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* Introduction to RF structures and components

* Fabrication steps and issues
* Engineering design
* Machining
e Quality control
* Bonding
* RF measurements
e Baking

 Towards CLIC structures (CLIC two-beam modules)
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q Accelerating structures ===
TD24#2 at CERN
(12 GHz)
TD18#3 at SLAC

- Cu OFE UNS €10100
- Shape, accuracy + 25 ur

- Roughness Ra 0.025 ym
- @ 45t0'80 mm, 1, 30 disks
- Lengthr : :

G. Riddone, MeChanlCs, 05.09.2010



G

- Cu OFE UNS C10400
- Shape accuracy/# 7.5 pm

- Roughness Ra O pm
- 8 octants |

G. Riddone, MeChanlCs, 05.09.2010
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Variabled ”igh power splitter
Not treated in this talk.
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Production phases

Engineering

design (based on

RF design)

3D models and 2D drawings, including
thermo-structural simulations

Machining

Tendering, contract adjudication,
QC at factory (dimensional
control, Ra)

Alignment, bonding/brazing
cycles, QC, RF measurements, final
vacuum baking

G. Riddone, MeChanlCs, 05.09.2010
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ENGINEERING DESIGN
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12WDSDVG1.8_R05 Assembly -

12WDSDVG1.8_R05 (Sealed) g
TD24 KEK-SLAC based design

12WDSDVG1.8_R05 — Standard Cell

CLIAAS120077

12WDSDVG1.8_R05 — Input Matching Iris
CLIAAS120076

12WDSDVG1.8_RO5 — Input Ring Cell
CLIAAS120066

12WDSDVG1.8_R05 — Output Ring Cell
CLIAAS120067

12WDSDVG1.8KEK Coupler (Assembly)

CLIAAS120072
12WDSDVG1.8KEK - Coupler (Machining)
CLIAAS 120071
12WDSDVG1.8KEK - Coupler (Brazing)
CLIAAS 120063
Vacuum Flange (Female)
CLIAVACUO0028
12WNSDVG1.8KEK - Coupler Body
CLIAAS120062
Cooling System (1/4 D74 L 235)
CLIAAS 120070 11 (12) D (N) Coupler Cover
CLIAAS 110341
Cooling Block 12GHz (KEK) Coupler Brazing Shim
CLIAAS120069 CLIAAS120051
COOLING CAP
CLIAAS110332
COOLING TUBE
CLIAAS110333

DN 40 - UHV CF FIXED FLANGE (TD24)
CLIAAS110371

DN 40 - UHV CF ROTAT. FLANGE (TD24)
CLIAAS110373

Beam Pipe
CLIAAS110347

Brazing Shim (AS-Coupler D74 12GHz)
CLIAAS120074

Brazing Shim (CS D74 L235)
CLIAAS120073

CLIAAS110351

A I N Y A B

Tuning Stud ‘

G. Riddone, MeChanlCs, 05.09.2010
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erating structure - 12WDSDVG1.8 R

The roughness identification on our drawings
for better control of the critical area
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* - Evaluation length is equal to (d—2*be)jﬂ5
Roughness is according to ISO 1302

A. Solodko
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Section view B-B

Scale:
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erating structure

Section view of critical area
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Launcher COUPLER
Ylerating structure — 12CDSD1.2ML
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Engineering design: T
To be studied/optimised

e Reduction of types of tooling

* Tolerances requirements: review of regions
with stringent and relaxed tolerances

* Review of roughness requirements in the
different regions

e Optimization of design for chosen
assembly/joining methods

G. Riddone, MeChanlCs, 05.09.2010



CONTROL

G. Riddone, MeChanlCs, 05.09.2010



Why Ultra-Precision G
Machining

CLIC’s needs:

shape accuracyt 2 pm
Roughness Ra 25 nm

Form [mm]
A
1 4
K Conv. Machining
0,1
F Fine Machining
0,01 +
P Precise Machining
0,001
UP Ultra-Precise Machining

> Roughness [um]

