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16 SRF Surface Preparation Techniques

16.1 History of development of SRF preparation

technigues
16.2 Mechanical grinding
16.3 Buffered Chemical Polishing (BCP)
16.4 Electropolishing (EP)
16.5 Heat treatment
16.6 Post purification
16.7 High Pressure Water Rinsing (HPR)
16.8 Megasonic rinsing
16.9 Cleaning methods post EP
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Various Surface Defects on the SRF Surface

Surface defects holes can also

cause TB

/ ‘, C_l'aeks
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16.1 History of Development of SRF
Preparation Technologies

1965~19770’s

Stanford university

IHEP

Electropolishing
\ 4

Germany
Karlsruhe Nuclear Institute

USA ANL

1975~1980°s

Michigan State University

-
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clean technologies

1980~1985’s

Application of semiconductor

Ultrapure water, Clean room assembl

Cornell university

=

annealing

High purity Nb
Post purification
High temperature vacuum

/Storage Ring

TRISTAN(KEK)
HERA(DESY)

LEP-II(CERN)

Horizontal rotated
continues EP

*90~2000’s

1

High current 2000’s
KEKB
CESER, — » LHC
Super KEKB

High pressure water
rinsing

Centrifugal barrel polishing

120°C
JEA FEL Baking
R i l h. o .
c%gf&?;;?gc e High Gradient
Jiab-FEL TTF(DESY),
E-XFEL  ___ || ¢
LCLS-II

Nitrogen doping

1978 ~ ATLAS(ANAL)
JEA Tundem SC booster SNS — FRIB
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16.2 Mechanical Grinding
1 Buffing (Emery)l

i B=¢
S <
' =t 8
( { 5, n \t l"\ f_ -‘E"I
= 77

Pros of buffing

* Very powerful

8t » High reliability for defect removal

« Surface rightness control

* Possible to remove EBS welding defects

Cons of buffing

 Cost

« Buffing is difficult to apply for EBW
assembled cavities

'KEK TRISTAN

= Applied all half cells
- Mechanical grinding EBW seals

Buffing all TRISTAN
320 half cells

National Science Foundation :
@ Veileeaddyhodes NSCL Spring lecture on Mar 2nd, 2017
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Barrel Polishing (BP)

100 rotations.” min (rpm) Maximum polishing rate at
/f\\ equator EBW seam.
T ﬂ \ iy e SRSy & e MG
: | .ul H. ;_'5‘ i 2 5:'

200 :
‘o swmg barrel pollshlng o e
o barrel polishing P9 c :’ 8
g Pros
" m ll“‘ )
ISR RN ° « Simple
100 TTTyTE e « Low cost
[e
beam pipe +——>| S ¢ beam pipe —>
50 i Cons
5003 TRETES * Slow polishing speed, 3um/day, for
bt - P R—- instance 10 days for Nb cavities
Measured position
©
National Science Foundation .
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Avallability BP as the Pre-treatment of

* Reached Eacc 25MV/m with high reliability!!

Electropolishing
ILC type 1.3GHz single cell cavities

feeen

X K-4; BP 46 pm, EP10 pm, 800°C*5hr, MSR, HPR

] © K-8; BP 49 pm, CP 5pm, EP 10 um, 800°C*5Shr, HPR

A K-9; BP 29 pm, CP 7 pum, EP 30 pm, 800°C*5hr, HPR
1 ® K-12; BP 76 pm, CP 5pm, EP 10 pm, 800°C*5hr, HPR

¥ N-2; BP 103 pm, EP 10 um, 770°C*5hr, MSR, HPR

5 10

“15 20 25 30

Eacc [MV/m]

- Why limited 25MV/m ?

EO
Om

SCL

National Science Foundation
Michigan State University

735

Process:

BP(30 ~ 100 um)
Remove surface
defects by BP

EP or BCP (5 ~30mm)
or BP + EP
ﬂ Remove surface
contamination by BP

Annealing at 800°C
for 5hrs

@ Hydrogen degassing

High pressure
water rinsing
Remove particle

NSCL Spring lecture on Mar 2nd, 2017
Saito - Slide 7




Further R&D of Mechanical Polishing to
Increase the Material Removal Rate

Put BCP acid
iInstead of detergent

Collaboration with -
Nomura Plating

i @ chemical barrel polishing for 3hrs

xxxxxxxxxxxxx

00—

[ " o barrel polishing for 10day$...;..i...1 [ T

. ° : a0 | B I U O S S O 0 O O O O O

pmj

T 150 N DA O O N 0 O O A
3 4 - “geeees 5 2t I TR B R e O T C-O EEEREOE: R SRttt SN
- B 20 - ORNI SOR U (RN SRR B B B aht T SECES SERE SRR PO

¢ ] 30 i N LI

100

20 i

equator
'
s
r'y

iequatofg;. i

<——beam pipe —> beam pipe -] i o e R L o

50

10 F&=beam pipe—>| T e

cell

c e ® e
:Dg' .:D'. CQ(QQ'

0

0 5 10 15 20 25 0 5 10 15 20 25
Measured position Measured position

No improvement in polishing speed. Large polishing speed but low cavity performance.

Eo |
National Science Foundation :
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Cavity Performance by Chemical
Barrel Polishing

Chemical BP+750°C Anneal + EP 50pum

10 11
A PR ER AU R TSP
0 : : H
10 10]
10 : P ; s i i
0 5 10 15 20

E__[MV/m]

Feature: triangle shape grain boundaries ,

Gradient sharply limited below

20MV/m.

- National Science Foundation :
@ Mickigen Stato Uriiverstty NSCL Spring lecture on Ma_r 2nd,|_2017
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Centrifugal Barrel Polishing(CBP)
Innovation of the mechanical grinding for SRF cavities

Cavity rotation You are on the tuning table
* and looking the cavity.

