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Various Performance Limitations in SRF Cavity
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8.1 Multipacting

Multipacting : Resonant electron loading due to secondary electrons
( synchronized electron motion with RF) Seriously Limited by 1PM or 2PM

One point multipacting
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Characteristic: Q-drop at some discrete field levels, X-ray at the levels,
Diagnostics: Temperature mapping & X-ray mapping



Onset Field of One-point MP

Scale law on RF frequency with the maltipacting levels

e-H
Cyclotron frequency : @ =——
y quency : o= ()
) _ — = n=3
27 (AP — nth) = &-H (P —nth) =l n=2 I
c-m
1 27-C-m n

T(1P —nth) = = =N-Tg =
( ) f(lP —nth) e-H(LP —nth) A

|-|(1Pf —nth) _ con;tant . n=1,2,3 -+- [OelHz]
RF

Spherical shape suppresses the one
H (1P —nth,[Oe 0.3 ) S
Experiment : Onset field ( [Oe]) = [Oe/MHZz] | point multipcting.

for [MHZ] n
Example ; _— —

1300MHz, Hp/Eacc =43.8 [Oe/(MV/m)]

1P-1% order - * < Hrr(1P-1%) =0.3 x 1300 = 390 Oe
Eacc(1P-1%) = 390/43.8=8.9 MV/m :

1P-2" order- « *Eacc(1P-2"%) = 4.5 MV/m




~ Two-point MP

Two-point multipacting
T(2P —nth) = 2n-1)T,, M Q

H(2P —nth) _ constant’ h=1,2.3 +++ [Oe/Hz]

for 2n -1
H(2P-nth[Oe]) 0.6
f[MH]  2n-1

Experiment :Onset field

n=1 n=2 n=3

Examples ;

508MHz , Hp/Eacc=40.6 [Oe/(MV/m)]
2P-1%torder Hp(2p-1*) = 0.6 x 508 = 304.8 Oe
Eacc(2P-1%) = 304.8/40.6 = 7.5 MV/m

1300MHz, Hp/Eacc=43.8 [Oe/(MV/m)]
2P-1"order Hp(2p-1*) = 0.6 x 1300 = 780 Oe
Eacc(2P-1%) = 780/43.8 = 17.8 MV/m

2P-2" order Eacc(2P-2") =17.8/3 =5.9 MV/m



X-ray [arbitrary unit]
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Multipacting keeps RF processing memory effec
up to 200K warm up.



T-mapping of Tow-point MP
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Eacc [MV/m]
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Multipactin

IN Ichiro Regular center Cell

No appeared
after RF processing

|

Multipacting Re&onance in Single W
by Morozumi 0000 -
Be careful for RSN
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Need more concern on the multipacting

Multipacting Resonance in Single Cell Cavity
10000 MP simulation in single cell
Experiment ‘
1000 by T.Furuta\
|
TR e More concern!
2 100
O

|

0 10 20 30 40 50

Total times 69

14 (20%)



Multipacting @ enlarged beam pipe

MP @ Enlarged BP simulated at SLAC

MP in end-group of ICHIRO Cavity
with enlarged beampipe (L. Ge)

2500 . | —e—2eV
0.07 - MP in cell Y,
0.065 - # |Initial Positions 8 w004
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— Field Level in Mvim
0 0.05 0.1 0.15 0.2 SciDAC
S =

Z axis (m)

MP @ BP could be overcome by
EP+Degreasing+HPR.




Multipacting in the END-cell

108¢ BP, Straight 108¢ BP, Tapered (Old Ichiro)
ISE#1 (D+HPR @KEK) ISE#2 (D+HPR @KEK)
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80¢ BP, Straight (New Ichiro)

ISE#3 (D+HPR @KEK) End cell cavity with Large BP:

120 $108 mm diameter has multipacting at BP

o | N=4 for both cases: Straight and Tapered BP.
— 0.80
ol When changed to $80mm diameter BP,

020 No multipacting happens at BP.

o s 0 o5 o2 o5 0 s @

Eacc (MV/m)




Multipacting in HOM Cylinder (Simulation)
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Cures against MP

1) Cavity shape —— Spherical or Elliptical shape
(effective for one point multipacting)

2) o6<1:Cleansurface — Surface preparation

High pressure water rinsing
Argon gas or Helium gas discharge cleaning
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8.2 Field Emission

Non-resonant electron loading due to field emitted electrons by tunneling effect

Sp=-7.275 cm

p (cm)
2039 0444 2926 5408 7.890 10.372

0 1200 mK

Y AT o

-4.504 -2.022 0.461 2943 5425 7907 10.389 12.871 15.354

—4.521

Z (cm)
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T-mapping KEK
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Characteristics of T-sensitivity for various material
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Field Emission Mechanism

Metal Vacuum Metal Vacuum
=0 X =0
- >
" Wil = Work
Hlllj:'%rll;uu Funcion
Surface barrier potential V(X)— -e - E - X

Viawa funetion of alastron

Fam (\ /\ / /\‘ armi f\
Enargy ANErgy  fe
U l: ‘\j

Wavalncion of Wwn

lmhg alactrodn

A potential: -eEx is added to the surface barrier potential by applying E-fi
The surface barrier becomes thinner with the added potential.

