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History of Preparation Technologies
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8.1 Mechanical Grinding
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Barrel Polishing(BP)
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CBP(Centrifugal Barrel Polishing)

Rotated ~100rpm on a oppositely rotating table
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Reaction Energy of CP
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8.3 Electropolishing
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EP Finishing
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Cathode Ba
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Reconsideration of the Current Oscillation
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What is the curtail EP parameter?
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Roughness ( um)

Separation of I and V effects

_l_'llllllllllllllllll[llll

Roughness - A(14V), @(22V)
0.6 L Brightness - A(14V), O(22v) 160
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Ratio of anode area to cathode area
(Sr=S5a/Sc)

Even 22V (not good for Sr=1),

when Is < 100mA/cm?2, smooth
surface can be obtained.

Current density is the
crucial condition.

30 < Is < 100 mA/cm?
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Temperature Effect on EP Finishin
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Electrolishing Characteristics with Nb
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EP Reaction Energy

Material removal speed in EP
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EP reaction energy : Qgp = 0.325 ~ 0.367 eV
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EP System Flow
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Current(A)

EP Control
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EP B =: TRISTAN
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Removal Distribution with Horizontal EP
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Uniform removal in each cell as expected.
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Removal measurements:ILC ICHIRO cavity
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EP removal vs. df on ILC ICHIRO cavity

cavity df [kHz/um] N

Old 19 w/ large BP 10£2 2
Single 10£5 44

Old 19 #0, #1 8+6 6
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Roughness ( um)

EP Acid Control
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Rinsing Control Against Chemical Residuals

Sensor for conductivity monitor

/__ Inlet from pure water system
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_ BBEBEBE 1S Km0 x x ST 15 L [Retreatment
XXX ¢ ] (leak trouble)
9 Ly
10 1 1 1 ! I 1 1 1 1 >
0 1 2 3 4 5 6 7 8 95 10 £ 4 Rework
Eacc (MV/m) 3
1] L} 1 1 ' ) L 1 1 I I ] 1 L) 8 10
T i o
- - o -
10 |- _— - 4
2 I — . 5  F
£ i ™ ¥ r
5[ [ _ Q5
© : . =3
: —
g B - - L
E i |
.2-:,’ E o 0 PURN TR SR T B 11 I T T I T
i I T O 2 4 6 8 10 12
e ot bbb b b b ey laldy
° 20 25 30 g 35 Eacc (MV/m)
Qo at 5MV/m x10

B 4Z{48E : Eacc > SMV/m, Qo=2x10° @ SMV/m | Yield =28/32-88% |



M

!

Arbitrary unit

o

(3,3'—dichlorodiphenylsulfone)

aterial Choice for the Reliable EP System

To build a reliable EP,
material chose in the EP acid line is curtail.

Only the Teflon is the reliable material
for EP acid line.

A . CCls

B : Impurity in CCls (2,6—di—f- butylethylphenol)

C . Stabllizer in CCls (tri-t—butylphenol)

PVC
@ KEK EP system is still working for 20 years.

Blank
PE

Retention time(arbit. unit)

Dissolved chemicals into EP acid from Plastic Materials
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Contamination Problem from Buffing

SEM Image

oS
-
v

.
.
.
.

CERMOM L
_ BEY—H

Al Si, FelZ/\DHIEDOIRRHIH 5
SIZWREE D= Tt it THT H

TREERP T, ZRTMEREDField emission|Z& - T

ZLLFIRSNHERENFE,
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~ Sulfur Contamination in EP System

A4
ol it E Y

TI2AVERZF1—T (Fifh) -r7|:u5:/7 EPR')F/N—22%9 (&

)

| 247 i

EP system
ﬁ\ﬁg*ﬁlﬁ L/T: o
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EP System ;5%xt% : Pre-EP

'%ﬂi W, 1';%
IBRAIDIEBDIAHFE
Pre-EP
2~3um
BRI R
HEEPRETS
FE AL D 1 D IA H
(/\LILEREE) % SEP
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Total pressure (Torr)

Hydrogen partial

8.4 Vacuum Annealing

)
v

-*X!xx!xxx:

00.’00...1

P i
i

After annealing

|

L L ¥ g T
—5 X Belore EP
10 EP(OO)UIT\) vl
-&- in solutjion 3
during EP "
h‘*‘t.. )
—5
10 :3’3“_ 1
--- at solution surface .
-o-gff':(B%um) l durlng EP
-7 ﬂ— er pga% n
10 '} . I 1
- - o
- - -l
:é P~ —
< L n
o [ ]
5 : ‘\?ﬁp. p
v o i
(1] ] - el
W
— -l =
O
' i b s 1 1 l I
0 400 800 1200
Sample temperature (C°%)

B sty 00 goooo

Q
L
+
x

#5-1 100 um vertical EP
#5-1 after annealing

#2 295um holizontal EP
#2 after annealing

0 2 4

o |-

6

Eacc[MV/m]

10

700~800°CDKFHRAAMNEE
Nb#t DYV 7 EdHFE Y R RES

s
C
o
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Annealing Furnace in KEK Machining Center

Titanium box

.............
-----

Ti c?ver

KEKIT{Et 52—
B2
1300°C max, 1X10-° Torr

Radiation shield

11-13/May/2011 RAYMEBREZERESRESR/— 491
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Molybdenum Heater

Stainless or ceramic




ILCZEFAREREZIF (KEKEH T fFt23—)

%% :800°C, ~E-6 Torr,
Working zone 500%x 3000L
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100 ;
O Hyv
X Elongation
80 L ~10 " Torr |.
g
= 60
S
N
<
o0
5
= 40
>
=
20 L % ————— _——m o e m = = X
7 i <«—Recrystalization —»
/ ! |
0 i é
600 650 700 750 800 850

Anneal Temperature [ °C]

Tensile (kg/mm’)s

0.2% Yield Strength (kg/mmz)

Annealing Temp. and Mechanical Properties

JE:~10° Torr

Re-crystallization Temperature : 680 ~ 780°C
Bz

11-13/May/2011
K.Saito

30 RRR~120 —— ..
O Tensile
X 0.2% Yield
25 \6\ ° i
20 N \\8\ Q S : —_—
AN |
15 o % N \) ]
AN AN
~ ‘o~
)\ ¥ ~ ~ -
N =~
10 N = .
N - % zé =& -
5 B 2 o ;E i
0
600 650 700 750 800 850 900
Anneal Temperature iC]
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Post Purification (FX4L1H)

Post Purification

Nb
Cavity

.1l e

Ti Layer

-;.-.-_-.nﬂl:.i-.'.ﬁ:_agé._._._-_-_-,-_-_-,-_-. e
lahe 1L

Oxygen
impurity
atoms

Vac = 10M -6 torr T = 1300 - 1400 C

DESY TTF cavity Tl&1400°C
TOTiALE

HEDBEEFSS0°CLLEIZEIFT

RIBHICTFE-Ty5—1ERZFIALT
Nb# DFEEZER LZE S,

Nb#H DYV IMELEIREIZE S,

Diffusion Coefﬁcien}s

1.354 - 10
O : 0.20exp(- T) em 2 / sec
1.670 -10*
C: 0.043exp(- T) em? / sec
4
1.758 - 10
N : 0.0085exp(- T) em 2 / sec

T 0 N C

(°C) mm /hr mm /hr mm / hr

900 0.4 0.005 0.005
1000 0.6 0.008 0.008
1100 0.9 0.13 0.13
1200 1.2 0.19 0.19
1400 2.0 0.38 0.38
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RRR Improvement with Post Purification

100
60

20

500
T 300

100

500

300

100

11-13/May!/
K.Saito

T=1150°C

Improved by a factor 3

T=1250°C

T=1300°C

| | L ! L
0 I e 3 4 5 6

Time (Hours)

Dependence of the RRR-value on reaction
temperature and reaction time for niobium
samples of different purity exposed to
titanium vapor ( @ 1/8" thick, RRR=27;
A1/8" thick, RRR=37; [l 1/16" thick,
RRR=77)
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8.5 High Pressure Water Rinsing

TRISTAN r1ns1ng method

HPR rinsing

e L‘L..,;._'.u. UV T

Parucle size
0.30-120 pm
1.20-2.01 pn
2.01-1.00 um
> 3.00 pm

Total

Parnicle size
0,30-1.20 pm
1.20-2.01 um
2.01-3.00 um
» 3.00 um

Taul

Count
5825
405
2720
1069

10019

Count

52

282

L
It

1017

11 5.5 113

16.6

E acc [MV/m]

22.1 27.6 44.2

49.7

10 e

"“'?'k‘\ e

1=

@ High Pross
QO Add.

