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Abstract

An electroformed copper deposit is widely used for surface modification because of its high brightness and mechanical
strength. Some additives in the electrolyte, however, cause lower electrical conductivity. A new method of copper
electroforming without additives, called a periodic reverse electrolysis method followed by electropolishing, was recently
developed. The deposit shows a high conductivity as that of ordinary oxygen-free copper. Electrical breakdown
characteristics measured by repetitive breakdowns by applying impulse voltages revealed that the breakdown field at the
first application of voltage in vacuum was 40 MV/m for the electroformed copper electrode. The electroforming method
is planned 1o be applied to the entire inner surfaces of the proton DT linac in KEK/JAERI Joint Project.

BHECSLSIVER L -BERFRSEONEISH

1. U &I

R 50 O % S8 20 1 BTN A
WIRA % A0 L 22 0aRER 2, & 5wt S OB
WERBEEEE LTELHWENRA, 2H)LTHELGR
72b DI, WERKORE I X RES L L
Az, —RRICIIEEDSHIREAL, /o, WA
MELE RS, L LAAS, WET 2440
7o, HOBEMETHE SN EEERM L ) bES
(EEIEAT L % %l A B, F72, DTLOTE MK
HISTER Lz a b A A U D% <, 4512, —HI
BORETAHLEHE LIS W L RS T 5,
AT, WA & Hw v ESESE S, +5

CECRAEEE O T L bl O, ik N "
OEWEONEIIEMT 52 Logtman e, -0 L CHBIRPRAMRETERDE A 35

AEL T OEBEC L) B L 2R R, ppm (Eg) LT L4 0, WEOBERE #hiid THESL
e C DR B TR, OB, N5 MEFEFES (<40 PPM) &M% T, SGIRAZER L
T O N IR & DB AT 5 72, FRRRIATEFA A (220 - 1500 ppm”) 1= Hosfiiay T %

ClroTWd, 2072, FLIDRT LD IZo®E

| substrate < = deosit S e
R D LA

1. PRIEICE - TiBE L

2. PRESFSHORECHE e s
FIRA % PRI 2 R B O C AT £ 5 1) if v gﬁfg?g?‘éﬂjﬁgjfgﬁf-
& KR AL, R e & R B L > :

X600, TR & EM 091 A & TR i Aac
A0 B LA 2 & (PRIEDY, FEIRAIZ 8 Bk IACSEEHE RS Ft 1007
EAHIZ S, /NS ¢ H—7kh Sk (B 10 pm R s 1020
REDFGEHER) 2355, &l T4 B MG PR 5 101.9
L5 (F1). SR A it il £ 17 B 85 5 76.8
Y. Saito, 0298-64-5278, yoshio.saito@kek.jp 78 A TR SR R 55 80.1

0 3430



F 2. SOBEMAYRE. HALIE MPa.

R FEARSEEE S /D) 5 |oRaE AL
) ST 34 (0.5%) 213
$ s M S 5
s (k) 324 (0.5%) 327
PRESEW 150 02%) 280
YCIRFIRGEL SRS B ~300 (0.2-0.5%)  ~500
IR A TR T R 5 — 280
BETER L0 X WVERBEErEY. L) -

T, ZRMEEmE LCHEA LR, L)EvwQE%
FoLFHINns,

7, RSB ORI BB A ED SRR
HHH, FEBRIS, FEmREROMILL z L 72
Lo LREREDOEMMELZHF L TWD (GK2),; At
BB ICHRE L TIE S N S — iy 4 MR R A 1L
107100 p m O R Fo. HLEOEE I
VT A SR OB LS AEAR B R OB I A
LI EDWMBEINTEYY, AL L&
M - T, PRESF I Z L0 B KIS 7z
BE, 5ETOHETHOLNTVWIEFRL ) S
WHERR IR R RO C E IR S LS.

3. MBEERESN

3. 1 HAFERE ERSE

VAN 55 5 RS 324 (OFC Class-1) % i WEKTH FEA6
Z8E L (ERAEE 18, 30 mm), TRFRIRTEPRIE, &
IRANRINRERSR T2, /N A DB W T#
NEFN Imm ODEIIHEEITEEEL. Thbok
W%, BEMIYIC 0.5 mm YIHIBRZ LIEIRZEZ 5.
Z0 %, PRIARKEHID W TIZEMIE 40 xm B
RIEY, TDOMWOREHIDONWTIET T v o Xy
FiE (£ 240 pm) I L TEREZFHICT 5.
29 L T EiF -5 M 1%, Ra(zm)=0.40 (PR
A, 0.84 CLIRANRINESM) & 7% o7z,
[F—BSHETRE LB ER 2 @2 2Nz
Wi, MpfE L CHEEF Y 8- ICKE (E ik
107 ~10% Pa), WA > 78V ARERGL LD 64 us,
WRE 700 us) #477% o7z, TOREBEIZIIXELE
T3k (XPS) ez HMTHB Y, EHMERO
M E"ZDOGBET LN TEE, BWEICA
YISV ABELRENNL, BMEIBELLZVWEEIZE
SHICEBVWERELZHINL T, wbwbary74
DAy BREEED R L DS O MRt T B
WL F vy 78BS O 2 mm) IE £ I1h
T LTwor,

300

N
[
=]

juy
=
S

Brealsdovm field [BIVAn]

@ Acid sulfate bath with brightener
O Pyrophosphate )l
o) © Periodic reversing

| L { |

P R
0 100 200 300 400 500

Number of breakdowns
B2, BH I LB ERIIRIEED LA .