The number of tunneling electrons is increased exponentially with the
thinner barrier potential and lot of electrons are emitted from the surface




Field Emission Analysis
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Particulate Contamination produces field emission

DC Field emission stud

BEFORE

In Cornell

Intentionally

. Fe on Carbon

put particle EJW

225 um gap

Star burst

Carbon

f

Particulate contaminations cause field emission.




Field Enhancement Factor

Field enhancement factor B: 50 ~1000 Why fleld enchantment is so

Projection model : large?

« Tip-on-tip model 1s
one explanation

E \V j ‘ ‘ ‘ ‘ * Smooth particles don’t
‘ I emit.
c
=\
c
p==



Crater shows Foreign Elements

' SEM Image | : :
. of Crater | Nothlng with EDX

Auger
Image of

But - With Auger Analysis

aimost all eraters show foreign material
: R Auger Images
ool of Craters

uuuuuuuuuuu



DC Field Emission Study in U.Geneva
and Wuppertal

high valtoge . scintillator

mass specirometer for
residual gas analyss

e . A
‘ \-, - d— 1O gun
- = ‘-_"..- = L
un:u:-:e holder sample ]

————
—1]

ﬁ" = transport rail 1y
q!?.k I r v

— 1 1y -
LI ™~ cathode * R

il 1L gate valve

manipulator

non-annealéd ¥~ 2 movement and tit 1 cngﬂmme

Emission Current




No
Heating

Wuppertal Result

Heating
800°C, 30 min

Heating
1000°C, 30 min

—

Heating
1200°C, 30 min

Heating
1400°C, 30 min

==

.

=

—

i

0l

High Temp. Annealing

Is very effective to eliminate FE seeds.




Difference in RF and DC

Starburst in a 1.5GHz Nb cavity Starburst on a DC cathode (NDb)

Emitter sites are observed on grain boundary in RF case,
that might suggest magnetic field enhancement there: Joule heating

Promotes evaporating gas and results in star burst.

mi



Cornell Model for FE

A 'Concluding Picture
Field Emission -> Voltage --
-»> Breakdown Emitter Processing

Field smisison ¢

e T
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-. x‘l _T 5 L | B =
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Low Pressure Gas Gels chod

IRF Surface

Lightning |mchle Cault ot Gurrenl
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8.3 Thermal Instability

- An Example in A TRISTAN SC CaV|ty -
Freq. = 508.26 MMz Hg‘_
—  Eop = 314{PQ Wm fj=n
i %& [T
4[5m Eep 50720 ML .. Ty -
R R
"4k
3/5m|  s0s.43 s 1o
45.2VPQ i
/\ /J\ :
¥4 |
502.95 MHz 2]
2/5m EDP43.2JFE <
o :
500.98 MHz S
1/5M :
'o 10 e

EIl|!l NV m)



Surface Defect

R=55ﬂ
EBW@Equator .
- - i R18 R17 R16 R15
> 4 e — e a
Equator 4R=10a =35mm =
EBWseam':' .
RIS\ R21
+ ' +
AR =150 1st grinding
area
\ R31
450 <+
Rt \R29 RS i Ro2

Picture of the defect area T-mapping on the defect



Mechanism of Thermal Instability

(a) Y Y

Temperature

Temperature

———————————————— Tc

Defect Defect




RRR Dependence of Quench Field

. |[4x(Tc-Th) y (Tc- Th)
Quench Field : Ha=y " "R-7p) * RRR - Rs(300K)

Lo T II T UL LY | T T T T T T l i T
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I 5 7

I il 7

: i

: M k0 ]
Hg~15000ke, : e .
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RRR=135, rp=3um : LMz N

| o .

[ . -

| o

I ™

|

|

. | al T | o i TR i
1 10 100

g luml

Defect radius

Need to remove 1um size defects. Use high purity niobium with RRR>200.