B"I'ill'l;

'
"‘-o"‘ °- o—oﬁg

\‘{,—'“T'_“_ ';

“ % EP, melhanol rinse. 10 hrs @ 90-110K

Blnen { A4 kaleme
ure Ainse { 84 kgicm
4.5 min BCP, High Pressure Rinsing, 930305PK1

|'I:~‘j

1 .

Q slope

- Qf " RS P ‘-.‘. »
. 1] . e 2 s \
/‘ T he r_" - TESLA2000
Y = | larget
: | \ 3:“ H
TESLAS00-1arget : \‘ I .
‘ : . /i ;
| o g
=i as® I
. =

, 20 min )

"’ i.>0|uc= 7K) -

10

0 10 20

30

40 50 70 80

E peak [MV/m]

60

90

HPR is a very powerful tool to remove the particle contamination
on niobium cavities.
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HPR Test by Silicon Wafers

Silicon Wafer ,
Vacuum fixing

11-13/May/2011 RAYMEBREZERESRESR/— 497
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HPR System

From ultrapure
water system

Pressure [
regulator Filter Q
% T Rotation
(R BMNEEETTS
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8.6 Megasonic Rinsing
E<HRIRFMENNIL, ZEB DGR FE

v 3:5;;!%;“?
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K.Saito 2011




Megasonic Rinsing Effect

HPRrinsing| . .o\ o o rekss com
FE R R AN EARERREREERRN 030-120 um 673
1.20-2.01 pm 50

2.01-3.00 um 305
> 3.00 um 90

Total 1118

Fig. 11 Residual particles on a wafer surface after HPR; rinsing condition 19 in Table

M e_g a'-SO nic “‘ M ¢ P - J2MN=(XHPR
rnsing N e X S 0.30-1.20 pm 158 D15,
[ | " 1.20-2.01 pum 5
2.01-3.00 pm 43
e ' > 3.00 um 18
icitard - "

Fig. 12 Residual particles on a wafer surface after megasonic rinsing; rinsing condition
16 in Table 1.
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Megasonic rinsing can be an alternative of HPR ?

KEK will start
Investigation of Megasonic.

11-13/May/2011
K.Saito



HPR Contamination trouble and Degreasing

Replaced to new HPR pump @ Nomura
(plunger type)

HPR final filter was contaminated due to
new plunger, poor rinsing for ethylene-glycol or other reason.

Contaminated filter

The maker shipped the pump filling Ol I )

Ethylene-glycol.

HPR pump @ KEK:KARCHER HDS8/14C
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EP(20)+H,0,+HPR @Nomura Additional HPR @Nomura

I
| ;
. Contaminated by HPR pump !!
IS#2-total 22nd : IS#2 reset 7th meas.
- 6th meas. after reset I (total 23rd)
m2007/2/28Wed : > =l 2007/3/7 Wed.
SE B
[
IMP is very light .
o rQuench happened only 3 times [ o SR
G | @5MV/m, il quench - bbb R A A
10° j:: S S 0 T O B ::j::Eacc—52 3MV/m i 10° ‘QO 67669 @2K i 3
- ""Qo 109e10 @2K . I S e S S S E e o SO S S S B SO S St S S GHL S S S S SO S
R I P P P 17 I R R R R R A R 7
EP(20)+H202 rlnse+HPR(UPW@Nomura 2/21) ffffff 1 . - HPR(UPW@Nomura, 3/6)
10° TOC4prBaCte”aoMHH‘MH‘;H ! . TOC=5ppb, Bacteria= ‘w‘“
0 10 20 30 40 50 60 | O T o 0 0 s 6o
Eacc [MV/m] ! Eacc [MV/m]
I
; ; I ] ]
Before the HPR contamination  ; After the HPR contamination
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8.7 Degreasing after EP

Additional HPR @ KEK Additional Degreasing + HPR@KEK
1542 Ef:teaﬁ g’zflhr;\eas. E%IE7K (j:ng I ’? IS#2 reset 9th meas.

