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Abstract

As one of the steps to improve the copper surface performance under high-field operation of X-band
accelerator structures, copper surfaces were studied, which were prepared to simulating various
processes in the structure fabrication. The test samples were inspected by SEM, AES and XPS.
Carbon atoms always occupy 50% or so of the top surface being composed of mainly CH,. Oxygen
atoms migrated deep into copper by more than 10nm when treated in a vacuum furnace. In the
vacuum treatment, a copper cap was effective to prevent the surface from being contaminated by
foreign material from furnace components. Oxygen goes into copper by several nm when treated in

wet processes such as etching and high pressure water rinsing.
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Analysis AES (FE-SAM) XPS
Mode SEM & AES XPS
Contractor Hitachi—Kyowa Hitachi—Kyowa
Maker ULVAGC-PHI Ei#/KRATOS #t
Type Model 670 AXIS-HS
Primary Electron / X-ray Electron X-ray
Voltage or X-ray] kV 10 Ko of Al
Sample current| nA 10
Beam spot 40nm Tmm
Beam spot (typical this time) 100pumX100um )
Vacuum level| Torr 2x10°~107 107°~10"°
Sputter Ion gun Ar Ar
Ar pressure| Torr 3X107°
Voltage| kV 3 2.5
Ion current] pA 61
Exciting current| mA 15
Injection angle| deg |30 from Horizontal 45
Beam size ¢ 0.2mm
Sputter rate
Without raster| nm/min 45
With raster| nm/min 0.8 2
Raster area 4mmX4mm 2mmX2mm
Rate eq. SiO, nm/min 09 2-3
VAC level Torr <5x10°
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720 XPS T VU TBIANWO T, FroGmazxicETIicoth 2172,

10.0kv 200.0 X 100.0m

2 : [SC2] As machined surface with stained spots and a pit. Note the different scale

comparing to the following figures.

10.0kvV 1.0kX 18 u

3 [SC2] As machined surface after Ar-sputtering



ket

10.8kv 1.0k 40,

4 [PC10] PC10micron

==

1070kV 1.0k% - 10.@

5 [VAC Open] Processed in a vacuum furnace at 1020C for an hour.
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6 [VAC Cap] Processed in a vacuum furnace at 1020C for an hour with being set
in a cap made of the same material, OFC, to present the specimen from seeing the inner

surface of the furnace, such as heater etc.

10.0kV 1 .8kX 10 lBTlm

7 [H2] Processed in hydrogen furnace at 1020C for 1 hour.
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0.0k L0kX 100

8 [Etching] Processed with a SLAC-spec chemical etching for 15 sec. Crystal

grains are clearly seen.

10.0kV 1.0kX 10 m

9 [HPR] High pressure pure-water rinsed surface. Typical surface area showing
pits and long-narrow traces. AES analysis was performed on a small rectangular spot

shown in this picture.
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1 1 [PC10] AES: Poly-crystal 10 micron cut.
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1 3 [VAC Open] AES: Analysis is focused on one of bright spots.
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14 [H2] AES:
e 2002b1000.5pe
I I 1 1 1
151 Atomic % T
cl 20.7
01 20.6
Nal 18.1
- cul 12.1 n
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K1l B.9
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51 2.0 rl
Nl 1h5t]
Ba
Ba Cu A
Cu
Na ]
-1.5 .
2t o Cu _
1 1 1 1 1
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1 5 [HPR] AES: Analysis is focused on one of the foreign matters such as

shown in Fig. 9.
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1 6 [Etching] AES: Top surface of copper sample etched for 60 sec.
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FHEIZBRN S =iy 7e 2 553 (C. O) ([Z2W T, Ar ANy X 24700
M OIERS AR ERE LT, HIEIL, Rl TOMWYE— 7 WE 2 A Ay &
LIZFETOARY "VET 4T 4752 L 0ES, tEEE~
1 %REE TIIE—7 2 HIRIC THR TE 20T, miAMaEITHE»TH D &b
NDMN, FFEY T VOMRERAELTRDE, 2~3%MHIERME R TE
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GEIK1 7. 1807 ay MORLE, MFICHEZR<3

