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The modernity and importance of the problem:

Vacuumtight metalceramic joints are widely used in particle acceleratorsas
important connectionsg especiallyfor Ultra HighVacuum(UHV)systems RFsystems,
electromagnetic systems,beamlinesas Insulators,feedthroughs windows, vacuum
chambersetc.

There are many technologiesfor ceramicto metal vacuum tight connections
(vacuumbrazing,welding, soldering,etc.). Existingbrazingand weldingtechnologies
for vacuumtight ceramiemetal joints have many disadvantagesand unsolved
problems Especialljsomelawsand equationswere receivedbasedon combinationof
experimental and theoretical calculations and experiments Some fundamental
(chemical physicaland mechanicalprocessesotally not describedyet for ceramicto
metals bonding There are many non standard and new metalceramic joints in
chargedparticle accelerators

Designand fabrication of new reliable and effective vacuumtight metalceramic
joints and developmentand improvementof new and existingbondingtechnologies
for vacuumsystemsare moderntasksproblems



- Design and investigation of vacuumtight ceramiemetal joints for electromagnetic
vacuumsystemsof acceleratorsg includingthermo-mechanicaldesign,diffusion brazing
and welding technologies,experimentalinvestigations,thermoregulation systems,UHV
designtestingandevaluationmethods,etc.



Themain topics provided for thesisdefense

- UHV systemof AREALIinear accelerator¢ main schematicview, Ti e-beam windows,
achievedvacuumlevel, materialsspecificationsyacuumtight ceramiemetal joints, etc.

- UHVtest stand- mainpurposesschematicview, etc.

- Thermoregulationsystemsof AREAILnear accelerator¢ thermoregulationsystemof RF
gun,thermoregulationsystemof klystronand coolingsystemfor solenoidmagnet

- Reviewof materialsandbrazingtechnologiedor vacuumtight ceramiemetal.

- Experimentakesultsof ceramicto metal brazingbasedon different brazingtechnologies
(moly-manganeseactivebrazingtechnologie$.

- Thermomechanicabimulationsfor ceramiemetal joints.

- Newbrazingmethodfor dissimilarmaterialbrazingin different geometrieswasdeveloped
for UHVsystems

- Newbondingtechnologyfor dissimilarcylindricalitem bondingwasdeveloped

- The vacuum RFwindow was mechanicallydevelopedand designed,including special
ceramic/metalbrazingtechnicsand mechanicaktructure of RFwindow.

- VacuumRFwindow test stand was developedand designedfor testing of mechanical
sealedand brazedceramic/metaljoints, includingcoatedceramicmaterials

- Thermoemechanicakimulationsof pillbox type RFwindow.



Scientific novelty :

UNew brazing method for dissimilar material brazing with difficult
geometries This new brazing method was published as patent
In Intellectual Property Agencyof the Republicof Armenia ¢ patent
numberAM201453

UNew bonding method for (diffusion welding or brazing) cylindrical
materials item bonding, especially ceramic to metals by using locally
heatingand pressurereceiving Thisnew method wasregisteredas patent
In IntellectualPropertyAgencyof the Republicof Armenia; paten number
AM20170070

U Pillbox type vacuum RF window was developed and mechanically
designedjncludingdevelopmentof brazingtechnologies

U RFwindow test stand was developedfor testing brazed ceramiecmetal
joints and ceramic to metal sealing technologiesin UHV, RF, thermal
conditions



1.1. AREAL Linear accelerator for fundamental and experimental
research
1.2. Ultra High Vacuum (UHV) system for AREAL linear accelerator
1.3. UHV test stand
1.4 Ti Bbeam window
1.5 Thermoregulation systems for AREAL test facility
1.5.1. Materials for thermoregulation systems
1.5.2. Thermoregulation system for RF Gun
1.5.3. Thermoregulation system for RF klystron
1.5.4. Cooling system for solenoid magnet
1.6 Water purification systems and water purification level
1.7 Vacuurrtight metalceramic joints in AREAL linear accelerator
(Klystrons, Insulators, RF windovieedthroughs etc.)
1.8 Summary
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The main purposes of UHV test staaneé the
testingof all UHV components, control
systems, devices, vacuutght joints (metal
metal, metalceramic) invacuum movers, bake
out processes of UHV components,.ebefore
installation in the main acceleration system.

Main parameters

Vacuumlevel

Upto 10'%Torr

Main constructionmaterial

304 stainlesssteel

Max temperature Upto 450°C
Invertedmagnetron
Vacuum gauges Penning
Pirani
lon pumps

Vacuum pumps

TPSump
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Thermoregulation system of RF gun,
Cooling system of solenoid magnet ,
Thermoregulation system of Klystron ,
Klystron,

Linear accelerator ,

Feed water pipes for RF gun and solenoi
magnet ¢ water input and output pipes).