2007/3/9 Fri. 0" (total 25th)  9007,3/20 Tue.

N e e e o o e e
i i i —MP 23.5 ~25MV/m, 20min.

1010 L l quench
X-ray >28MV/m,

ray
less then 0.8 uSv/h

o Eacc=42MV/m ]
T ity e < Qo=1.83¢10 @2K
u Eacc 36 7MV/m | ey

10° - Q0=3.6509 @2K 109

- HPR(PW@KEK, 318 —Degreasing(1 h) +HPR(PW@KEK, 3/17)
TOC=210~160ppb, Bacteria=5~ 3 A , | TOC=133-140ppb, Bacteria=8~6
108 Lo o o T 10 Y S S S S
0 10 20 30 40 50 60 0 10 20 30 40 50

E MV/
Eacc [MV/m] ace [ mJ

(Use Japanese degreaser)

Degreasing is very much effective to eliminate contamination !



Count

Count

Count

Multipacting

EP 80um
Y 7 EP 80+3um
6 [ T T T T T T T T T T
[ (80+3) i
) o | W a0 N=6 (No
A 5
3 £ 4
2 S 8 ., n
1 2}
0 TNl ‘ ] 1
3 8 13 18 23 28 33 38 43 48 0 | - ]
Eacc [MV/m] 3 8 13 18 23 28 33 38 43 48
Eacc [MV/m]
EP 20um , EP 20+3um N=6
7 T T ] T T T
6 L 1 6
5 5
4 4
3 3
2 2
1 1
0

N R Al Degreasing or H,0, rinsing is 23 28 33 38
Eacc [MV/m] . Y Eacc [MV/m]
effective to suppress MP!
EP(20um) + H,0,
1 ‘.‘ E‘P(2‘0)+‘HZO‘2 ‘ ‘ :&:::}:::f::::}::f::}:::f::::l:::f:::1:::5

N=4 (No MP=1) -

EP(20um) + Degreasing

,,,,,,, | A

B EP(20)+D(N=3

Count

o - N w £ [S,] (=] ~
o - N w £ (4] » ~
T

18 23 28 3 a8 3 18 23 28 33 38
Eacc [MV/m] Eacc [MV/m]
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Ultrapure Water System in KEK

ROT0%D1 A>. MR FDIRE

N, gas
o \ air vent
|Raw water'-bl—l-b Iil Iil - lt{:;ir(;({))lll)
—
C:+ A B [meg/l] o
~N M E A= == _ 211 .| i
LA A HEEEE[Qlem?2eg ] pre filter .
- -
R:EEIEHT[MQem]
HEDKTI(E -
4= =107 Milli - RO 60 Y
Cut=Coy-=10 eg/I (Pure water) ITOC monitor|—
1
= Samplir int
> (Ciri) " (Bacteria, -
RIMQ -cm] = 1 Pure water)
Cu' A’ +Con - Aow

1

Milli Super - Q system

T 349.8x103x 107 +197.6 x 103 x 107

1
5474 x1072

=18.27[MQ -cm] @ 25 °C

% 2P

A(C] |DI| MK

i

11-13/May/2011 RARYEXRFHREPESR/—H

K.Saito

2011

Class 10 Clean room
Rinsing room
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waler

\

BRI LDFEKDBE

Vacuum

Pump
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250 T T T T T T T T T T T T T T T T T T T T T T T
® 1st Meas.
_ O 2nd Meas.
T 200 [ o 5
2
3
.a |
.§150 N N
S
o
< L
Q — —
% 100 |
et
Porous film =
-
2
5 50 %
< [ ° ®
© O ® Y
0 ... e e o * Lo .
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Degassing Time [ hr |
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TOCIZX 9 AR