0,01 0,1 1 10

G. Riddone, MeChanlCs, 05.09.2010




@) ==
“ Technology

e Accelerating structures ¢ PETS

* Milling and turning * Milling
(disks) -BASELINE « Annealing steps

* Milling between pre-machining
(quadrants/halves) - and finishing
ALTERNATIVE

* Annealing steps Diamond tool is requir¢s‘i""{'y? i pe
between pre-machining -Dimensionalstabil__;""’" W b

and finishing - Maintenance of t j

G. Riddone, MeChanlCs, 05.09.2010




@)  Machining at VDL T

q Enabling Technologies Group Inspection Report UB[—

Enabling Technologies Group Inspection Report
rawing no. [GLAAS 120020

anmg 0. |CLAAS 20020 Prod. Nr. 1 Das:rlplhnl [12WDSDVG1.8T disk 007
Description |12WDSDVG!.8T disk 007

1 RefA '/ 0.002
Profile accuracy cross : Sy | s
3 0.002
00AB :
5 ‘Width of cross Z =
L] Width of cross Z-
B e it W G LM 10000014 roen 0005 2000 vef -/ 7
ot MMI e i 8
A BTy wownn ]| et [T v, pork T Aottt e TR ] °
Tt [} oy [ & (T8 o) 0

014 varaen | [ N Wk | en| ::
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Lt L T ) Mol G0l Z mw Sheeswod 000 ) m [ ——
14 Diamste rundulation 58478 | 0.0025 | 0.0025 | 58463 | -0.0009
Cntout 4% | v e | Pares | Wt | et e 15 0.002 00000 | 0.0020 | 0.0000 | 00004 | 0.0004
17 0.003 B 00000 | 0.000 | 0.0000 | 00012 | Dotz
il [ ol [ U R | o N [ ot [ (v ke 9 WMeasurandt 14807 | 0.0025 | 0.0025 | 1.4801 | -0.0006

18 Undulation -~ 0.005 A B 0.0000 | 0.0050 | 0.0000 | 00033 | 0.0029
18 Cross  0.005 A 0.0000 | 0.0050 | 0.0000 | 000268 | 0.0015

it |
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] )

iddone, MeChanlCs, 05.0



@) PETS (cLiap11 0037) S

* Shape accuracy 4.8 um
(15 pm nominal)

* Roughness Ra 120 -180 nm

(100 nm nominal)

KERN Micro- und Feinwerktechnik GmbH (DE)

100,0000 110,0000 120,0000 130‘0000Kurvenf&|,‘6’5b§ 150,0000

160,0000 170,0000

G. Riddone, MeChanlCs, 05.09.2010



@) Damped disk T
LIAAS110070 VTT (FI)

Shape aCcuracy of 50 LM (Deviation due localisation errors)
Very accurate and stable shape
Fabricated by milling

£ 0.025
MIn | 0004

G. Riddone, MeChanlCs, 05.09.2010




Damped disk

w)

CLIAAS110188 (VDL)

G. Riddone, MeChanlCs, 05.09.2010



Damped disk
CLIAAS110188 (VDL)




@) CMM at CERN

Leitz PMM-C Infinity

Measuring range in mm:
X=1200,Y=1000,Z=700
Volumetric length measuring error:
E=0.3+L/1000 [pum]

Volumetric probing error: P = 0.4 um
Resolution: 0.004 um

Continuous Scanning Probe head
LSP-S4 ANF P oo
- probing force : 1g ~6gg )
-max. Styli weight: 450g

-max. Styli extension : 500m
-max. Probing fr@ency: 6-8

"T‘ pts/min -
-max Moving speed: 80 mm/se

G. Riddone, MeChanlCs, 05.09.2010

LSP-S4

(4




Machining: T
To be studied/optimised

 Machining and annealing steps:

 When and at which temperature (and how long)
* Unique clamping device for turning and milling
* Tool geometry and wear

* Turning vs milling regions: turning as mush as
possible

G. Riddone, MeChanlCs, 05.09.2010



ASSEMBLY

G. Riddone, MeChanlCs, 05.09.2010




Assembly of accelerating =—=
structures

T18 structures tested at SLAC/KEK
showed excellent test results

consequent validation of
design, machining and assembly procedure

U

NLC/JLC fabrication technology: valid;

100 MV/m (baseline for future CERN/
accelerating structures)

G. Riddone, MeChanlCs, 05.09.2010



Baseline procedure R S

Diffusion Bonding of T18 _vg2.4 DISC

Diamond
machining (

Cleaning with light
etch

Vacuum Baking of T18_vg2.4_DISC H2 diffusion
bonding/brazing at
~ 1000 °C

Vacuum baking
650 °C > 10 days

G. Riddone, MeChanlCs, 05.09.20




O\

Application to CERN ===
accelerating structures

 CERN previous assembly procedure was based
on vacuum brazing at 800 °C =» several
changes were needed for implementing the
baseline procedure