Fitting
for air out

11 L/min

HEAT EXCHANGER
‘
Rs485 ¢ 8 v
= Y
Temperature
Controller

== Temperature sensor 3

Temperature sensor 2

== Temperature sensor 1

O, Barometer

Water Tank
25L

Filter
Water Heater

800W
20-55C

Regulation Valve

Rotameter

Flow Relay

11 Limin

Cooling system of Solenoid Magnet

Characteristics Value
Cooling capacity (W) 500
Temperature range (°C) 30-55
Temperature stability (°C) | +/-0.1
Water flow rate (l/min) 2-15

Pressure

Not exceedt.2kg/cm?

Coolant

De-ionized water

De-ionization level

5.6 MQ-cm

Temperature range 20-40°C
Temperature stability +/-1°C
Temperature sensor type Pt100
Temperature regulation type PID

Coolant Demineralized water
Water deionization range (-cm 50 (-cm
Cooling capacity 2000 W
Nominal pressure (bar) 3.3

Water flow rate

2-30 I/min




Resonator 30W
+-0.5°C
3.6 Umin
Water Pumps
T ] Water Tank
. Rotameter P vaive
™ Tomporature sensor
Characteristics Value
Resonator | Magnet
Cooling capacity (W) 500-1500
Temperature range 30-55
Temperature stability °C +/-0.5 +/-1
Water flow rate (I/min) 3.64 205
Pressure (kg/cm?) <4.2
Temperature sensor Pt100
Coolant Distilled water
Water deionization range 50M Q-cm
Nominal pressure (bar) 3.3
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2.1. Requirementfor vacuumtight ceramic/metal joints
2.2. Materialgroperties for vacuum tight ceramic/metal joints

2.2.1.
2.2.2.
2.2.3.
2.2.4.
2.2.5.
2.2.6.
2.2.7.
2.2.8.
2.2.9.

Vacuuncompatibility of materials
Materialseproducibility and structure stability
Materialdrazeabilityand weldability
Electromagneticharacteristics of materials
Highmechanical characteristics

Coefficientsf Linear Thermal Expansion
Materialhhomogeneity

Surfaceharacteristics

Materialselection

2.3. Comparing@f ceramic to metal bonding technologies for UHV conditions

2.3.1.
2.3.2.
2.3.3.
2.3.4.
2.3.5.

Activdbrazing technology

Brazingased on ceramic metallization technology
Thermeacompressiorbonding technology (diffusion welding)
Gluingechnics

Mechanicaealing technics

2.4. Experimentabection¢ Experimental investigations

2.4.1.
2.4.2.
2.4.3.
2.4.4.
2.4.5.

Experiment 1. Alumina to copper active brazing

Experiment 2. Brazing based on ceramic metallization technology
Thermaompressiorbonding technologies

Experiment 3. Gluing technics

Mechanicaealing technics

2.5. Summary



Materials review. Review Part

Materials for vacuumtight ceramicmetal joints.

Main requirements Soldersand materialswettability
- Low outgassing rate,

- Thermalshockresistance

- Low material penetration, o

- High mechanical strength, A

- Highweldabilityand brazability

- Highmachinability Materialsstructures- Homogeneity

L) B C

- Reliableduringlongtime,

- Repeatabilityand Dimentionalstability,

- Appropriate electremechanical characteristics,
- Absorhliion and desorbcion characteristics,

- Surface oxidation characteristics,

- Corrosion resistance,

- Metallization characteristics.

Without dislocationscontentinhomogeneities
cracksinnerimpurities etc.

Oxide Layer 2
Oxide Layer 1

Metal

Adsorption anddesorbtion Chemisorption Oxidation layers Corrosion Metallization
Review Part

A A




Materials Review Par

Curie Temperature
Material Temp. K

10.0-14.0 16.0-18.0 - Iron (Fe) 1043

10.0-14.0 16.0-18.0

Cobalt (Co) 1400

10.5-14.5 16.5-18.5 0.12-0.22

19.0-22.0 24.0-26.0 - - Nickel (Ni) 627

8.0-10.5 18.0

8.0-10.5 18.0-20.0

" Kovarcontant%
. / / : .
/ / S Cu Fe NI Co C Si Mn
= ° //// N Stainless Steel
E7 L 4 53.49 29 17 <0.01 | 0.2 0.3
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ceramic Oxide Ceramics




Materials Review Par
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- High mechanical strength (wide range of temperature);

- Thermal shock resistance (numerous thermal cycles);

- Low outgassing level (corresponding bake, adsorption, desorption level);

- Low material penetration for gasses,(lAr, N,, HO, etc.);

- Corresponding electromagnetic features;

- High reliability and durability (geometry and structure stability during operation);

- Reproducibilityg geometry, structure;

- Non-magnetic properties of brazed materials (depends on operational environment);

Bonding Technologies for Vacuutight Ceramiemetal joints.

Active brazing technology;

Brazing based on ceramic metallization technology;
Thermacompression bonding technology (diffusion welding);
Gluing technics;

A
A
A
A
A Mechanical sealing technics.