Field Improvement by High RRR Material

Saclay
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Effect of Various Scattering Mechanisms on
Electric Resistivity

High purity +
Homd heneitv ﬁ

Nb High RRR material Vacuum annealing
- L NANOOHM-cm PER AT. PPM.
6 lohonon IMPURITIES
H g " VACANCIES OR INTERSTITIALS
i 1 > / (e.g. RADIATION DAMAGE)
°[ Pi(T) ?0 ,7
9 Uk /
N 7
IR 77 %
72777 7
187777 7 =
7 ///// o ? 10* DISLOCATIONS/&m
I j; H ///%? Zr 77 ? / |0 GRAIN B’DRIES/tm
?’ //-//Tu L 7/¢ /f 7/
o N VAL V7

E-Resistivity = > (mechanism),
= e-phonon scat. + e-Imprity scat. + e-inhomogenety scat.+---



Cure : Post Purifying of Niobium

Post Purification

-

Ti Layer

Vac = 10~ -6 torr

Nb
Cavity

.'.l.i.l.l.l.l.'.::ll_.-i. n :-[:ﬁ.i:; .E

s
1afe] 1L

R,

.

e
a e

Oxygen
impurity
atoms

T = 1300 - 1400 C

After cavity or half-cell is produced

 Heatin vacuum furnace to ~ 1350 C

 Evaporate Ti on cavity surface

o Use titanium as getter to capture
Impurities

o Later etch away the titanium

* Doubles the purity

* (RRR ~600 if originally RRR = 300)



Cure : Inspection of Nb Sheet and Cavity Surface
Defect free material : Quality

I =1 E3
20 90 0 -30 0 a0 ] 90 120 150 180 210 240 270 300 330 360 390 420
T T T T O T T T T T T e T T T T T O O S S O T O T T N O T T O O T T o T O Y T T T IR T M|
-qu gy =]
.30 -
en: .
_: e .-"’# ;I
| an = H e —
B 1
0
sn:_ N
= ﬂ Q [ 256 Digis/Div j ﬂ
a0 = [Spur 141 |
"Jl'l—ll y f’é
|Selection: 6.4 mm= 0.5 mm & -10.7 mm, -46.5 rm | 366 mm, -27.0mm | 2451 mvéd, 1766° | B34 -HGiDigits | 45% v.Im |Ch [1524  |LIN
Global view, rolling marks Real and imaginary part of conductivity at defect, typical Fe

and defect areas can be seen signal



Eddy current scanning system DESY

| s—= -
| s

Nb sheet 8

—




Cavity Inner Surface Inspection System : KEK

CRT monitor
Magnification ~13

Small CCD camera




Cure : High Quality EB-welding

Better EBW

Etching by CP

-

Defocus & Full penetration beam

E hom bR asterbeam

|
| f
/i
[ ] P 4
."-_j—-',.r
e

Inner EBW




8.4 Hydrogen Q-Disease

D,-value strongly depends on cooling down speed

Thermal cycles

after thermal cycles

1E11 |

™

on the 1.5 GHz Cavity

........................
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In 1990, Discovered At those days, all labs in Europe and US

have been used chemical polishing,
because it is simple and no needs
hydrogen degassing annealing.

with chemically polished niobium cavity



Dangerous Temperature

1011 ‘_— T T T [ T T T T | T T T T [ T T I T ]
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Recovery of Hydrogen Q-Disease
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Warm up to 200K,
then the disease disappe
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Mechanism of Hydrogen Q-disease

Mechanism
and Explanation of Symptons

At room temperature H moves freely,
there is some evidence of surface enrichment

When a cavity is cooled the dissolved hydrogen
precipitates as a hydride phase that has high rf loss
Tc of hydride = 2.8 K, Hc = 60 Oersted

This explains shape of Q vs E curves
of Q-disease cavities

Islands
a) Film

L -_'-_"_ NbIZ A4

7

/8



At room temperature the required conc. to form
hydride phases is very high, e.g 4600, 7400 wt ppm

Below 150 K
the required concentration drops to < 10 wt ppm.
C, (at ppm)
104
Hydride
100 L
"""" Solid solution
107 F

| ]

100 200 300 T(K)




Hydrogen Q-disease In electropolished cavity

i
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i
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Hydrogen Q-disease is much serious on electropolished cavity
Hydrogen gas degassing annealing has been routinely used.
In those days, pre-cooling with liquid nitrogen had been|used
and none knew the disease depends on cooling down speed.




8.5 Q-Slope
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Discovered in 1998



Crutial Baking Effect on EP Cavity

e S-3cavity : EP, HPR, No bake
s A s.3cavity : EP, HPR, Bake(12Q)
10" |
- 0000e 4 ¢o
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i ° /
[ )
(]
10° |
o 10 20 30 40

Eacc [MV/m]

When took baking, Q-slope disappears in case of electropolished c
KEK has been used baking but it was for to get better vacuum.
They did not notice the baking effect.