* Following the post-mortem analysis of the two
CERN acceleratmg structures T18 and J245 |

oroblem = cleanliness had to be sé
improved

G. Riddone, MeChanlCs, 05.09.2010



@) Baseline manufacturing flow

Nt

_ High precisic.)n. Qac W >
diamond machining J
Machining of Brazing of couplers ____ Cleaning Y
couplers (H,, 1045 °C, AuCu) (light etch)

Diffusion bonding of Braz:r.)g of CO'{p ler
bodies, cooling

— disk stack —_— . RF check and tuning
(H,, 1020 °C) circuits, tuning studs
27

(AuCu, 1020 °C)

Packaging and (Vzitlgfn
shipping 650 °C, >10 d)

[ New for CERN ]

G. Riddone, MeChanlCs, 05.09.2010



i Microscopic inspections before and Microscopic inspection of disks
| after each relevant fabrication step | before and after cleaning (on

& ,7/ withess pieces)

T18 KEK/SLAC design

Video inspections, SEM and

microscopic inspections

G. Riddone, MeChanlCs, ?q_(1)9.201g”=2°-°°w 1WNSDVGTKC; N2

;i lep EN/
D=222mm 10-D; tilted 45° Date :20 Aug 2009
Mag= 50X Signal A=SE2 Time :16:37:58




@) Cleaning

1 A ]
=/ Cleaning of Accelerator Parts

ADDRLERATDE LASDRAAOR

b

;

For accelerator structurs parts with singls diamond tuning surfaces:
Vapordeerzaszin 1,11 trichlorosthans or squivalsnt deeraaser for 5 mimitss.
Alksline soakelzanin Enbond Q527 for 5 mimmtesat 1 30°F.
Cold tap water rinsefor 2 mimitas.
Immenszin 0% hydrochlosic acidat ro om tempamture for 1 mimitas.
“pld tan Zostarrincs Frr ] pmimaga
Immenszin the following solution for maximmm of? s2conds depending onths
surface finish raquirad:

Phosphoric Acid, 73% 21 gallons

Mitrie Acid, 42°Baums 7 gallons

Apcatic Acid, Glacial 2 gallons

Hydrochloric Acid 12.6 fluid oumcss

Boozs

Cold tap water rinsefor minimmm of 2 mimttss until the film on part disappsars.
g, Ultrasonic in DI Water for 1 minuta.
9. Ultrasonic in n=y, clzanaleohol for 1 mimts.
140, FinalFinssto be dons in new, clean alcohol.
11. Held in clzan slechol in steinlass stael containars.
12, Dyvin aclean room using filterad N2,

(=20 B e e

For accelerator structurs parts with ragular machining swrfaces:
6. Immemnss in tha following sohtion for maximum of 20-5] saconds depending on the
surfacs finish raquirsd:

J. Wuang

Etching

s,05.09.2010

SLAC cleaning procedure
as a baseline

For degreasing
Trichloroethane = at SLAC replaced
by Perchloroethylene

CERN procedure:
(Firm AVANTEC Performance
Chemicals):

- TOPKLEAN MC 20A _
- PROMOSOLV 71IPA




Diffusion bondin

g i ?E‘m|$‘§§§'§
9 88 g | 88 | 8¢ | 88 2

- 1045°C, 2h

N

0%’ 2560?“ Q‘f“-" CLIARS) 2002
B

23/09/00 07 05.00 230000 10:30:00
25/09/2000 16:53.20 FPage 10f1
‘,/7.' L1 AP
g8 g g8 g8 28
= 2 28 g8 28
g2 e 8 q¢ qe

1200.0

1020 °C, 1.5h
| —

1

T

Bonding at CERN: few mbar H, partial pressure
(difference with SLAC): we are validating bonding

at 1 bar H, (Thales-CEA, Listenmann).
G. Riddone, MeChanlCs, 05.09.2010

] \ —
22/10/09 18:40:00

22/10/09 08:20:00
28/10/2009 11:01:13 Diagramme2

0.0 1500 3000 4500 600.0 750.0 900.0 1050.0



@‘ Accelerating structure TD24 after
2 diffusion bonding under H,

sosewe e

®
»
e
»
. ®
»
®
»
b
®»
»
»
£
»
»
»