L ]
L ]
L4
L4
&
L4
L4

] ] Two centrifugal forces
 Table is tuning oo el ‘
L : : : : . O
- Cavity is oppositely rotating * Cavity rotation . mo\\O“
with the table tuning. * Table rotation Qe \a\\“ neS

* The gear ratio between the
tuning table and cavity is 1:1

Force loaded on polishing chips 7]
National Science Foundation

§ Mickigen Stato Uriiverstty NSCL Spring lecture onSM.e:r 2rgj|_,d20115
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CBP Material Removal Speed with
Varlous leferent Pollshmg Chips

20 r—ryrrrrrrrrTTTTTTTTTrrrerrrrrry Faster (a factor 5) than

| conventional BP by the
sample test in the fastest
case (GCT chips)

[ m]

Conventional BP takes
7-10 days

CBP shortens only for 4 hrs
Big impact on polishing :

Y Y
(Ceramic) (Plastic chips) SPEEL:
Different kind of polishing\chips

Triangle shaped SIC polishing chips

VB SPT‘ VRT PLD'

National Science Foundation :
@n Michigan State Uriyerstty NSCL Spring lecture on Mar 2nd, 2017
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CBP System at KEK

70

P EISEEERRE:
B - e i e B ¢ 1
,,,,, / E 'I \\' i \" p
F 50 S —— \ V-
H L CIER AT |/ M U0
I e e K e o S (e e e ——hi
e e =
=
T 30 [ pipe T :
g C—f] A\
g 0f 1 T NS B
o Ceell cell Ceell ok
Wb Je—e——e——}

. . . {v B \
Rotation mechanism : cavity ) - -
rotation/Table rotation gear ratio ' " Messared posiion. *

11 NSCL Spring lecture on Mar 2nd, 2017
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CBP’ed Surface on Equator EBW Seam

Rotated ~100 rpm on a oppositely rotating table

CBMM cavity

Rough stone (SIC) : 5 times
Green stone (SIC) : Once
Brown stone (plastic) : Once
White stone (plastic) : Once
Totally ~ 200 pm removed @ equator

. e s < o :
Before CBP (equator EBW seam) After CBP After light etching (10pm)
- National Science Foundation NSCL Spring lecture on Mar 2nd. 2017
@ Michigan State University pring lecture o Saiilo i Sli’de 13




SRF Cavity Performance by CBP

CBP+750°C annealing + EP 50um| Later CBP technology has been transferred
to Jlab and FNAL.

10M — —
......... : . 1.BET11 ¢ J l.BETu4
. KEK 1.3GHz single cell - ;
S SE AR Yoy : + 1E+03
- - - ] I . - é é
1070F—— = S FNAL ILC 9-cell + LEH01 £
ey T cavity , : :
I - - — 1.LE+09 + Quench T 1.E+00 sz
| CBP Is for .. bt : :
-lcavity performance| |- _ 7 LEO
it L PR T i) iiie]iii | F108 | 0Bt 2 ion.copmroouyp oottt 1. | 1 E00
0 5 10 15 20 25 30 35
E__[MV/m] 0 5 10 15 20 25 30 35 40 45
Gradient MV/m)

FNAL has applied CBP to the cavity (ILC 9-cell cavity) limited the gradient up to
18MV/m on December 2010 to see how the performance improved by CBP.
Process: CBP + Annealing + EP(40 um)

The cavity gradient improved up to 35MV/m (ILC goal).

6” hiationdl celencolie NG tion NSCL Spring lecture on Mar 2nd, 2017
[\

Michigan State University Saito - Slide 14
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16.3 Buffered Chemical Pollshmg (BCP)

HF(46%) : HNO,(60%) : H,PO,
1:1:1 (V/V)

No contributes to chemical reaction,
Buffers reaction (reduce the reaction speed)

' National Science Foundation
Michigan State University

NSCL

BCP ed surface (Nb)

= Simple and high polishing speed
Cons
Surface roughness is not as low as as EP

Pros of BCP

Chemical reaction:
6Nb+10HNO, — 3Nb,0.+10NO +5H,0
Nb,O, +10HF— 2NbF; + 5H,0

6Nb+10HNO;+30HF —6NbF+10NO +20H,0

“NISCI <nrina lectiirea on Mar 2nd 2017



CEBAF BCP & Rinsing

! Quick rinsing
~against the runaway

reaction

Shower for
Rinsing the outer
cavity surface |

~ CP acid tank
- Make BCP by immersing

cavity in the BCP acid.
Inner and outer both
surfaces are polished

@‘ e oy s o NSCL Spring lecture on Mar 2nd, 2017
N

Michigan State University . .
NSCL Saito - Slide 16




Feature of BCP

8 T ] L T
7 | —& #16 -] C|-m 112 —y= 1675* "(0031859x)
: O #1190 ] 100? ........ _e -1:1:4 b - l.y= 04812* "(0031628x) ................... 3
6 1 | [XuLe| y =0.23513 * ¢~(0.01943x)
: 1 E LIS ——y=0.092178 * e7(0.023561x)
JE | ; | ; '
1=
4 =
4 D
4
i =
a1 2
1=
>
=
1 E
J
1 &
o |

0 50 100 150 200 250 300 350 5 10 15 20 25 30 35 40 45

Removal Thickness [pm] o
Acid Temp : TC]
Typical surface roughness =2 ~ 5 pm after 100um CP,
Material removal speed ~ 4 pm/min at the room temperature with BCP acid 1:1:2 at 25°C
CP is faster in material removing than EP (0.4pm/min).
Finished surface roughness depends on grains of the Nb surface.
RNA?Ctﬁ”nggggtr‘eca;sg;‘s‘?aﬁon NSCL Spring lecture on Mar 2nd, 2017
: i Saito - Slide 17
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Reaction Energy of BCP (1:1:1)

1000 : : : 0.4 :
_ —@— 1:1:1 d=75244exp(-2695.2/T) ] . v
E — - 1:1:2 d=49426exp(-2828/T) ] 0.35 Qlevi
= — @ -1:1:4 d=12463exp(-2790.9/T) 1
£ 100 | = 03
=3 - -X--1:1:6 d=118.31exp(-1708/T) ] % .
S —+ -1:1:8 d=173.53exp(-2070.2/T 1>
2 ; o | B 0.25 . -
o 1 E ° .
D 10 ] : 0.2
é h 09 \w /‘
1 -
3 § 0.15 Sl
= 1 .
= 18 0.1
5 |
<
= 0.05
0.1
] 0
0.0031 0.0033 0.0035 0 2 4 6 8 10
UT X: Concetration of phosporic acid [1:1: X]

Ocp

d(T)=d,-exp(- kBT) : E reaction energy of CP Q.p ~ 0.232eV @ 1:1:1

Qcp Is an important information for hydrogen Q-disease.

