304
Sample 0.3mm SUS304 102 Smm SUS304 /0.2mm A 1050
’ /0.05mm SUS305
Thermography image
Heater temperature / °C 73.2 48.2

Fig.11 Results of heat dissipation test

BN B E TTIBL TH O, BLEER SUS/
AlZ Ty RMBPRBENTVWD ZENgh>7-. BE—
& —REEE SUS A3 73.2°C, GSHSUS A% 482°CIzxt L,
SUS/A1 75y R 447 CERBIEL, BELFZM
HT&E2ZENbMholz. Lizhi> T CPU %o ekt
WELTSUS/ALZ Sy RIIBEHTHH EEALND.
MAT, WkOT7Z7 574 > —h%SUS/ALYZ Ty R
MICEEHRZ D ZET, MO TREOARS A&7
%, IHICSUS/ALZ Ty ROFIEELT, V9774
h— DN NWEHTZIRICOE ML TE 5720, B4k
WA EILATE, KORRMICHEEZ L85 2
EMMTFRETH 5. DL EDO#ERN S SUS/AL Y v BT
RE 7 L — M ME ORI L 72 T 5.

5. % #

SUS304 & A1050 OXRMENGEMEALESGITBWT, #E
B D EM DO XMIREEZ AES 047 L /= #5 8, SUS304 5
K TNAL1050 O BFEEIZIE Inm 2 E O E KRS 75 1
MEMLEL, T O FITEALEA SUS304 1& 10nm F2 &,
A1050 13 20nm BEFMET 2 2 ENbho/. £ I T,
IyF 7R3, RHWEREBIEEOZENE
NOEEEREL, TvF 2 JRERMERIC X D4 EER
ETREMRET U 2RSSR, AR O E 57,
(D) REREEDAHZERET DI ETY Ty REGHNN]
HTHD, 75y REACKRERT Y F > /&3 2nm
UETH 5.
(2) 7 T v REGRICBENIE Z21TS 2 & T, SUS/AL F
ICHEAEIENTERTE L TS EHA THRERICHRILIEERREL
D ERBEOEWE—IREEEDIENTES.
(3) 7 v RESGHOANEIX 200°CLL L TE =)L i
MELEL, 4000COEEE— IV BENKRbENO /.
T O Y —)LRE N SUS/AL 5 T O LIER O
JFHFIERM TS L Tnwb EEZ 6N 5.

PLEOHIR & D, SUS/Al 7 v RMOELEIZHBNT

21

7Ty REARICIEZITS 2 LT, Ty F M
REfAVERE C &, AEMENKRIFICHM LUz SUS/AL Y
Z oy BANEEE S HEMEICEN, BETHS0D, 5%
AR — N T D TINA VRS O E R~ O i
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Development of Diagonal Hole Detection Method in Pinhole Detector

Ryo Basasaxi, Katsunari Mivaxke, Kaoru Ivmasnice

Synopsis : Pinhole detector is a device that detects minute holes that penetrate in the thickness

direction of the target. The causes of pinholes are falling off of non-metallic inclusion and

cracking during cold-rolling. As a general inspection method, the target is irradiated with

light to detect the transmitted light from the hole, but in the case of a diagonal hole, the

transmitted light is less than that of a vertical hole, and it may not be detected. Therefore,

we have developed a detector that can detect diagonal hole and improved the detection

capability. The developed pinhole detector uses two linear Fresnel lenses to focus the LED

light in one place. By making the light at the same angle as the diagonal hole, the amount

of transmitted light can be increased. In addition to this, by using an optical fiber that can

propagate only the light incident from a predetermined angle, it is possible to reduce the
influence of light other than transmitted light that reduces the S/N ratio.

Key Words : pinhole detector; pinhole; diagonal hole; lens; optical fiber; minute non-metallic inclusion
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Fig.1 Schematic view of light path through the strip
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Fig.2 Relationship between numerical aperture and
transmitted light angle
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Fig.3 Detector configuration using linear Fresnel lenses and optical fiber
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Fig.4 Schematic view of optical fiber unit
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G-C’ cross section view
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3 Since the sample used for measurement has a large hole,the detection value is high even without lens.

Fig.5 Comparison of detection levels using optical fiber
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