1 O = S— T — U FO

1000 ‘

TOC[ppb]

100?55 wij

m

7 ’ -Degassmg of—) B J\

Exchanged water vylth N2 \ p'

] O | | l 1 | -
0:00:00:00 1:03:46:40 2:07:33:20 3:11:20:00 4:15:06:40 5:18:53:20 6:22:40:00 8:02:26:40

Time [day : hr. : min. ]

N (O (O T O R [ O I I

IKDREH A (FITOCZ IS I DICKETIRZNED D,
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licon wafer

Counts of particles (>0.3um)
on a Ssi

Particle Contamination

gL v i §dg
Outside of the clean room
//II/[//LIII

SERES TN

Immersed in a rcagent EP acid

waler rinsed in the clecan room

outside of clean room and ultrapure /
/ Immersed in a reagent

Megasonic (950KHz)

Rinsed with ultrapure water

4 ’2mi shower nmcd

in the clean room

Ultrasonic (28KHz)

Ultrasonic (28KHz)

Immersed in a reagent sulfuric

and water rinsed in the clean

———
HPR with ultrapure water

1 04

- Ultrasonic (28KHz)
103 Rinsed with HPR

= ]

[ Megasonic (950KHz)

2 s ssemsoassmaw,

10 - Megasonic (950KHz)

C

5

Immersed in a reagent

sulfuric acid in the clean
booth then ultrapure water,
rinsed in the clean room

Ultrasonic (100K H?.): acid outside of the clean room
Megasonic (950KHz) room

—

Immersed in an EL-grade sulfuric acid

in the clean booth then ultrapure rinsed
in the clean room

Rinsed with ultrapure waler
in the clean room

Splashed a reagent methanol
over a wafer in the clean booth

Left in the clean booth

11202 acid

HPR after dried

Megasonic (950KH?z)
after dried

Working enviroment leve] -
in this e experiment

N

———
Final rinsed with
ultarapure water

lllllL

ol

-

el

il

L

taaand

. |

10
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8.9 Cleanroom Technology

HEPA filter (class 100) ULPA filter (class 10)
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Cleanliness

BIJIE YD0IS A11AR))

Cavity Yacuum Cavity
evacuation station Evacuation
#1 Area ;?
Class 1000 =
{measured class: o
IS class 5
Cavity Vacuum 5 dasn §) a
evacuation station g
=
#2 =)
=1
[}
=]
Cavity Vacuum
evacuation station
#3
LN N TN TN
Vacuum parts
Stock area pass
box

measured class:
JIS class 7

Air
shower

jPuIqED
JB3A WWO0IUBI])

Class 100 [ Cavity Assembly
Area Area
Sl'gegageg class: Class 10
( measured class:

JIS class 1)

Water
Rinsing Area
Class 10

Air conditioner
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f1m’

In air o

Number of particles

10’

[
(=)
tn

.
=4
=
=

0.1

.......... e S e e ey, . e s

P4C @

Yacuum evacuation area
Class 10 cavity assembly area
Class 100 cleanroom area
Front of the air conditioner

Lol

: JIS class 7 1
. USA class 10000]]

~ JIS class ;i ‘_E
USA class 1000 |4

g . mclass 5
ol USA class 100

JIS class 4 |
USA class 10

JIS class 3
USA class 1

JIS class 2

JIS class 1

i i i 1 1 i L

0.1

EE/—b

0.5 1

Particle Size [ um ]
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8. Summary

E?’?‘E{Eﬁgiﬁld)ﬁﬁ'é’&ﬁﬁﬂ'ét&)l SREGREDEBRE M Z T

REL, REARBOGWVEFREAZRETELICENERTH D,

ZOEHIzI, WETIETRET RERMEET R/ \LILH
ECREL., SoICERBECHELNHEFECENEETHA,

= BROKEIZH+2ERZR OB TNIEESEL,

MILE, V)=V IVRIRTITORENH S,

11-13/May/2011 HAMBRERESEER/— 513
K.Saito 2011