National Science Foundation :
@n Michigan State Uriyerstty NSCL Spring lecture on Mar 2nd, 2017
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16.4 Electropolishing (EP)

10
Acid: =5
H,SO, (>93%): HF(46%)=10:1 V/V s
Chemical reaction:
2Nb + 10HF +2H,0— 2H,NbOF; + SH, T 0

Sulfuric acid has no contribution to the chemical reaction,
Only to increase viscosity in the EP acid.

’ National Science Foundation
N n Michigan State University

NSCL

- \%Liquid layer w

Current

3'—

. \,W« . e Z
= "Metal 2
PrlnC|pIe of Ievellng of EP

| |
T=30C i
V=20V -

BB SE NS TS AR L

| VIR T (ORI DR VO (i)

—
—
—

0 1 2

feeding time (minute)
Aar 2nd, 2017
Example of EP current - side 10



EP Finished Surface Roughness

T ! !
- —®— 46 Roughness (Rtm)
o 7@ #13 Roughness (Rtm) —
=% #22 Roughness (Rtm)

Roughness(Rtm) |ym]
7

3 \

2 —‘Q\ @

1 X\O‘OU \.\o\o :
! X-'X-~>(-&N—:Ox;?*ﬂnz_i::?:;:;:_:*z-..-..—..-.:@.—..—..—..—..-..—..-..—..-__—__-__—_:.::..-..—.:..—.:..-.:.:_

0(;I - I50I . ,1(;0' - '15E0' - ,200' ” '250' - I300I - '350

Removal Thickness [um]

1) EP finishing surface depends on the initial surface roughness

2) Finishing surface become smoother exponentially with increased
removed thickness

3) EP has no preferred grain etching.

4) Finished surface is very smooth

5) Control of surface finishing is easy

(5@‘ hatliondl Sebitc o ncetion NSCL Spring lecture on Mar 2nd, 2017
N
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;Emm“ “;
10 - T0ang,, +

3 cell structure

aa
[=1+]
Wan o,

. Horizontal test of

R=cell
C=-cell T
L-cell

, —cathode
bag

Issue in the early EP method

10®

-¥-1
vV

ertical test of
3 cell structure

0
Fig.8

3 4 6 7
Eacc [ MV/m ]

Qo-Eacc curves of a three-cell

cavity electropolished using the
vertical EP method. R,C,L-cell
are single cell cavities before
completing the three cell

cavity.

Low Q due to hydrogen disease
Hazardous working environment

National Science Foundation
Michigan State University

NSCL Spring lecture on Mar 2nd, 2017
Saito - Slide 21



Development of Horizontally Rotated
Continuous EP
Continuously slowly rotated

air

g‘/air fjﬁ:r nm rotarﬁsleeve == air, H2,HF
olution_.."!:;-:‘ : N ' et

level S5£: %QFMW - T -
= . = (teflon cloth) ||

overflow port

3\

D e \~—solution
luminun = 1 I oLt
zathode . | e

carbon

EP acid is filled just above half level and recirculated through the overflow
ports. EP acid is recirculated in the closed system

Cavity is continuously slowly rotated during EP as to give an agitation on EP
surface

EP voltage is applied continuously (Continuous EP)
Hydrogen gas is exhausted through beam pipe
Ol e L T B 1 20 A



Cathode Bag Necessary

Hydrogen bubble trace on Nb surface

Hydrogen bubles

Rotated slowly

National Science Foundation ;
Michioan Stets Urlversity NSCL Spring lecture on Mgr 2nd., 2017
Saito - Slide 23




Ten Years Later, EP Made the Breakthrough
for 40MV/m

N 7T 77

ffffffffffff RE, LL, IS shape |

of o "|-

Eacc,max [MV/m]

Date [Year]

@’ National Science Foundation

Mickigen Stato Uriiverstty NSCL Spring lecture on Mgr 2nd_, 2017
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Reconsideration of the Current
Oscillation

Ros(%) Current oscillation control Is not
KEK A Oscillation current

40 charge ratio

30+

Important for EP condition

20+

Best Finishing 0- Voltage

No current oscillation |_ |0 10 AL L v/

2.

LLT LA M Il L LTS
6,28 LKL T IS .7/
/////>’// WK "/
oL AT TG
b il
Lkt AN, 7L
////////// LATLLL LS
Ts (C)
Bath temperatuer

‘ National Science Foundati

F naation .
@ Michigan State Uriiverstty NSCL Spring lecture on Mgr 2nd_, 2017
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What is the Critical EP Parameter ?

Voltage or Current density ? This 1s a coupled problem.