G. Riddone, MeChanlCs, 05.09.2010



Assembly made on V-blocks
Verification of the assembly

(before and after bonding) with a ,6‘@‘@‘6

new measurement column:
straightness and tilt

G. Riddone, MeChanlCs, 05.09.2010
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Welding of the vacuum flanges

Under Argon 13 I/min in a glove box

G. Riddone, MeChanlCs, 05.09.2010




Welding of the vacuum flanges

G. Riddone, MeChanlCs, 05.09.2010




RF check and tuning e

008 combined S11 in complex plane Bead-pulling at 11428.8 GHz,
. ‘ ‘ ‘ ‘ 0.35 T T T T T T T
0.06}
0.3F .
0.04}
0.25
0.02}
z):‘: ot g 0.2
g £
£ 7002y £ 0.15
&
-0.04
0.1
-0.06
0.05
-0.08}
0.1 ‘ : ‘ ‘ 0 200 400 600 800 1000 1200 1400 1600
20.1 -0.05 0 0.05 0.1 0.15 (
Real(s, ) psis

J. Shi

G. Riddone, MeChanlCs, 05.09.2010




15t baking: TD24 for CLEX,
two-beam test stand

CERN furnace
=» several
mechanical
adaptations
were needed

700

acel Serial vb732 on Station 4 on 10-JUN-08

Nn-9
Lo T mMpat,

600 /r

500 /

Avg.Temp

© 400

[}

[

o

o /

& 300 / \
200

=

(=3

o
I

0

-

075 175 280 373 476 581 6.85 7.89 893 997 11.01 12.06 13.10 14.14 1518 16.22 17.26 18.23 19.27

G. Riddone, MeChanlCs, 05.09.28/16 S=°"

\ & W

J. Wuan



@) Clean room

S. Lebet, visit this afternoon

Clean room layout

Clean pieces

VESTIBULE

CLEAN ROOM
with AIR
CONDITIONING

STORAGE

/

LAMMNAR FLUX
DRVICE




Production b

ase program S==aio

(Stand alone + Test Module)

N
T24 undamped
y,
- ™
TD24 damped g
- < TD24 — with
TD24 ROS KS wakefield monitors
:I reduced AT
y,
- ™
TD24 RO5 KS — reduced AT with
damping loads oo
5 . 7 @
TD26 KS y i
—reduced AT with damping loads 4 2 | &
and compact coupler - - .
< CLIC structures with all features and

technical systems

G. Riddone, MeChanlCs, 05.09.2010




Accelerating structures R it
7 fabrication procedure comparison

CERN new
SLAC/KEK CERN old (SLAC/KEK
based)
v \'J

Diamond machining v v

Etch v v v \'}

1000 °C pre-fire V (Ar)

~ 1000 °C diffusion v \'}

bonding

~ 1000 °C brazing v =
~ 800 °C brazing V (Ar, Au/Cu) ¥V (Vacuum, Ag/Cu) ') @
Vacuum baking v v v -
Tank/sealed SEALED SEALED SEALED TANK/SEALED

CERN procedure still needs to be optmised

G. Riddone, MeChanlCs, 05.09.2010




Accelerating structures: e

saen  alternative program
T o™

A::hieved shape accuracy £ 2.1 um
Roughness Ra =86 nm — 30 nm according to ISO 97

80

It
60+ ,*"I‘I‘”;

‘. Achieved shape accuracy £ 1.3 um
40

20t

.~ QUADRANTS - HDS thick qualificatic
20 4.0 6.0 8.0 10.0 12.0 X [mm] accordlng to CLIAASBOOOGZ = :‘. !

