F2EEHEMMCEITIREDHARERRERS

i oY %ﬁkﬁ‘ﬁ’& IV -1BHEREHHLIE
E2 &1.14:%1 _70):!”%&
%0) = NI T INM ANDILFE

RFERFIREFRMEH
(L% %)

2012F1H823H (ER)







m AN

W -BHlERIESYMTa

1[ZDLVT

1. BHlFL—TDEFHETDRAEGE
2. Wil e A ARt A
—J DA
— =T IILDIGE
—fADi5E
3. BHiEIE=vILF1—T DI
—~-BHEBRT/NAAAEBADIGFE

4.

WD

oll




IR ES

1. BHF1—T DRFHETDRETIE

2. Wil EHE Rk

—J DAY

— =T ILDIGZE

- D5 E

3. WifliEzit =y L3

WV -BllERIEEYMT

— BNETEE

4. FEDH

ml

T INA X

A—TDIAIZDNT

n =

=]

i*@/\a) J'[l::\A )




T, EREF1—THEEITEFETHDOMN?

REHE: 4o’ || RER: . L
Zﬂrx2r+(2xrjﬂx2r+{ﬂr2—ﬂ(rj }XZ

V3
T
#11.915 :47z’r2+i7zr2+%7z1’2 :|7.647z'r2 ‘

V3

FEATEDEkE F 21— DRMEMIELLER



BHF1—T DIAE A E
N\ (£ N
e (o) | | s

A I H
A R0

Fa1—T DKES
HRD YA XITIKTF
BIREIIKTE




R B P

%ﬁj\?'ﬂ:é\lq@d) AT AR

BiR A\

|
P T —

|: 77 UUJ *@*&Fﬁﬁ‘ﬁﬁ%ﬁ

I ORYT

TR




B ARIEICKY RSN Sl
=

.‘ -




A S ERREMR (X
TYLARIGE) DREIS
BEZEMIT D&, &

ERmEICERNEFY,

BT FELT, Hi#
RIZHS,

= ST R DS

+
|
T

BRIORFEHNMNEKE
BRNZEBADE, RKIE
SeimM o BEMRIZMA]
Mo TIERHT S,

BRI SERAERME
ENKSGY, SoITHlEY,
SlEf@ldeh, thREHELF
TEIRSGY, FELARY
HL, f#ELNFRIND,



AT DB E

4 ) =
Pol)_/kmer BIHR Polymer/ PdCI
IBIE/INS OO L (c‘:: - e ()
W
THERE HH 4L FE
I N e oY o
Qi/ﬁ°”C> (Q ee | ) 7 Wi 9
BEMMDHHOE BHF1—7
Polymer

{ CDFEZEYEEH SV EIEERILYIBHFL—T
Zx \
ﬁ?g_ s 7 ' s - E .J-'_




BERMRIEICLDBHRBH D

ATULAR

)Y

_—

—— oo WBiRAEERE
4

DY UURYT

AR
| BEEREE
PMMA2 7 wt.% PVDF-HFPP 12 wt.%
PdCl> 9.4 x 10" wt.% PdCl, 1.1x1073 wt.%
chloroform acetone/DMF¢(v/v=70/30)

C HMmMEE V) 120 ([ EMWMEBE Kv) 120
EiRIEE (ml/h)  1.00 ERIEE (ml/h)  0.75
| iEEREERE cm) 12 )| AARROEEEE cm) 12

2 Poly(methyl methacrylate), ® poly(vinylidene fluoride-co-hexafluoropropylene), ¢ N,N-dimethylformamide
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Pol;imei’/ PdCl-

Polymer/ PdClI;

PMMA/ PdCl> ] PVDF-HFP/ PdClI>

mER—_vT I 30 min 10 min
H-o=

- 7
@, @ e \@ [Ni-P/ PMMA/ PdCIz] Ni-P/ PVDF-HFP/ PdCl,

Ni-P/ Polymer/ PdCI;

BEMR_— v 7LD > ETBMEK

Chemicals Concentration (mol/ )
NiSO4-6H20 0.11 H,PO, + H,0 — H,PO, + 2H* + 2¢°
NasCeHs07-2H20 0.05 Ni2* + 2e-— Ni
NaH2PO2- H20 0.22 H,PO, + 2H*+ e — 2H,0 + P
CH3COONHz4 0.32