B LA B E IR B B B B II‘III‘LIIIIIII[rIIII‘I.IIIL‘III”I!
2.0k . i 20- 15-25°C I 1
T "25 C . Fridnl
_ LB_ 40 O----Brightness | La-c= LOmm
a-Cc = mm :'l +"" Fonihness
Sa/Sc=1 ¢----Roughness - 1 Salsc =
\
1.5+ 60 1.5 —G0
8V<V<16V i _ 30<Is <100 mA/cm? @
= | | da
1 & —~ =
—_ 0---0--0--0--0, = E | Jerco e B
£ ” \O o # ® E j § Ll - ; ll"' __.J‘llntrl'-
20 o / 40 @ a b0 e L/
A S - Pl | |
£ & = £l | /!-l ]
= | / . - EII ! -
3 . & | /
a d @ o 3 2]
0.5- {20 0.5~ =20
i j" // : * iu__l_/
-C'; \+—+H+_+*+/+/+ ] "-’l&-ﬂl- T _’_ T i .. cillation
i Current oscillation -— Lurrent osclovion -
I]Il|||1||||>||| paaaba sy s oy u g le g eptaa el
% 10 20 30 100 200 300 400 500  GOO
Voltage (V) ‘ Current density (ma/em’]
harondlodiencolot netion NSCL Spring lecture on Mar 2nd, 2017

Michigan State University

Saito - Slide 26



Separation of

| and V Effects

T 1T 1T r T T T [ 1T 5rrrrrrrrJrrrrt 1
Roughness - A(14V), @(22V) The surface ratio between anode and
06| Brightness - A(14V), O(22V) 160 cathode (Sr) Impacts on the I-V
. characters of EP, for instance even
Bath temp. 25°C
05 L | 50 | kept the same voltage the EP current
s ﬁ-“%:“-ér--—_—::_-.-_«—.-:- density reduces if Sr made smaller.
€ 04 Lo (320) {40 @
3 130) Current density Q
~ 03} 110) 130 5:{ Even 22V, smooth surface can be obtained.
¢ \|( (.7.5) (30) /g/ if I, in 30 <1, <100mA/cm>.
E 02 L 4 / 20 2
U‘ 4
3 (37) (51 >
2 o (60)(41) ) oo
" [65) i
o 1 | 0 Current density Is the
0 10 20 crucial condition.
Ratio of anode area to cathode area 2
B 30 < Is <100 mA/cm
(Sr=Sa/Sc)

R NSCL Spring lecture on Mar 2nd, 2017
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Temperature Effect on EP Finishing

T ] } 1 5 l T
O---Brigntness ]
" ; d EP acid temperature
---Roughness
25<T<350C
06} 60 BES
_ produces good finishing.
e o
= [= 5 4
E "O'-——-O-__._O____O____O____O__- t;:
@ 04} 140 s
i (7]
=) § i
=
2 - \i { s -~
™
0.2} \L_,,} 1 20
0 | ] ] 1 ]
20 30 40
Bath Temperature ('C)
@ ?A?;ﬁ;z'nsgt':t”ecar:‘\)/te’:s?;“o” NSCL Spring lecture on Mar 2nd, 2017

NSCL Saito - Slide 28



Electrolishing Characteristics with Nb

3
10 g1 1 ] Typical roughness |Photograph
F T=25°C g ; | ::
L Ba/be=1 d Etching s -
[ d=40mm 1 | 1]25%Cav }

N/“W”\W

Micro polishing

Lol

|
|
|
|
|
|
|
|
)
— |
- Voltage -current !
| 11 | 25°c.10v
|
|

[ density curve je
" /
— . I<7 4>|

density(mA/cm?2)
8’\3

s e e ittt T i3 1

.
! i Current |
e I H :
o : EOSCIllatlon: Macro polishing
e | _
= 5 | | : : | 25°c, 24v
Lj) B | I I -
L 1 1 3 1 MW ' P
E | | : . o
"Etching | Micro | Macro  1Oxygen | e
- :polishing:polishing igenera- - Oxygen generation(§s
i : | ten 25°C, 26 V
100 - | 1 1 | 1 1 lI 1 ] 1 1 1 1 | 1 Iv !

0 10 20 30 It WU

Voltage(V)

@‘ e oy s o NSCL Spring lecture on Mar 2nd, 2017
N
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EP Reaction Energy

100 100
e \\o..
NE L Ng h ...\"‘\
>} . ~ *
2 /(.)/ E O . N :
é /(.)" o - ) "8_.\
—— 16 l/min y= 12.841 * e"(0.041004x) —o— 16 l/min . — 1 % AA
n:y= N sy = 1.0921e+07 * e*(-3764.1x)
--0O--31 l/mln_. y =10.289 * e*(0.046357x) -<O--31 Vmin : y = 5.1766e+07 * e"(-4254x)
Sa:Sc=25:1
10 10 L L i i L L i i L L L i i L L L i i i L L i i L
15 20 25 30 35 40 45 0.0031 0.0032 0.00325 0.0033 0.00335 0.0034 0.00345
T [°C] uT
Ocp

Material removal speed in EP

I(T)=1 eXp(—m

EP reaction energy : Qg = 0.325 ~ 0.367 eV

A little larger compared to BCP (0.232eV)

NSCL Spring lecture on Mar 2nd, 2017
Saito - Slide 30
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Horizontally Rotated Continuous
EP (HEP) Developed in KEK (1985)

 HEP system was developed in KEK for TRISTAN 508MHz 5-cell cavity
preparation in 1985 under the collaboration with Nomura Plating Co.
Ltd.

« This method produced excellent cavity performance.
« Later, this method was transferred DESY, Jlab FNAL in 2000 S

508 MHz, 5-cell v

U

Collaboration with Nomura Plating Co. Ltd.