O H—R Dz

HZEFWPE Lo b D, FRFWNICTe & H L TR L 72 DIVAC openlid,
Bnml EORADED NN, BEREFOX v v T2 nSsE UL
D[VAC caplif.2nm L F DA —AR AR AIZIMA BN TS Z ERbnbd, £,
T —21Z 2 ARIFED B D[Stored in desiccator for 2 months], KO/
FANTOMIL7- % D[Kansai U. Non-oil diam cut] 1%, Z&n mEE £ b
BRAPRD LN, TNLSMNIAET 1~2nm LFV THY, T EHDAIZ
JFELTWD Z ERbhoTz,

O BHEOD

pos

Ed)]

HZFAPRIVACIT % & v v 7HEICHEHD LT, R nm UL EA
DiAF, ZOFE 3nm LLEIX. exponential THA L TWa, AL, ESICTEL
T, ¥y vy 7EUIE 20nm ([CHEET DA, Fv v 7HY T 10nm FREITE
SFEoTWNDEI ENbLND,

I 2D WLER 2 fifi L 72 [HPR] & [Etching] T £ DR A LEAIE < . Snm
BEOIRAND D, £i=. /A AV TIMLLZY?O[Kansai U. Non-oil diam
cut] HRROEERADRD LD L9772,

ZHUZK LT, T —HIZ 2 ARFEO B D[Stored in desiccator for 2
months[i¥, T < &l 2nm BEIZER{LIE 278D b vz,

B UANTIE, Inm BE LR TE T, 2 D REmEZFRWV THREN
D B AR,
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W, e, BEFOGEDO LD RBADIRANETZ &0,

@ EMKEE L =y F o 7 OERLF TIE, B nm ROMEORANRD D,

OEHIFZETICEFEL TR &, ZEHOBLIZ2nm IEE Y THEHN, h—=R
DIRAREIT2 »r HEECHEIIIE nm K L 725,

® /) v FANTIERBESEDM L TH->Th, H—R U RBBITLIRAEN
%< 7255 LV,

EDOMDITR :

WH#RClLiZ, Yo7zl o TRl ESNTZ0 EnZeno72 LTEE LN
B, FREEDOFMEOY o TAREZ LB INDG Z LMD D, IREIT 0.5at%FE
ETHbH, ML, T REDORIIFEL, EWOE W Inm FBRE F TOHHTLM
RN b T,

F o, BZFOKBIFER T, SR TRBE LY FLTiE, ME S NI H
HIZBH SN2 E0nb 0, BEIC L 5RE~D S ONTHINCERT 2000
MR, F2, mERRBRZICA -S> TDd MnS[2IIZRER T2 b /s
WS, Mn (3FHIRRHE ST,

BEZOFAER Y L, R N BNBHIESNLGZEnH Y, =TI T RIT
LarbnLEZLND,

[1] B. Singh et al, “AES study of sulfur surface segregation on
polycrystalline copper”, J. Vac. Sci. Technol., 17(1), Jan/Feb, 1980.
[2] F. Le Pimpec et al., LCC-0097 Rev. 1, Aug. 2002.
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AES Carbon depth profile
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1 7 Carbon depth profile by AES.

AES Oxygen depth profile o 0682
100 m 067-HPR
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@® O071-Etching 15s

- 074-VAC open

075-VAC cap
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0 Stored in Desiccator for 2 months
0 Kansai U. Non-oil diam. cut
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&
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Ty
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0.1

1 8 Oxygen depth profile by AES.
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T v F - r7FREmD AES 5T

[FERD AES oira, = F o 75 (myF U 7 FH) 228 bS8 T L7
FHEINZX L TITo 72, B AT b LT, BEERD AT MV %K
161CRLIz, ZyvFrZUANATHLISAONDIHREZRONNY — 2R LTE
0. SOMICRSR, R, WRPBN SNz, S LEEERELEDE TR
T,