3. 2 fFniEERE

22, BEERPE 30 mm ORFEM THES Lt
HAFBIERE O T A R T, LoRBba 71 v 3
=2 TSR BRI < & MR REE B AME I <
0, WEOBRGEREREROER THRONDS D
DV KELEVIR VI EXS ol T,
RMERMOE AL HEEZ )KL T GBRTH
DT ARMYENZEEL, TNOICRRT L HER
|G| R (A A W 1= U o BV

L Lans, MEBIEEREIC O WTIE, &
FCEDEDPHFICRON A, R3IITRT LT,
PRAES; ML, M OFEHMRIC BB ESCBIEER
SRIE 2 FED, ZIVIEEEE AR R S (OFC Class-1)
AN EY PN gl O BT BEAEICR CfE
THb.

3. 3 XPSHHFHIZ L B RIETIRRED BIES
EHMELE V724 RIOERTIE, (4 1]
RF =) T EORMMIEIIEL TV WwoT,

AR, & AR ED G AiD H AR AR,

#3. WHHEIC L D DEHERMETRO b,

PR PRALES 7y

SRAIR INBEREH 5 7550 E

54 DRSS R 10

e e T 20

RS wagmins 16
diamond bite 71

0 3440



M HEBYRIFLTWDLEEZ LN A, K3 1E
PRESE I & LIRAIRIMESSERH cToar 741 a=
YRR T O MR Th S A%, PREFHFHTIED
VT4 v a =V JHI DIKEETEEICCu2P, CuAuger
DAY PUHEI SN S, ZHUIXF LT, HBIRA
RINESEB X 05, C, O DE— 7 & S IIPRESH
SDFNE T HEFEETH S A%, Cu2P, CuAuger
MERER SN v 054 DR 5T b [k, o
0, C, O xEOMORKMY)TCu K HE DAL
TWAH I ENGE., TOEWD, F)E ORI
BEDXELTHNIEST R A.

T/, FoOBRICHL Ty T4 v a =y IO
W, FINA YNV ADEE - BREEEBISET S
&,Lﬁ@@%%@m%ﬁ%@%ﬁfu wmEL
F-& PECHE T FER UL BT AN L 725 K

mAGEE L BIMOZMENDEM SN HS, WOEHN
TIRBFERSEML W ETREIBET LI LN
L, b, FEEIE AR MRLIT A5, H AR
BOFLLERIC L >TwAhbEEZLND.

1

Be_forcje breakdoWns

- Periodic reversing

Aﬁer 500 bréakdowns
Copp Lo

Intensity [Arbit. wits]

I H
-:CU Augcr {

1000 800 600 400 200 O
Binding energy [eV]

Acid sﬁlfa’ie bath
r. with brighteners

Before br;eakdovjvnsi

QAngér 2 i

After 500 breakdowns

CuZP : H ;
'CuAinger

Intensity [Arbit. units]

G

1000 800 600 400 200 0O
Binding energy [eV]
3. XPSH AT TREKEIKED LA,

3. 4 WMEEDEREE DT

500D MEFREIEIC L BT VT va s EK
T L% T, @FEOBERRNERTO S E & Fk,
P il ARl IR AS, PR 1:Z oHEfREY LS, LD
AEEMICBWTOR SN/, 727, PREHHN O
PR O ERME IR T, fudkRTd o72. T2,
PRl OHEREWIZ D WT L, L )RELIE—ThE
W EDPHH N TH D, BTHBICL 2EHBEHRD
BRLBIE AT S D DEWDH L0 LG SN D,

4. TE®H

FERF) 2 N L 2 WPRESH NI AM 2540 7%

BRUTIELE A%l F O G ok M RR R 60 & AR IS =
ZEDTHEDP D B, EZERTOMEF BB

WT b, BRI )OI HE AR REIR R BE AT 40 MV/m & Hw»
Z o,

HEE T, HEEBRRAERTO X v v TH#%
WZOWTIFLIT O B S 2% » TE TV A4,

1) WEIKFE D% & RAEIIER R MR, H2E
B, 7= v IR FE RS R.

2) BA A He") HE TORMFFILIE R
HWER FAIELDITHER).

3) HIA RIS 72 &2 X B IR Okt
Kl & LT 5 7200 T ARG G
hxELEE, arF14vary Vg EE
S5, 4512, diamond bitelZ & 5 FeEfgIN T
(X, P, REBIRERD LA 5.

%@@PRm%ﬂwxmafwﬁ%: o2, 3
B LAWY ETFORBLI-I0EEZS
NaH., 31 EREL T, Mol b &AL 7045 SR &
%mfﬁkW%H,mﬁﬁﬁ%ﬁwﬁﬁﬁ} DRE

LEEDWTELIZRARLLENED.

<EEILH>
1) K.Tajiri et.al.,, Interfinish Congress,
Partenkirchen, 2000, to be presented.
2) K.Tajiri et.al., Plating and Surface Finishing, 2000, to
be published.
3) W.H.Safranek, "The Properties of Electrodeposited
Metals and Alloys", 2nd ed., AESFS, Orlando, 1986.
4) W.H.Kohl, "Handbook of Materials and Techniques for
Vacuum Devices", 1995, AIP Press.

5) T.Shioiri et.al., Proc. XVII'th ISDEIV, pp. 85-88,
Berkeley, 1996

6) S.Kobayashi et.al., IEEE Trans. DEI, 4 (1997) 841.

7) S.Kobayashi et.al., XIX'th ISDEIV, Xi'an, 2000, to be
presented.

8) S.Kobayashi et.al., Vacuum, 47, (1996) 745.

9) K.Ohira et.al., IEEE Trans. DEI, 6 (1999) 455.

Garmisch

0 34500