- National Science Foundation :
@ Michigan State University NSCL Spring lecture onSM_'ilr 2rgj|_,d20;17
NSCL aito - Sliae




@

NSCL

EP System Flow for Production

=

Water supply

Rotary Joint

5-cell cavity

Return, line

b a8

Solution exhaust line

Pure Al cafhode

Flow
meter

[ D

Water supply

National Science Foundation
Michigan State University

1} Y
U

4
SR
G

1—1 P
‘*1:;;; ‘ff:{//;;q-—* out
== if:

Heat exchanger
(PFA)

3 e Cooling water
M
Storage Pump
tank . T

1A
L

Pit

NSCL Spring lecture on Mar 2nd, 2017
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EP Control Data Example

Very easy control and very safe

Continuous operation

Closed EP acid circulation
Hazardous gases during EP (HF, H2, Sox all exhausted through the pipe and

neutralized)

| I T ! '

1900 L | TRISTAN 508MHz 5-cell cavity, HEP | EP I ( e LD PO S
current g
— gl b L ul b | 7150 @
—~~ ll‘ i b R il o ‘ <
< 800} i - AU
iy solution temp. in cavit A —
= . ; . D
E | e cmneanr | oagl
3 400k vo!tage —20 Q
c
= —10 @
o
| 1 L ] St

0 60 120 180 240

@’ National Science Foundation

Michigan State University

NSCL

EP time (minute )

NSCL Spring lecture on Mar 2nd, 2017
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After HEP:

@' National Science Foundation
N

NSCL

Extraction of Cathode after HEP

Cavity is turned vertical position
Extracted EP acid from the
cavity

First DI water rising putting
water into the cavity

Extraction of cathode from the
cavity

Move to medium pressure water [
rinsing :
Hot water rinsing with ultrapure
water

Disassembled HEP fixture

Nomura Plating Co. Ltd.
(%) BHESERTS

NSCL Spring lecture on Mar 2nd, 2017
Saito - Slide 34
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Removal Distribution with TRISTAN
508MHz 5-Cell Cavity HEP

Goal: 80 um remove in average
« Uniformly removed in each cell as expected.

* |rises area Is removed doubly than equator section.
« Beam area Is removed three times larger than equator section.

e c
E | 12005
= - 03
Iy - =
$200? .'.. ......: %
N . ; 1003
2100 « e : 4 g ’ ] =Z
5 C :’00. 0o® Bge0 'uo’ Seoce oo.: ‘00 e 0e0® %e0g40 } i
O a -
%
o

5-Cell cavity

@’ National Science Foundation
9

Michigan State Uriyerstty NSCL Spring lecture onSMgr 2nSc:_,d20éL57
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EP Material Removal and Frequency Shift
ILC Ichiro cavity

Material removal is more uniform for

EP removal
Old ICHIRO
60 ‘ i
® EP(20um) § :
EP(40um) 5
50— e e .
3 ; | ! :
'E‘ 40 7- """ """ """" - """""" """"" N
4 a4 d 4 .
= 3 ¢ ‘
— 3 3
‘§ 30 I o . 7
(@) ! : : 1
5 - ‘o ‘ ‘
- 20 o o """" .. """""" o ’ g """""" & 7
° . : o
0 .. :
O | \ |
0 5 10 15
point
Point location
1 2 3 4 5 " N EN
T/

| Je—

‘e

National Science Foundation
Michigan State University
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5
@
=

ILC cavity because of shorter distance
between cathode and anode

The EP removal set is close to the
measured removal averaged.
Frequency shift is ~ -10kHz/mm for
ILC cavity

Cavity df [kHz/um] | N
Old 19 w/ large BP 102 2
Single 10x5 44
Old 19 #0, #1 8+6 6
22,23,24
20 21
\« / / EP set value | Removal meas.
40 um 393 um
20 pm 22+5 um
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EP Aid Quality Control (QC)

HF concentration becomes too low < 55 cc/L ( converted to 40% concentered HF
acid) , EP finishing is rough.
The HF concentration is easily measured by EP voltage.

« Sample 5 L from EP acid reservoir tank.

« Take EP under the same EP electrode configuration.

« |If EP voltage is higher thian 14.4 V to have EP current 50 mA/cm?, it concluds
the acid aged.

~ —_——
T T I __N T 1T 1T 1 1T 1T 1 ] rT 7T T T 1T 1T°1 FI’I’ rl LI L L L ]
N e i C ET N 2 T Bath temp. 25°C 3~ «
rig tness ot ~ / a 2 ] \
0.6 + e ¢ s Roughness 460 pat L ~ ~ I IS - 50 mA/cm -
) ’ C [ ~ o \lvs=51,%a/Sc=1 1
TIL ‘\\ La—c=40mm_,’
E i e o= =-=00—-—oo ] 2_';7 8;’3’ ) S . _Sai2_6c’mﬁ_'
3 —o< e ¢C Cact.HF =166 exp(-V/14.4)
-~ 04 | P 440 = 8
% . 3 2 .
g _ -OI- g o 10 e~ ]
< - ’ N ~ 9 E T ]
= ' ~ -+- < = [concentration_, _*ee ]
S / S° limit O e :
0.2} ! 420 2 ' ¢ e
o ' _
o | -
- ] S | .
U I
0 1 1 1 1 1 1 1 0 < 1 I 1 l
30 40 50 60 70 80 90 100 10 [ S T O T O A | I T T O O O T | | I O I | 1
Active fluoride concentration 0 10 20 30
(cc/1) Voltage (V)
EO ous .
National Science Foundation :
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Rinsing QC

Rinsing QA is done by measuring the electric conductivity of waste water from the
cavity.
« Electric conductivity decreases exponentially with increase rinsing time

« The decay time t provides the necessary rinsing time.
For instance, set rinsing rate 99.9% against chemical residues, the necessary

rinsing time (t,) is 174 mi

Sensor for conductivity monitor

Inlet from pure water system

Over flow

Nl U S— : ~ Over flow

Glass Heater

Ultrasonic agitator

8 units) Hot water (50%T)

PVC lined steel tank

Agitation pump

4
—D—F)—

Draln valve

’ National Science Foundation
N n Michigan State University

NSCL

(Pp%0.125 pS/cm)

to= —T Xloge1 — 0.995), T = 32.8 min

g :|IIIIIIIII|IIIIIIIII|IIIIIIIIlllllll:
W N -
205~ P(1) = 0463 expt/328) ]
:_.;* N Crate=0995> to=174 ]
> | il
O
3
EO] lovv s b wv o by aa ben o bow o bwv v n bywuay
S 0 5 10 15 20 25 30
Overflowing time (minute)
Ct)=Cy-e 7
i
t - t
o J,0 Coe ®at -2
Rinsing rate = — =1-e T
. I
[, Coe vt
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TRISTAN SRF Cavity Performance

TRISTAN SRF Goal
Qo > 1x10° at 5MV/m @ 4.2K
Eacc = 5MV/m

Cavity performance statistics:
32 TRISTAN cavities.