Disappeared Heating Spots by Baking
on EP Cavity
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Small Baking Effect on CP Cavities

1E+11 ——Saclay Cavity C118, F = 1300 MHz, T = 1.7 K|—————
o L _ ] RFimit |
o - — — — J(No Quench)
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CEA Saclay, SEAIGECS Eacc (MV,m)

Baking effect on the Q-slope looks small on chemically polished
polycrystalline cavity.




Partially Disappeared Heating Spots by Baking on CP Cavity

QO vs Epk
"1 After 1st baking I\_,i Before baking  After 2nd baking

Before Bake Epk = 42 MV/m

.....
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After First Bake Epk = 42 MV/m o
Heating spots are partially disappeared
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Oxygen Diffusion

500 , , , , , S
1 ) . . Diffusion time
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Baking could defuse the oxygen contamination on the top into the
and the niobium RF penetration surface could be become clean.

bull



_oss Mechanism

nterface Tunnel Exchange(ITE Model

By J.Halbritter

Nb NbO, Nb,O,, (x,y<1)
— 7
E T P £ a EC
. S S L I] H_
._*]—F—\— ; o I | l EF

/Y
| /-.,f ~ inone RF cycle

Fig. 1: Nb surface with crack corrosion by oxidation by NbyOs Fig. 3: Band structure at Nb-NbO,-Nb,Osy interfaces with Ec-
volume expansion { factor 3 ). Nb;O,-NbO, weak links/'segregates Ep = &= 0.1-1eV as barrier heights for turmeling along crys-
(v. x < 1) extend up to depths between 0.01 — 1/ 1-10 um for tallographic shear planes (~ 0.1 eV) or of Nb,Osy crystallites (~
eood — bad Wb quality and weak - strong oxidation [8]. I eV). Added is the superconducting energy gap A*(z)} < Aq
Embedded in the adsorbate layer of H,0/C;HyOH (= 2 nm)  being reduced in NbOy clusters or interfaces and being normal
being chemisorbed by hydrogen bonds to NbOOH),. conducting A* (z. = 0.5 nm) in localized states of Nb,Osy. By
adsorbate covered dust is found. This dust yields enhanced their volume expansion those clusters locally enhance T# and A*
field emission { EFE [7]) summarized in Sect. 3.1. = A, in adjacent Nb by the uniaxal strain yielding a smeared
BCS DOS.



8.6 Magnetic Field Enhancement on Sharp Edges

Normal Conducting region

Magnetic field enhancement ()

Magnetic Field Lines

| | Il
4

2

Distance from corner (um)

| 1 1 1 1 1 1 |
40 60 80
Slope angle (degrees)

Standar] BCP Chemistry on niobium :

Why the gradient can not be improved after bakir

19

W

/Bm'HRF 2H; = \/E.HC(O)'(l_tLl)

x(0)

Cavity quality ((y)
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Accelerating electric field (E,..) [MV/m]
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Figure 19: Comparison of the measured cavity quality (Test
C) with that calculated by (25) using H.;, = 1875 Oe.



Monograph effect on Magnetic field
By C.Antone

CBP is right way to eliminate

the monograph effect !!

J.Knobloch

Normal Conducting region

double contrast H
7 o
— A Y s ' \
7 7 s 7 ~—— H ™ = N, / P -
,,,,,,, —- —— A |
W m [/ ‘ l L

Flux trapping happens on the
steps perpendicular to the magnetic flux !

1d enhancement (i)




9. Surface Preparation Technigues

9.1 Mechanical Grinding

9.2 Buffered Chemical Polishing (BCP)
9.3 Electropolishing

9.4 Annealing

9.5 High Pressure Rinsing

9.6 Megasonic Rinsing

9.7 Degreasing

9.8 Cleanroom



History of Preparation Technologies

High current 2000~

Horizontal EP

Stanford University
IHEP

BCP 1980~1985
= Cornell Uni

Xpplication od semiconductor technolog
Ultrapure water, Cleanroom

Storage Ring ‘90~200°
TRISTAN(KEK)

HERA(DESY) X &,
LEP-II(CERN é//b

1975~1980Q Barrel polishing
3 Nb cqfted 1995~ CBP
Germany cavih JAERI FEL
Karlsruhe High purity Nb Recircular machine
CEBAF(Jlab)

Post annealing
igh temperature annealing

oA ARE Jlab-FEL

High Gradient
TTF(DESY

120°C
Baking for BCP cavi

1978~

ATLAS(ANAL)
JAERI Tandem boostor

SNS



Various Surface Defects

Cracks

chanical grinding is a powerful tool to remove large surface defec

ts.