G. Riddone, MeChanlCs, 05.09.2010

DDDDD



Accelerating structures:
S. Atieh alternative program

Origins translation: X 16 um and Z -8 um
Shape accuracy is respected £ 2.5 um

G. Riddone, MeChanlCs, 05.09.2010




) Fabrication of PETS at 11.4 GHz o ——

%

with damping material

"Bar length ~300 mm
Shape tolerance within specification: £:7.5 pm

PETS for feasibility demonstration
- successfully tested at SLAC




@) Fabrication flow for PETS (11,4 GHz)=eeo o)

Procedure as close as possible to the baseline, but
some difference due to design and infrastructures
4 )
Assembly of the — RF check
8 bars L
p

\

Qc

/&

i

Y
/&

EB welding of the Vacuum test
bars

1

PETS bars

RF check

FINAL ASSEMBLY
a 4

EB welding of the
bars

1

Assembly of
couplers-bars and
mini-tank
1

EB welding of tank

G. Riddone, MeChanlCs, 05.09.2010
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©)

Prototype made by CIEMAT using conventional UHV best

practice for cleaning and handling
Coupler is brazed, no heat treatment for PETS |tseIf (

The CERN production will be assembled in a clean room,
The coupler will be vacuum brazed at CERN"

G. Riddone, MeChanlCs, 05.09.2010



Production capability

PRODUCTION CYCLE (ac. structures) PRODUCTION CYCLE (PETS @ 11.4 GHz)

Baking

Tuning
RF meas.
Baking

10 wks 4wks 2wks 3wks 10 wks 6 wks 1wk
1 wk

Total: 19 wks (about 5 months) Total: 18 wks (about 4.5 months)

3 laboratories:
- ac. structures =» SLAC/KEK and CERN
- PETS =» CERN
6 qualified vendors for ac. structures: 3 (CERN), 2 (KEK), 1 (SLAC)
3 qualified vendors for PETS
For each structure, at least two units per lab. are manufactured (almost in
For KEK/SLAC made structure, the assembly/baking is made at SLAC |
- e.g. baking of two structures in parallel

At present, potential capability up to 20. structures per year

G. Riddone, MeChanlCs, 05.09.2010



@ Other structures

Important involvement of other laboratories to exchange
experience and to increase the market

=2 900-mm long structures for PSI (X-FEL) and Elettra
(Sincrotone Trieste) with wakefield monitors

=> 72 cells

Wakefield monitor.design..

pedthrough

G. Riddone, MeChanlCs, 05.09.2010
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Assembly T
To be studied/optimised

* Baseline procedure:

* sequence of different steps to improve quality (e.g

welding of flanges as one the last operations is
dangerous)

* Review of thermal cycles: T vs time
* Minimization of thermal cycles

* Review of alighment procedure

G. Riddone, MeChanlCs, 05.09.2010




Vacuum brazing versus =~ e
hydrogen brazing

Vacuum brazing Hydrogen brazing

KEK; Sample 2; Vacuum Brazing 820 °C; Nominal CERN cycle ¢ Mﬁg: 10-00KXWH ; Sample 4; razin °C; Bodycote cycle A. Toerklep EN/MME/MM i

Mag= 10.00K X,
EHT
Attt srf 5 periphery

- ,.\v,.\.

the influence of different thermal cycles on the copper -,--—-‘—
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TOWARDS CLIC STRUCTURES/
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() Towards CLIC structures ——w=

Wakefield monitor AS

* CDR

* Accelerating structure with all features:
damping material, wakefield monitor
and technical systems; under eng.
design (first structure at the end of
2010). Assembly test with a prototype
structure are scheduled in the coming
weeks.

e PETS with on-off system: under design.
On-off system to be tested in Q1, 2011

e Cost estimate is needed for CDR:
dedicated studies with three
companies/institutes

G. Riddone, MeChanlCs, 05.09.2010



Towards CLIC structures ===

.P
» From CDR to TDR T |

* Main linac
prototype
modules (3 by
end of 2012) will
be built to
validate the
technical
systems in an g
integrated
approach.

{

These modules will contain acceferating {‘T
structures and PETS with all requireckfeatt Ire

.v'-

* Industrialization and mass production =

developmentrinccobaboration |(t“ compatiic
A\ &)

N




Conclusions

Fabrication of X-band micro-precision RF structure is very challenging and it
involves several steps, technologies and quality controls

NLC/JLC fabrication technology validated for CLIC accelerating structures to 100
MV/m
=>» CERN implementing NLC/JLC procedures, but optimization is needed

Production capability in Europe has to increase: at present only few firms qualified
and the final product is not always within tolerances = involvement of other
laboratories to exchange experience and expertise is mandatory

Fabrication procedures are to be developed and cost-performance ratio improved
CLIC structures with all features under design: first unit ready by end of this year

Main linac prototype modules for CLEX will include CLIC several structur{zo -

2013 |
®

Industrialization, mass production and cost study under way
-—-—-‘
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