Highest performance in the world at that

TRISTAN production cavities #1 and #2 time
World recode at those date )'(1 a ' "=
o} (1986) with 500MHz cavites o-1p 4.2K ] First cool down
X SXEXSXEXB 25855 i .
0 66&55555&5%,&,(0&(”““ | 15 | [ IRetreatment
1 > ROXXX X : (leak trouble) 7
9 7
0 ] 1 1 1 I | 1 ] 1 > 3 =
O 1 2 3 4 5 6 7 8 9 10 2 | EARework
Eacc (MV/m) % -
————T T T T T U10'Gradientat4.2K:
Qo at 5 MV/m at 4.2K | g  Goal 5 MV/m
9 = O
10 Goal 1x10°__ 3 !
| -
2 } — - T
E i ] _ a5t
U 8 - J E I
IS - : = #
, Z
gL : :
Z:E3 : -1 0 R S S | ] :‘-':': 'S T T
I l T 0O 2 4 6 8 10 12
g 1] 1 bbbl
o= Qo at 5MV/m x10 .
(G NSCL Spring lecture on Mar 2nd, 2017
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Material Choice for the Reliable EP System

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

4 Only the Teflon is the reliable material

(3,3'—dlchlorodiphenylsulfone)

:

for EP acid line.

A . CCls

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

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

Arbitrary unit

KEK EP system is still working after 20 years.

Blank

PE

Retention time(arbit. unit)

Dissolved chemicals into EP acid from Plastic Materials

-@ National Science Foundati -
@ M?Cﬁgzn S‘ft'gpeoanif’/::‘si; on NSCL Spring lecture on Mar 2nd, 2017
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Contamination Problem from Buffing
Residues

SEM Image
54

A B
vy
5 o
5 "‘.(‘.
»

Precipitation of contaminants Al, Si, Fe come from the buffing residues
in the rotary sleeves Sis produced by reductive reaction of H,SO, acid.

TRISTAN met the field emission problem during production.
EP system was cleaned once in the production and EP procedure
was modified to mitigate the contamination issue.

National Science Foundation :
@ Michigan State University NSCL Spring lecture onSMir ZrS_,dZOiZ
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Sulfur Contamination in EP

oyl

k

a4 1 1

Teflon heat exchanger tube in

the EP acid tank (brand new)

Contaminated Teflon heat

exchanger tube
NSCL

Contaminated EP acid tank

Generation of Sulfur by
the reduction reaction
of sulfuric acid

Sulfur precipitates
around buffing residues

EP system

Was disassembled and
clean up during the
TRISTAN production.

NSCL Spring lecture on Mar 2nd, 2017
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Contamination Cure for EP System:Pre-EP

Buffing
Embedding of abrasives

!

Pre-EP
2~3um removed by
off-line EP
using closed EP acid
In the cavity (no circulation)
Remove the contaminants

]

Buffing residues on the cavity surface Dump the EP acid
(Abrasives by Buffing) §
Heavy EP

hiational Sence Fedndztion NSCL Spring lecture on Mar 2nd, 2017
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L ] l L) ' L r
-5 -X- Beiore EP
10" k= - EP(90um) A
— F -&- in solution 4
= E during EP 3
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p— - “
[V L ‘i" -
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F 167 ﬁn- eﬂf.'r ldP‘gE‘isilnq 141 } l }
J- Ll L] v ] -
= E :
A - R
= - 2
3 b -
- 2 [ ,\‘. J
o [~
- M a
w - - "‘:
iy ) :
| . ~ ol
3 F 7
@ 3 [~
o W
= L - - -
o O
>
M{, MM
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0 400 800 1200
Sample temperature (C°%)
/4 = National Science Foundation
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16.5 Heat Treatment
(Hydrogen Degassmg)

L F]

k:

.mnxxx:u::: x!!xxnux B
- X

f.-‘.‘i.. FHEED EH BT ﬂ'

X % K
LR I T X% 20¢
E SEF 08P 5y Mo W

-ﬁ."“"”'ﬂ( |

T

After annealing}

i
o #3-1 100 pm vertical EP —]
FEI-... + #5-1 afler annealing
| *Nskath 00 goooo +  #2 295um holizontal EP
I x #2 after annaaling
0 2 4 B 8 10
Eacc[MV/m]|

Vacuum annealing at 700~800°C is
very effective for hydrogen degassing.
Nb material is not softened so much .
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R&D Annealing Furnace in KEK Machining
Center

S,
h
&

Titanium box

T1 cover

.

Vacuum furnace at KEK machining center
1300°C max, 1 X 106 Torr

Molybdenum Heater

Stainless or ceramic

Radiation shield

@’ National Science Foundation
N

NSCL
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Large Vacuum Furnace for ILC Cavities
(KEK Machining Center)

Specification : 800°C, ~E-6 Torr,
Working zone 5009 x 3000L

- National Science Foundation :
@ Mickigen Stato Uriiverstty NSCL Spring lecture on M_ar 2nd|_, 2017
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Annealing Temperature and Niobium
Mechanical Properties

TRISTAN

100 l 30 RRR~120 ! )
© Hyv O Tensile
X El ti X 0.2% Yield
onia ion 25 T~ ’ o H
80 ~10 ™ Torr | | — i ~1x10 7 Torr
g 60 5% E =z '
k= P . % 215 —
en e 7 - )
= g :: =
= Pid e = ©n
5 40 > I S R R 3 : o
; g S , s 9 10
= 3 _ 7 e = T ~ — -
-> p / Q\e -~ = S =~ -~
20 % ————— R g 5 T o
, 7 i <+—Recrystalization —» Bl
0 0
600 650 700 750 800 850 900 600 650 700 750 800 850 900

Anneal Temperature [ °C] Anneal Temperature {C]

Re-crystallization Temperature : 680 ~ 780°C
Vacuum : ~ 10 Torr

6" hatliondl Sebitc o ncetion NSCL Spring lecture on Mar 2nd, 2017
[\
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16. 6 Post Purification
(Tltanlum Treatment)

Cavity is annealed surround Titanium sheets around
it in the vacuum at the temperature higher than

Post Purification

Nb
GCavity

10 1.
i '.'."i':i. w :i_' G:E;‘e

S
19fe] 1L

Oxygen
impurity
atoms

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

DESY initially planned to make post

Purification for TTF cavities at 1300°C.