Ty F TR EE AT L EDEE TRIZEL DL, ZOAnbbND Z LI,

1. RHFT, =y F U 7TRHMEIICELT—E T, FMmIZ 40at%f2E, 3nm T
TITE at% F1ET D,

2. WFIX, FHOODMIIZ yF U THEMICEOST —ETHIN, RARE
SEm oy F U U R & I HEFRICHIN 5,

3. HRITEFEITITFEITE at% Bl <553, 3nm RS ITIFE< BT
T, REEFORIFET LHEEIBND,

4. ZToFUTRDOERS THLHEBRIIEENLHEPITRB SN2 o7,

HFETHD,

#: ToFUTEMAELEZTZE =D AES SRR

IyFo T HER ES i h—Ry [ B
- &M 42 41 15 3
3nm 95 5 - -
Eo31:] 43 31 21 5

5§
3nm 89 5 6 -
=M 43 35 18 4

10%)
3nm 86 6 8 -
RME 42 33 20 5

60F
3nm 79 6 14 -
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XPS 73t

WIZ, SIS D ITLHE DL FREAIREEZHEE T A 7202, FRRICEEES =Y
TNV XPS AT L7=D T, FORERE TRtlord,

FTIILEDORIETH LA, K19, 2012, EEMNMTISC2lDY 7 vicxtd
4. BT R X —1400eV T TOTIVARY MLER LT, BFEEICIT. I—
Ry, BBHFE, HENRAONAN, Inm DAy X THERZ 230, DT
A VRBFEILIR D, FREDY T NVDAT MVFHEK I ERETHY . F
TRARHUIT T — R EEFR Th > TX b TREAF~nm OARIIFIET 5,

K2 1~2 3|2, Cu2p, C-1s, O-1s, CI-2p O E— T (T DORR ALY R VoM %
B#. 1lnm, 2nm CHIE L7FlZ R LTz, ZHUIRSINTWD T 4 v T 4
TICLDE—T 5 E4T-> T, h—R - BEBEO L EAIREE T LT,
INTRERZRE L TR 2~5IZBIFTH D, F/o, K261 h—KRy, BEIC
*L T/ 77/ LTRLT,

X2 5121%, ¥adk Cl, K2 512i1FhisE S ICBd 28R~ hLra R LT, Cu
DAL FHESRIEAEoTWVWA T L AR LT,

T, K2 72, A=Ay, BEUSNCHEZICHNT-MKEZ EEHTRLTH
%o Si, Cl, SENREOM- =M, THUHIMT, AP, BV NEDO LG
BALZONEIRNL—ATETCWRWA, ZOXIRTREORADDVIEGED Z
CRREDEREZETHILETHY, SBROMRMENLETH D,
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Intensity / Counts per second * 1000

XPS 7t A7 kv BB

+Cu2p

+(1) As machined

+hefore Ar etch

LCu LMM +Lls

+0l1s

Cu3
Bide T

.C12p

14

00 1200

1000 800 500 400 200 i

Binding Energy / eV

1 9 [SC2] XPS: As machined before sputter

240
220:
200]
180
1501
140_‘
120

100]

Intensity / Counts per second * 1000

+LuZs

+CuZp

+(1) As machined

+Ar etch 0.5 min‘

+Cu LMM

14

TORERET= 0

1000 800 "800 400 200

Binding Energy / eV

2 0 [SC2] XPS: As machined after 1nm sputter.
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XPS ezx~X7 kv g

+2p3/2 +2p3/2
+2p3f2
s (uCu nin f+Cu
i etehiy (+Cu20 min , +Cu20 = \,Cu20
+Cu
+Cu0H)2
+Cul

+CU(UH)2 +Cul ,.[:U(UH)Q

i0 938 936 934 932 930 9 938 036 034 932 G50 0: 938 936 954 932 930 9

Surface Inm 2nm
2 1 [SC2] XPS: Cu 2p peak of as-machined surface.