9.1 Mechanical Grinding

MG is very powerful to remove surface defects but remains
: Contamination on the ground surface.
Buffin

It is usually used as pre-treatment before chemical preparation.

* Very powerful
 High reliable

Well controlled the surface
roughness

Used in the TRISTAN @
KEK

- All half-cup were buffed.

- Other mechanical grinding for
welding seams.

Problem with buffing

&% 1) High cost

Buffing TRISTAN 320 half cups.

2) Impossible to completed

structure




Contamination by mechanical grinding

Need to make a chemical
preparation in order to
remove these contamination.

Remained grains of grinding material
(Barrel polishing)



Tumbling or Barrel Polishing(BP)

100rpm

YA

Easy for EBW seam at equator

5rinding Stone

1”4

200 IR A L R — T l..1
- @ swing barrel polishing ‘ i l g
- O barrel polishing | 90

e 150 Ts,

L
®
equator

100 4

<——beam pipe +—>|
50

cell

L3eeestd IT?T?ZTf

Measured position

e Simple

e Possible to a competed
structure

e L OW cost

Problem in BP
gh?nv“g?tenal removal speed

Takes “ONE week” to remove
30um.

Dnonneac hvdroocoen tn thea Nlh matarial



Confirmation of the BP effectiveness
as pre-treatment prior to EP

Cavity was annealed after BP.
Why so often limited at 25MV/m?

O-H
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@
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Da
bl
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<t

>4

‘

i 77 @ H %
QlO o 00000558 00 kg
S,

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

K-8; BP 49 um, CP 5pum, EP 10 um, 800°C*5hr, HPR
K-9; BP 29 um, CP 7 pum, EP 30 um, 800°C*5hr, HPR
K-12; BP 76 um, CP 5um, EP 10pum, 800°C*5hr, HPR
N-2; BP 103 um, EP 10 pm, 770°C*5hr, MSR, HPR

4 ¢ D O X

9 ; . ; ; . ;
10° 5 10 15 20 25 30 35
Eacc [MV/m]

Confirmed 25MV/m by combination BP+Annealing + EP,

25MV/m was enough high gradient in those days (1995).




Some trials to improve the material removal speed of BP

-.3 - . : e
; e~ — - -~
200 Nomura Platlng crr T T T
"@ <wina harrel nolishing. ] 7@ chemical barrel polishing for 3hrs
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Measured position Measured position
No improvement on the removal speed Large removal speed
but could not good cavity performance




_Innovation Centrifugal BP (CBP)
“See the point

. on the rotating table.

o a—

- Rotate cavity on a “rotating
table”

 Rotation directions are

opposite each other AT TAIWIND BT

Two centrifugal forces are added on the grinding



Developed CBP Machine
==l KEK

Three cell CBP (1300MHz)
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Rotation mechanism : Vv
0

%%‘AHX rr]otating/table 0 10 m m -

Measured position



CBP Finishing Surface

Large Grain cavity case

Rough stone (rough) : 5 times (4 hour each)

Green stone (medium) : Once

Brown stone (medium): Once Very fast removal speed!
White stone (for final fine finish) : Once

Totally ~ 200 um removed @ equator

Material removal speed: ““0Ne WeeK’’(BP) ===» 4hr (CBP)

Before CBP (equator EBW seam) After CBP After light CP(10pm)



9.2 Buffered Chemical Pollshmg (BCP)

5 Harmfulga Soaikiy

- NO

- Simple and A large material removal speed
(10um/min @ R.T.)

Problem of BCP: Surface is not so smooth.

HF(46%) : HNO4(60%) : H;PO, Chemical reaction:
1:1:1 (VIV) 6Nb+10HNO,~ 3Nb,0.+10NQ +5H,0
Nb,O, +10HF— 2NbF + 5H,0

No reaction with Nb, Mild the reaction,

increase viscosity of the acid. 6Nb+10HNO,+30HF— 6NbF+1OND +20H




CEBAF CP & Rinsing

§ Quick rinsing
‘against the runaway

reaction

Shower for . |
Rinsing the outer "5SS & | -
cavity surface | BVl | '

CP acid tank

Cavity is immersec
in the BCP acid.

.....