National Science Foundation
N n Michigan State University

NSCL

850°C.

Titanium is evaporated and attached on cavity
surface, which acts getter action and pick up Oxygen
from the niobium bulk.

Diffusion Coefficients

1.354-10* 5
O: 0.20exp(—T) cm” / sec
1.670-104 5
C: 0.043exp(—T) cm” / sec
1.758- 10*
N : 0.0085exp(-————) cm" /sec
T O N C
(°C) mm/hr mm/hr mnv/ hr
900 0.4 0.005 0.0
1000 0.6 0.008 0.0!
1100 0.9 0.13 0.1
1200 1.2 0.19 0.1
1400 2.0 0.38 0.3

NSCL Spring lecture on Mar 2nd, 2017
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RRR Improvement with the Post Purification

100 T 1 T 1

Improved by a factor 3 by 6hr post
r-usoec  purification process
but material softening is a concern.

60

§

20

- ®

500 |

T 300

== P, Kneisel, Cornell/Jlab

100

500 T T T T T

=l T=1300°C

100

Time ( Hours)

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

@’ National Science Foundation
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16.7 High Pressure Water Rinsing (HPR)

TRISTAN rinsing method E ace [Mv/m]

Panicle size Count 11 16.5 29 27 6 492
1 CI ! |- m eve jem 777 pyve e PPV S o ) -

0.30-1.20 pm P S
1,20-2.01 pn 405
2.01-3,00 pum 2720 e . e N
> 3.00 pm 1069 ! : H

Total 10019 .':\:__:_ |

3 TESLAZ000 oo

e (£ dt
San PH‘L‘iLﬂE Ei:l: ':I:IL'I['I‘_ . B i -

' ! w EP, malhanal finse, 10 hrs @ 90-1100

.E.-:‘ 3 o ’ 0.30-1.20 ym 6 @ High Prossurs Ainse | B2 kt_;.-'cr‘ﬂz . 20 min )

- () Add. 4.5 min BCP, High Pressure Rinsing, 930305 '
| : I LI .

s
e 1.20-2.01 pm 52
201300 pm 282 i

= .00 pem ¥ 10
0 10 20 a0 40 50 650 70 g0 g0

E peak [MV/m]

. __., . Totul 1017

HPR 1s a very powerful tool to remove the particle contamination
on niobium cavities.

F National Science Foundation :
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HPR Test Using Silicon Wafers

S
’% k.

Silicon Wafer ,
Vacuum fixing

@@‘ Metignal e siicoll aieaton NSCL Spring lecture on Mar 2nd, 2017
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HPR System

From ultrapure
water system _

'

Pressure [

regulator Filter Q

Nomura Plating Co. Ltd.
(%) BNESEEIS

@)‘ Metignal e siicoll aieaton NSCL Spring lecture on Mar 2nd, 2017
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Eacc,max [MV/m]

10— o T - T v - T
60 W4 High pressuer |

''''' ‘ water rinsing
50 Y

Breakthrough for 40MV/m

Date [Year]
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Before and After Particle Free Airflow Adopted

s )
Clean box(Class 10)/ 7 B re airflow adopted

1 B 4
BOX dOWI & up
by motor

[ Peices/10L]

IS
o
o
o
@
o
I
(5]
<
=]
Y=
o
c
o
k=]
>
o)
‘=
-
2
©
<
[
=]
-
©
[a

0.1 0.15 0.3 0.5

.2
Particle Size [um]

Particle counter __Clean 1000
Our HPR room

* Investigated the particle environment in
our HPR room. Lots of particles were
observed in the cavity.

» Adopted a clean airflow method.

* Then, we got the of particle free result
Inside the cavity.

Even opened the entrance door, no

HPR by opening the entrance door
on airblow HPR [pecies/10L]

01 02 03 05

particles comes into the cavity during HPR. | particlo Size [um] 013
NSCL \_ Wb




HPR Nozzle and Airflow

@ 45 degree
Parameter of HPR Nozzle

Flow velocity 10 L/min
Hole radius of

(D horizontal Nozzle 0.5 mm
Spread angle
of Horizontal (1) 2 degree
Spread angle
of 45deg (2) DeEgEs

Parameter of Airflow line
Inside diameter 2 mm
Outer diameter 3 mm

Flow velocity 0.4 MPa

NSF Site Visit, June 18-19, 2013
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HPR Contamination Trouble

Be careful, HPR pump is sometimes a source of contamination
Replaced to new HPR pump @ Nomura

(plunger ype) HPR final filter was contaminated due to
new plunger, poor rinsing for ethylene-glycol or other reasor

Contaminated filter New filter

The maker shipped the pump filling
Ethylene-glycol.

HPR pump @ KEK:KARCHER HDS8/14C

F National Science Foundation :
@ Michigan State University NSCL Spring lecture onSMilr 2rgj|_,d20;67
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Contamination Incident by HRP Pump

Additional HPR @Nomura

EP(20)+H,0O,+HPR @Nomura _
Contaminated by HPR pump !!