C1s Sp C 1s C 1is

nachined

shined +CH2 etch 0.5 min thined it

ttch 1 min

re Ar etch

+CH2

230 288 286 284 282 290 288 286 284 282 280 288 2086 284 282
Surface Inm 2nm
2 2 [SC2] XPS: Carbon Cls peak of as-machined surface.
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10 1s SleS

PS Sp 0 1s

/+Cu(0H)2
le=0

.) As machined

+ar etch 1 min‘

l,f...Cu(UH)Z +Cu0

\ =0

534 532 530 . 528 534 532 530 528 534 532 530 528
Surface 1nm 2nm
2 3 [SC2] XPS: Oxygen Ols peak of as-machined surface.

i Sp C1 2p i8p 5 2p
(!@
ed @ +(3) Vac
L(Cuc12 4
etch ( ) before Ar etch
+2p3;2

204 202 200 198 1€ © 170 168 186 164 162 160
Surface Surface
2 4[SC2] XPS: Chlorine 2p peak 2 5 [VAC open] XPS: S2p peak

of as-machined surface.
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#2 : XPS uHEMECHT
R ] Ay2  Cu Si cl
nm % % % % % % %
As machined 0 9 2 22 66
1 85 0.3 9
2 94 0.2 2 4
H2 5min 0 20 5 29 45
1 93 0.7 3 3
2 98 04 0.6 1
VAC open 0 29 2 35 5 28
1 72 3 18 1
2 88 1 7 04 4
H2 1hr 0 20 7 31 43
1 81 3 10 6
SC10 0 18 2 23 58
1 86 0.3 9 5
PC10 0 9 6 26 59
1 69 4 14 13
N2+_Kerosene 0 13 5 26 57
1 86 2 7 5
PC2 0 22 1 29 47
1 85 0.7 11 4
HPR 0 47 29 0.7 24
1 75 23 3
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#3

: XPS Cu2p 3/2 v"— 7 454

LSS P VAL Cu2p 3/2
Cu CuO Cu(OH)2 CuS
nm Cu20
0 72 12 16
As machined 1 88 8 5
2 90 6 4
0 81 11 8
H2 5min 1 89 7 4
2 90 6 4
0 67 16 11 6
VAC open 1 81 6 3 9
2 81 8 4 7
H2 1hr 0 81 11 8
1 88 8 4
SC10 0 83 8 9
1 87 9 4
PC10 0 82 8 9
1 86 9 5
N2+ _Kerosene 0 82 8 10
1 88 9 4
PC2 0 79 10 12
1 87 9 5
HPR 0 91 5 4
1 89 7 4
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#4

: XPS Ol1s ©— 7 75#r
A A Ols
nm CuO Cu20 Cu(OH)2 Cc-O
Cc=0
Sio
0 3 25 66 6
As machined 1 28 59 13
2 20 31 50
0 4 31 60 4
H2 5min 1 9 34 47 10
2 6 21 60 13
0 4 39 53 3
VAC open 1 10 81 9
2 31 54 14
H2 1hr 0 4 38 55 4
1 31 51
SC10 0 4 38 53 5
1 24 67 8
PC10 0 2 24 67 6
1 6 31 50 13
N2+_Kerosene 0 3 31 61 6
1 14 40 40 5
PC2 0 3 36 57 5
1 21 68 10
HPR 0 5 77 16 2
1 9 85 6

28




#5

: XPS Cls B— 72 734

LS S Ri%yH Cls
-C- CH2 Cc-0 C=0 0-C=
nm
0 81 9 1 10
As machined 1 25 54 7 7 7
2 8 68 8 8 8
0 90 4 6
H2 5min 1 21 62 8 8
2 19 69 12
0 67 15 4 14
VAC open 1 74 12 4 10
2 8 68 9 7 8
H2 1hr 0 88 6 7
1 20 62 7 3 7
SC10 0 84 8 8
1 18 60 10 4 8
PC10 0 87 6 6
1 28 49 12 5 5
N2+_Kerosene 0 86 7 7
1 34 46 10 3 7
PC2 0 79 9 12
1 12 68 8 3 9
HPR 0 85 7 8
1 9 66 12 3 9
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XPS results on top/1nm/2nm Ar sputtering
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XPS % & O DFELak
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