Rtm [um]

Characteristics of BCP

: —e— #15
ST T T —& #16
: 0 #19

Removal Thicknessin]

1:1:1

0 50 100 _ 150 _ 200 _ 250 _ 300

Acid Temp : 1]
Typical surface roughness =2 ~ 5 um after 100um CP,
Material removal speed ~ 10um/min at the room temperature with CP acid

CP is faster in material removal speed than

EP.
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The finished surface roughness strongly depends on the grain size of the Nb m:




9.3 Electropolishing

Acid:
H,SO, (>93%): HF(46%)=10:1 V/V

Chemical reaction:

2Nb + 10HF +2H,0—~ 2H,NbOF, + 5H,

H,SO, does not react with Nb,
which make viscosity in the acid.

—
=

T T 1T 1T [ 7 7 71

en

current (A)

Current
Tiquid Ia'}fl:rw-—— =
A
e e e
==~ Metal ==

v=20V

| I N S I I T I

feeding time (minute)



EP Finished Surface

_ —0—#6 Roughness (Rtm) ]
7L --o- #13 Roughness (Rtm)
;\ ~%- #22 Roughness (Rtm) ]

Roughness(Rtm)rh]
/

3f \
2'\\

oy .
SO}
1 o \.\Oho
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Removal Thicknespn]

1) The finishing surface roughness depends on that of the initial surface.
2) The finishing roughness becomes smooth exotically with the material remove
3) Grain boundary is not sharp edge as that of BCP case.
4) Easy control of surface roughness.




KEK Early EP (Vertical EP)

3 cell structure

10° * ! L

Dﬂ"n
.|_.
i m"'ﬁ"#“un
. Horizontal test of

Single cgll structure

R-cell
C-cell 7
L-cell 1

€rtical test of
3 cell structure

Eacc

Fig.8
cavity electropo

are single cell

cavity.

vertical EP method.

completing the

4
[ MV/m ]

Qo-Eacec curves of a three—-cell

lished using the
R,C,L-cell
cavities before
three cell



Innovation of a Horizontal EP

air

,_jl air fi lter n m rotary e — air, Hz HF

olution= roverflow port
level v | o P

\ -—solution

/

luminun
zathode .

ciky
77777 ///////////////// EETEL ST A

Close the EP acid in the EP system to improve the working environ
Easy H, gas evacuation even for multi-cell cavity.

Uniform material removal in each cell for multi-cell cavity.
Simple control.




Cathode Ba

Hydrogen babble trace on Nb surface

If no cathode bag

A 1

—

Hydroge babbles

Rotate slowly



Electrolishing Characteristics with Nb

S

density(mA/cm?2)
o
N

o—t

Current

10

I | 1 1 I 1 1
T=25°C
SalSc=1
d=40mm

- Voltage -current

C density curve je
K /;////;/’
- ®

LI BRI Y|

I
" Etching |

11
Micro

1 1 L l 1 1

i<
1 Current
:osduaﬁon
|

|
|
I
I
\ Macro

polishingipolishing

|
1 T T

v

IV

|
'Oxygen
genera-
I~ tion

N T I 1 L 1 a1l L Lo i it 4

Etching
5C Y

I

Micro polishing

25°C,10V

W

11

Macro polishing

25°C, 24V

MMM\’NMM 5

0 10

20

Voltage(V)

30

IV

Oxygen generation|[Si s
25°C, 26V

Il NIV




Reconsideration of the Current Oscillation

KEK

(
,scﬂmuatm e Urrent oscillation control is not

ap,  charge ratio right EP condition
30
20+
10+
0 0

Best Finishingl Voltage
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Successfully developed Horizontal EP system




EP System Flow

Rotary Joint

- 2 celL cavity Solution exhaust line
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EP Control
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Cathode extraction after EP: TRISTAN

Nomura Plating




Material Choice for the Reliable EP System

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

| Only the Teflon is the reliable materia
for EP acid line.

(3,3'—dichlorodiphenylsulfone)

!

A . CCls
B . Impurity in CCls (2.6—di—=t- butylethylphenol)
C  Stabllizer in CCls (tri-t—butylphenol)

Arbitrary unit

KEK EP system is still working for 20 years.

PE

Retention time(arbit. unit)

iIssolved chemicals into EP acid from Plastic Materia



Contamination Problem from Buffing

Al, Si, Fe are originated from buffing (TRISTAN)

I S is due to decomposition of H,SO, during EP proc

In the early stage of the TRISTAN mass production, these contami
brought heavy field emission on cavity performance.
The EP system was overhauled once. See next slide.