H,NCH,COOH 0.13 pH 6, Bath temperature 60 °C
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Ni-P{EH NIOF 2 —J
| Ni-P/PMMA/PACl, | g
Ni-P/ PVDE-HFP/ PdCl, =
EQVPAIS G

| NiO/ PMMA/ PdCl |

400°C 2h

HFRRE NiO/ PVDF-HFP/ PdCl>
10°C/min



PVDF-HFP/ PdCl,
FEHERE 0.3 um

ooy ,\;, \ ﬂ{. 10 um " lk ‘ N '
Ni-P/ PMMA/ PdCl; Ni-P/ PVDF-HFP/ PdCl,

FHERE 4.9 um FHEE 0.4 um



PMMA/ PdCl;
FEHERE 1.7 um
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NiO/ PMMA/ PdCl; NiO/ PVDF-HFP/ PdClI;
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LB 4.7 pm (R 2.5 um) FHERE 0.6 pm (R#E 0.3 um)




® NiO
® Ni,P
® Ni,P
Ni
® NizsPs

® Ni3(PO4);

Intensity (-)

Intensity (-)

%nﬁ*—lO)XRD/E'IEﬁ‘*%

20 (deg.)

MMWW& o \_ (0

20 (deg.)

famiEAiF L

HAREAZE AL
NiOD & Bk

(a) Ni-P/ PVDF-HFP/ PdClz, (b) heat treatment at 400°C for 2 h, (c) 550°C, 2 h, (d) 650°C, 4 h.

M. Wierzbicka, A. Malecki, Journal of Thermal Analysis and Calorimetry., 55, 981-987(1991).
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Outside diameter [Lm]

0 1 1 1 1 1 1
0 02 04 06 08 10 1.2 14

Qutside diameter [Lm]

BRRIEY A X‘(Wﬁ:‘, 5’H§=‘) ’a_'—?ﬁ ?’é*ﬁ%ﬂ]?—:—j"é

7 ] 1 1 1 I 1
5| PVC,PSandPVDF-HFP |
€ PMMA(DMF)
_ = 5} @PMMA 1
® PVC % 4t
PVDF-HFP %
®FPS S OF
S 2t
2
— 1 L
OI 1 1 1 1 1 1
0 1 2 3 4 5 6 7



MEALIB(Z RSy LT ENDZEIE

Plating time [min] 60
Heat treatment
temperature [°C] 0 400 >50
Heating time [h] 0 2 4 2 4
C [wt.%] 13.0 15.2 7.5 6.4 3.7
O [wt.%)] 7.2 11.9 17.4 32.7 18.7
P [wt.%)] 4.6 3.9 5.1 1.0 —
Ni [wt.%] 75.2 69.0 70.0 59.9 77.6
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| Ni-P/ PMMA/ PdCl, (DMF)
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Polymer solution

Polymer 15_ SE;I/ZL] Solvent
(PPOI\I/)(IS/In;\e)thyI methacrylate) 195 Chloroform
Poly(styrene) 105 THF Y/ DME 2
(PS) ' (v/v="7I3)
Poly(vinylidene fluoride-co- 1 25 Acetone/ DMF
hexafluoropropylene) (PVDF-HFP) ' (v/v="17/3)
: Stainless
Syringe Tlp-collector /steel plate I?dClz
& distance 2
@ S Electro- w_
[] il — P0|ymer
spinning
Filter paper PMMA/ PdCl,
Syringe pump ﬁ PS/ PdCI,
5 8 PVDF-HFP/ PdCl,
High voltage (& . @ 'L

power supply DTetrahydrofuran 2) N,N-Dimethylformamide
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PdCl, 4

/ Electroless '
—.
™ Polymer plating

PMMA/ PdCl, 15 min Cu/ PMMA/ PdCl,
PS/ PdC, (2% Cu/ PS/ PdCl,

PVDF-HFP/ PdCI, Cu/ PVDF-HFP/ PdCI,

0 BmEMBED > TBHK 0 R OD AT HE B
Chemicals Concentration . (1) 2HCHO + 40H —
CuSO4(£/K) 0.05 (mol/L) ; 2HCOO" + 2H,0 + H, + 2e°
C10H16N20s 0.01 (mol/L) . (2) Cuz*+2e — Cu
HCHO 10.00 (mL/L)
NaOH 0.50 (mol/L)

pH11~12, Bath temperature 65~68 °C

- (D+@
- Cu?* + 2HCHO + 40H —
. Cu + 2HCOO" + 2H,0 + H, + 2e’
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Heat
—
treatment

Cu/ PMMA/ PdCl, S T e 4 CuO/ PMMA/ PdCl,
Cu/ PS/ PdCI, BAnfEIZ&YRRE CuO/ PS/ PdCI,
Cu/ PVDF-HFP/ PdCl, CuO/ PVDF-HFP/ PdClI,

(&1L £R o 22 ittt

O BB (FREE 10 °C/min, fRIEFEE 2h)

a4 ZANIER
[°’C]

Cu/ PMMA/ PdCl2 400

Cu/ PS/ PdCl, 450

Cu/ PVDF-HFP/ PdCI, 550




Frequency [-]
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PS/ PdCl,
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Diameter [um]

Frequency [-]
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Diameter [pum]
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Diameter [um]
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PMMA/ PdCl, PS/ PdCl, PVDF-HFP/ PACl,

HoEFE :4.09um H-HEE 247 um  H-H =% : 1.40 um

4.09 pm
2.47 um
| |

110.82 pm

L 0.44 um
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Intensity (-)
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Intensity (-)
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Cu(111)
© Cu(200)
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20 (deg.)