IS#2-total 22nd IS#2 reset 7th meas.
6th meas. after reset (total 23rd)
10" o 2007/2/28 Wed. o —= 2007/3/7 Wed
= X-ray started RSN EREHEHIR
'ifrom 32MV/m
0% ESTale St R S Sl s 10'° 7
MP is very Ilght | s
o -Quench happened only 3 tlmes I|m|ted bV mlted by FE
€] - @25MV/m, - r;rmquench e ::: o Uy
| @32MV/m, ,,,,, S SR S A O I I
‘@‘44‘M‘V/‘m‘““““335;53;3%;3;33 “Eacc692MV/m;:“
° ... ... . Facc=52.3MV/m - o | Qo=6.76e9 @2K
: Qo= 109e10 @2K e .
EP(20)+H202 rlnse+HPR(UPW@Nomura 2/21) ''''' 5 N BREEEEE ‘
. TOC 4ppb Bacterla 0 : 3 3 HPR(UPW@Nomura 3/6) - |
10 D 8TOC5ppbBaCter|a—‘3333:333333333
0 10 20 30 40 50 60 10 e
0 10 20 30 40 50 60
E MV/
ace | mJ Eacc [MV/m]
Before the HPR contamination After the HPR contamination
@ Pheional ciencel ot setion NSCL Spring lecture on Mar 2nd, 2017
@ Michigan State University '
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16.8 Megasonic Rinsing

» Megasonic is the similar to ultrasonic (20-100kHz) but the frequency is 950 KHz.
» Megasonic is more powerful to remove particle contamination.
» Megasonic is an attractive rinsing method if the oscillator is

well developed for SRF cavities.

National Science Foundation :
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Megasonic Rinsing Effect

HPR rinsing Pariclesize  Count
0.30-1.20 pum 673
1.20-2.01 pm 50

. 5 2.01-3.00 um 305
> 3.00 um 90

= :‘1@" Total 1118

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

Me.ga.somc | """ "‘* S coun. The amount of particles
rmsing for T A ey 4 han B e o s 18 1/5less than HPR in
=y 120201 um , case of Megasonic rising
. /] 24 Y © 2.01-3.00 um 43
s Mg Total 224

Fig. 12 Residual particles on a wafer surface after megasonic rinsing; rinsing condition
16 in Table 1.

F National Science Foundation :
@ Mickigen Stato Uriiverstty NSCL Spring lecture on Mgr 2nd_, 2017
NSCL Saito - Slide 59



Developed Megasonic Rinsing Oscillator for
SRF Cavities

The oscillator Is mounted In
the cavity.

' . National Science Foundatio
Mchga Stat Un iversity

NSCL
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10.9 Cleaning Methods Post EP

= EP produces surfer contamination which is caused by decomposition of H,SO,
during EP. Surfer is good field emitter.

= Up to 1986, Anodizing or Alcohol rinsing took place to remove the surfer
contamination (cleaning post EP) .
* Anodizing
- Make oxide (Nb,O;) file 2000A applying voltage up to 100V in the ammonium solution

- Remove the oxide film immersing HF acid
- Very hazardous work and costly

* Alcohol rinsing
- Put Ethanol alcohol in the cavity and rinse
- Need explosive-protection system

» KEK applied H,O, (10%) rinsing instead these method in 1986 (TRISTAN SRF)
» Cheaper and safe

* In the ILC R&D at KEK, high cavity performance was obtained with single cell
cavity even without the cleaning post EP.

= When HREP technology was transferred to DESY, they met the field emission
problem with their 9-cell cavities but the performance still scattered a lot.

» The post EP cleaning was concerned as the biggest issue early 2000’s

@ National Science Foundation NSF Site Visit, June 18-19, 2013
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Degreasing Post EP, Developed at Jlab

Additional HPR @KEK Additional Degreasing + HPR@KEK

(Use Japanese degreaser)

IS#2 reset 8th meas. IS#2 reset 9th meas.
(total 24th) (total 25th)
] H ® Qo[ - o
e . MP 235 ~25MV/m, 20min
' —) Equench
100 | o i 10" X-ray >28MV/m,
oo - less then 08 uSv/h _
S . 5 ?j ? Eacc=42MV/m
i e e Qo=1.83¢10 @2K |
§§””Eacc 367MV/m y |
10° - 9073.6909 @2K - SEEEEAEE 10°
CHPRPWEKEK,38) -Degreasing(L h) +HPR(PW@KEK, 3/17)
108 | 1OC7210-160ppb, Bacteria=5- 3 BN . | TOC=133-140ppb, Bacteria=8~6
10 i i i i | i i i i | i i i i | i i i i
0 10 20 30 40 50 60 0 0 20 %0 0 0
Eacc [MV/m] Eacc [MV/m]
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Various Cleaning Post EP and Multipcating

EP 80um , EP 80+3um
7 P R A M) R S IO | E
o = oy SR - N=6 (FE= 1) 6 N 6 (NO MP 1)
E 5 [ :
5 r
) t 4 ¢
o 3
2
U | || RS S U T 2 S WU
1
1 [ N :::E .|
o F =L = O3 "% 73 18 23 28 33 38 43 48
Eacc [MV/m] Eace [MV/m]
EP 20um EP 20+3um
1=
3
o
3 28 33 Degreasmg or H,0, rlnsmg is 18 23 26 33 38 43 48
E MV/ Eacc [MV/m]
ace [MV/m] effective to suppress MP!
; EP(20um) + Degreasmg ; EP(20um) + H 0
6 6 e
5 5
'E 4 £ 4l
35 3 [
3 3 s
2 2
1 1
0 23 98 33 38 43 0" 518 23 28 33 38 43 45
National ScienceEI?gunglz\a/L\éém] Eaco [MV/m] -
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Homework

«16.1 Homework

In this lecture various SRF surface preparation technologies were introduced.
However, these technologies will become not to be used by improving of the
cavity fabrication technology, for instance post purification is not used
anymore because of high RRR niobium sheet commercial production.

Anyway, the SRF preparation technologies are very complicated. They need
to be replaced with more simple and cost-effective way.

Describe your opinion which kind of preparation technology can be replaced
by new technology. What is your idea?

@’ National Science Foundation
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