Sulfur Contamination in EP System

Reduced H,SO,

4

S precipitated
on the
contaminants

Teflon heat exchanger tube Teflon lining EP acid tank (brand-
(Brand-new) new)

EP system
was cleaned up

Rty

The contaminated heat The contaminated EP acid tank



Total pressure (Torr)

Hydrogen partial

9.4 Annealing
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Annealing Furnace in KEK Machining Center

) [

KEK Machining Center

Molybdenum Heater Support
Stainless or ceramic

1300°C max, 1X10°6 Tor
Radiation shield




Large Vacuum furnace for ILC cavity
(KEK Machining Center)

Specification : 800°C, ~E-6 Torr,
Working zone 500¢x 3000L



Post Purification (Titanization)

Using Titanium getter effect, Oxygen

Post Purification in Nb material can be reduced.
Nb RRR cab be increased by this process.
o Cavity Problem: Softening of the material
e . (b}
L pe 3 O
S B x| B S . : .
4| i Diffusion Coefficients
g ]| e 1.354 - 10
8 d O : 0.20exp(- T) cm ® / sec
N i 1670 -10%.
= =i : . —
% 3 o - C : 0.043exp( = ) cm“ / sec
- 2 1.758 - 10*
= E N : 0.0085exp(- %) cm 2 / sec
: T 0 N C
Oxygen [ (°C) mm /hr mm /hr mm / hr
l";'PU"'W B 900 0.4 0.005  0.005
atems 1000 0.6 0.008  0.008
Vac = 107 -6 torr T = 1300 - 1400 C 1100 0.9 013 013
1200 1.2 0.19 0.19
1400°C annealing with Ti 1400 2.0 0.38 038

@ DESY TTF cavity




RRR Improvement by Post Purification

100
60

20

500
= 300

100

500
300

100

P.Kneisel

Improved by a factor

3

| | i ]
L N |T=ns0°c
—_— 4‘- =
| | | | |
| ] | | |
B T=1250°C
| 1 |
| i I | i
B 11=1300°C
| | | | 1
0 | 2 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;
A1l/8" thick, RRrR=37; [ 1/16" thick,
RRR=77)



9.5 High Pressure Water Rinsing (HPR)

E acc [MV/m]
TRISTAN rinsing method 1 55 111 166 221 276 332 387 442 497

Parigle size Count

£0.30-0.20 pm 5823

[,20-2.01 pm 405

201-0,04 pm 2720 —

o 3,00 e 1069 3 TESLA2000
Total 10019 largel

10

H P R rl n Sl n C - [ ] |-||g| Pross I:JI'I. Hinse § K I} b l:r”1? _.'-’I'.'I_ min ) . froe
= - O Add. 4.5 min BOP, High Pressure Rinsing, S3030GPKI .
I S S o | S S S
o I Particle size Count 8 i | .
K -I EI 1l 1 L L L
SN . 030-1pm 6 0 {0 20 30 40 50 60 70 80 90
. R P M) z
S e 1.20-2.01 um 5 E peak [MV/m]
L 2.01-3.00 pm 242
" .'J.' = 300 e 37
o, - S Tatal 1017

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




HPR System at KEK/Nomura Plating

From ultrapure
water system

'

Pressure [
regulator Filter ;
o
C o Rotation
(! ifi
LA !‘i

Nomura Plating




9.6 Megasonic Rinsing

An atractve rinsing method if compact oscillator can be prod

LICT.




Megasonic Rinsing Effect

Particle size
0.30-1.20 um
1.20-2.01 pm
2.01-3.00 pm
> 3.00 pum

Total

Count
673
50
305
90

1118

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

Mega-sonic e . ”:.‘
rinsing el N

¥ N
- Lo <Ll

Particle size
0.30-1.20 um
1.20-2.01 um
2.01-3.00 ym
> 3.00 um

Total

e, | AMount of particle

e Contamination is
. reduced to 1/5 of HP
43
18 /

224

Fig. 12 Residual particles on a wafer surface after megasonic rinsing; rinsing condition

16 in Table 1.



Megasonic rinsing can be an alternative of HPR ?

KEK will start
Investigation of Megasonic.




9.7 Degreasing after EP

Developed @ JLAB, J.Mammosser
Additional HPR @KEK Additional Degreasing + HPR@KEK

B #2 reset 8th m eas.
(total24th) S#2 reset 9th meas.

2007/3/9 Fri. Lot (tOTa125th) 2007/3/20 T ue.