() Cu/ PMMA/ PdCly, (b) Cu/ PS/ PdCl,,
(c) Cu/ PVDF-HFP/ PdCl,

® Cu

W LF-Cuth - =&
b smmE-rshoBEE RS

o0
® ® ¢ o0 0 oo
30 0 50 60 70
20 (deg.)

(2) CuO/ PMMA/ PdCl,, (b) CuO/ PS/ PdCl,,
(c) CuO/ PVDF-HFP/ PdCl,

® CuO

CuOlZ
B i
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Inside diameter [um]

N w EEN ol (@)
I I

A

i (a)A
X

(b) x

® PMMA/ PdCl,
- A PS/PdCl,
X PVDF-HFP/ PdCI

(c)lo

‘@

0
0O 1

Average diameter of template fiber [um]

2

3

4 5

6

\ 4

&/|V 0.35 um ~ &KX 5.58 um
DNEZEI HERILIRAPZEMEZ
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Cu/ PS/ PdCl, )

NZE 1.14 um
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NiO ::) [#ww&" — YT IVKRTERBHADIE Eﬂ}%

0.5 cm (FE. #57)
/\
PMMA 8 wt.% - ¢ .
PdClz 1.3% 102 wt.% . EE . o EHIME
DMF + 1cm mexnas "g 3
- .
PMMA/PACI, (DMF) 7 7 A 73— Naad BEE 0.2 M NaHzPO;
(0.5 x0.5 cm?) FaNi 60°C, 30 min
BEM_vTIILOHOE § LIS
10 min 550°C, 2 h

Ni-P CI& & NiIOF 1 — J E i



ERLL 1-EAH

PMMA/PJCL,(DMF)
274 I1\—

. s

NiOF 1 — JEH

274 N—[E&FED
FANIE R
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| | Ag/ AgCIEE

Pt#R (9 cm?) ﬁ@*lﬁl KCI
ERTE 1 mol/l KOH

HOSRE

e R
T7D/T i

NiOF 1 — 7lm1t"‘fi 1(0.5%0.5 cm?) ZBERN=E

EREE

@ ERRICZTELL-EBODHEAMEE (g - total weight)
@ EMRAMHELI-O->TEBDEAEE (g— plated Ni)




5mV/s| 7 FIANIEE ENTOFERE

Current density
[A/(g - total weight)]

=== %> LI-R/ANIEE

@ T2 G- 2E - EBOBEMNEE
_NiO?':L—j'?é',*@ EE.ﬁ*F/&' N-i=1 LT EE.*_O)g‘LLEg

FANIEM 1.4 F/(g — total weight)
&> =FHENIEIE 15 F/(g — total weight)
NIOF 12— &M 33 F/(g — total weight)

10.2 A/(g - total weight)

) 4
O@EMRMMHELI-HH-ETRBOENES

0

01 02 03 04 05 [[NIOFx2—TJEM 298 F/(g- plated Ni)
Potential [V vs. Ag/AgCl]

NIODBERILFRIGIZHF S E— ZHEE L 1=,
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—. 05 — — 150 100
o 50 cycle = @)
([@)) —
< 04r Y. 2120 T e {801T
> c . o °*° Q O
< G_,) ‘Q‘ ([ ] ° ® ° ‘0 ‘. ° ® 9 1 Eh
) 0.3} O 90 et ® M, ° ‘ﬁ. o ¢ 60 S o
> uqz_) e’ %o %o —~+ O
2 © 60 40 = %
— 02 e Epnf -
© ‘é -‘ﬂ-ﬂl'lw'-"' T (f) 8
= & o
S 0.1 S 3™ — 20 = 3
— -] Z O
o o — D
D— O 1 1 1 1 1 1 1 O O ] L ] 1 ] 0

O 100 200_ 300 400 500 600 700 0 10 20 30 40 50 60

Time [sec.] Cycle [-]

NIOF 1 —TJEWBFHERE (50 cycle)
48 mA/(g - total weight) : 39 F/(g - total weight) 2 —B >3
455 mA/(g - plated Ni) : 370 F/ (g - plated Ni) [Z[1X100%

NIOF a1 —J AW -EBREEB~ DA gL



Integrated circuit, by Jack
Kilby, September 1958.

Gift of Texas Instruments
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Hiromori Tsutsumi Yamaguchi University
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