.Qo""""""
|||| MP235~25MV/m 20m 1.

ot LT
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10" X 28M V /m ,

o : : -ray >
X- Iay >20M V/m lss then 0.8 uSv/h

IRARE o Baoda V/m ]
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T ! ':"]InIte‘ d‘ by FE ’

B Eacc= 367MV/m B
10° - Q0=3.65e9 @2K 10°
HpR(pw@KEK 3,8) R s - Degreasing(l h) +HPR(PW@KEK, 3/17)
TOC=210-160ppb, Bacteria=5~3 TOC=133-140ppb, Bacteria=8-6
108 Lo T IOPPRD, BERIETaTyTS EEEEEEEEE 08 b
0 10 20 30 40 50 60 0 10 20 30 40 50

Eacc MV /m]

Eacc MV/m] (Use Japanese degreaser)

Degreasing is very much effective to eliminate contamination !
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9.8 Cleanroom Technology




Cleanliness

X | ¥
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10. Performance Evaluation
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SRF Cavitv Measurement Svstem

Input Coupler Driving Motor

vl
| I
- |
Top Flange
i >
He Gas Pumping Port -
f— | i ;
f 3 j
- = i
& H 2 .
751 - !
= :
| \
— 301 —¥
= i
]
. .| A
T n -le
I =
1 = =
| 2 2
= | ol 5 !
= =) 3] b =
g | 2| g b £
E | H z
™ B 3 L- 2 a
= a| § © o
= 2| = ~ P
4 | 2 E =
e E] al = 2
2 @ 5| > o 2
‘“: g | @ é 3
I 3| - 2 &
= = £ & = ¢
: i = g £
@ Sl | = I
o1 T—- = L =0 7 E
i Mo .E -
: [~z / =
= | - | /
= a | Y
= = ot Lo @
'?1 'E i _;: E ol ﬁ
7| = T L &
2 2 =
" 9 | | o “ 2
el = »
i = =
. 5 :
- | £
: RF Input Coupler/
] (Bellows)
Getter N ‘
l i Cavity Vacuum Evacuation Port
' 163 I (Closed)

Vertical Cryostat

Vertical Test Stand

LHe b2 A7

954425y FREED umping SySte

Fa1—7
P AL
T ¢

3 e

s . | e »

8 r

o |y

e

L
H 2 e LHeT 2 "7 -
Power Phase lock
Meter feedback
—_—
| Mixer '——}-| Fid in
r RF
Detecioru voltaga-
e, " Controlled
—_ _/_L Csciliator
Cavily Oscilloscops EF aut
FPhase —
A, RE Shifter
Detactor
b
B T Powvrar
/;'V - Mater
Oirectional
Couplers

LA

Amplifier

Power
PPy
Meter
_— Function
Maodulator Generalar J




SRF Cavity (Nb/Cu clad cavity)

| i | Pickup couple

A SRF cavity hanged vacu
evacuation stand.
The cavity vacuum is pinchg
off by a metal valve.

-‘ Variable

| RF Input coupler




Structure of the Variable RF Input Coupler

Bellows
Antenna
N / Metal valve Vacuum evacuation port
oy
L ANH /
[T
Sliding =¥ || S| e
support
[ |

[ \H/ I

L7

N-connector

Variable input coupler for the vertical test in KEK



Theory of Measurement

P (71/2) =

QL =2nf -
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L
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Two-Port Cavity
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Qo
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Calculation of Gradient
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Cable Correction

Pu sP.-P, : measured 1n the measurement room
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Measurement of Surface Resistance
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High Gradient Measurement: Qo-Eacc curve
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Temperature(K)

L_he temperature: Pvs. T
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Characteristics of He-11
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- LHe makes transition to superfluid state (He-Il)
below A-point.

- LHe has almost no viscosity in the He-lI.

- He-Il has very large thermal conductivity,

higher 100 than that of cooper at cryogenic tempera
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Influence of residual magnetic field on Surface resistance

If magnetic field penetrated the Nb cavity in the cryogeni

temperature, it is trapped in the niobium and makes norn
conducting area.

Normal Core Magnetic Field Lines

T>Te, H < Hc T< Te, H < He

Superconductor

Supercurrents

Mo
H.,(T)

R (300K) = |— £
" \ 26(300K)

R,(Heq) = Ry (T =~ K)-

Hext
RRR 0(3OOK) H.

H ext

= Ra(300K)-72RR. H, (T, RRR)
= Ry (T, RRR)- Hext

Rs(Hext ) = J
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RRR vs. Residual resistance due to magnetic field
Rres(Hext) — RO ) Hext

3 NN N (N N RN N
I B Ro=3.1493 * RRR %%
25 F— 1 — ——
* ok W Ro calculated
m KEK
2 K A CEBAF
RO ® Saclay
1.5
1
Gani
05 — L LTI -
..‘.... .............
0
1 10 10° 10° 10*
RRR

High RRR Nb material is good against the Frozen flux trapping.
Residual surface resistance of RRR=500 is a half of RRR=100.
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