Technologies for ceramic to metal bonding

1. Moly ManganeseMetallization

2. Thin-film metallization process

Al203Ceramic Al203Ceramic
Ceramic Ceramic
v v
Mo-Mn Paint
PVDPIatingg Ti, Zr, Hf
Ceramic
7 Ceramic
Sinter 1500 C Wet H2 atmospherg v
Ceramic Au, Pdor Ptplating
v e
Ni Platein
Ceramic
Ceramic \
v Brazingwith solder

Brazingwith solder

Ceramic

Ceramic

3. DiffusionWelding

[
_ P
o

Heating

4. Activebrazing

ActivebrazingSolder

5. Gluing

Gluing

6. MechanicaFixation




Technologies

Review Par

Moly-ManganeséMetallization

Chemical Nickel Plating

Nickel chlorideg 459/l
Ammonium chloride; 50 ¢/|
Sodium citrate; 459/
Sodium hypophosphite 20g/l
Ammonia wate25%c¢ 509/l
pHIeveIc 8.0-8.5

akwbnE

Ceramic - Type Metallization Past Concentration %
Cearmaic Steatit, K-1 Mo : Fe 98 :2
Ceramic Forsterit, ®C-5/1, AD- Mo : Mn 96:4
555 Mo :TiH, : ALO, 63.8-74,0.8-6.1
Alumina silicate ceramic WC:TiC:Fe 60:10:30
Mo 100
Mo : Mn 80:20
22X, 22XC Mo :Mn : Si 80:20 (+5)
Mo : Mn : TiH, 80:20:10
Mn : Mo,B; Mo 20:10-15:70-65
Alumina M7 Mo ; Mn : MoB 62.5:20:17.5
Mo : Mn : Mo5i, 77:20:3
Mo ; Mn : C-48 75:20:5
Br-4 Mo :Mn @ Si 75-78:20:5-2
A-995 Mo :Mn: Mo,B. :B0-22 |74:15:5:6
Sapphirite Mo :Mn : V,0, 75:20:5
Policore Mo : Mn : Si 80:20: (+5)
Monocrystal sapphire Mo : Mn : Mo,B. :EB22 74:15:5:6
Rubine Mo :glass CT-1 70:30
Beryllium ceramic Mo :Mn : Si 80:20: (+5%)

Metallization process

Coating type Temperature duration Cooling speed Environment
oc ’JC,’min
Mn, Mo (22X, 22XC, A- 1270-1 400 20-40 5-10 N,:H,=2:1
995, M-7) Ny:Hy=3:1
dew point
+15 - +25°C
Mo, Mn, Si 1280-1320 40 Cooling -4.2 N,:H,=3:1
dew point
+15 - +25°C

Galvanic NickdPlating
Electrochemical Ni plating

Composition- g/l

- Sulfuricacidnickel 206250
- Magnesiumsulphatel7-25
- boric acid 1er0

- lemon acid-2

- Sodium chloride 0.5L

- Sodium citrate 45
ElectrolitpH-5.2-5.8



Vacuum Furnace

Mixing machine
(metal powders)

Metallurgical microscope

Max. temperature 2000 °C

Vacuum level 10Torr

Heater Tungsten

Power 35KW

Working chamber size 150/150/460mm
Chamber cooling Water

Chamber shielding Molybdenum
Heater voltage increasing By hand

and decreasing

Increasing level - times

50x - 1600x

Eyepiece

WF  10x/20mm, WF 10x/20mm
(With a scale), WF 16x/13mm

Planochromatic 5x%,/0,12 20%/0,35 40x/0,65
Objective lenses 100x/1,25

Table size 180x165

Range of movement 50x40mm

Light filter Blue, green, red, white
Digital camera CMOS 9Mn
Transmitted permission 4096x3288

Software

Micam (Netherlands)

Ceramic machining system
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Temperature °C

Phase Diagrams

Atomic Percent Copper
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95 % Alumina to SS (Stainless Steel) brazing
—————————

98 % alumina

95 % Alumina to SS brazing
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lization (Mn-Mo) and Ni plati

Metallization samples

Ni Plated Samples
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Disadvantages
-Low mechanical strength,
-Low working temperature,
-Short lifetime,

Diffusion Welding Machine

95% Alumina to Alumina Joint




3.1. Newdiffusion brazing method for dissimilar items with difficgiometries.
3.2. Experimentationf new diffusion brazing method for dissimilar itemgh
difficult geometries.
3.3. Newdiffusion bonding method for cylindrical materials
3.4. Diffusiorbonding process based on molybdentwoii.
3.5. Thermemechanicakimulation of ceramignetal joints for vacuunsystems.
3.5.1. Thermanechanicakimulations of ceramic disgCu ringsystem.
3.5.2. Thermeamechanicakimulations of vacuurbreak.
3.5.3. Thermamechanicakimulations of vacuum break with conical jorune.
3.6. Summary.



New Diffusion Brazing Method for Dissimilar Items and Difficult Geometry.
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Diffusion brazing method for dissimilar and difficult
geometry items.

2883 A, 2014, Yerevan
VardanShavarsiAvagyanVahagnvanikVardanyan
Intellectual Property Agency of the Republic of Armen



Experimental machine

Pressure difference X0lorrand atmospherior 0.5Atm




New bonding method (diffusion brazing or welding) for cylindrical materials.

1. Ceramic¢

2. Metal,

3. CeramiqBeQ,

4. Molybdenumwire,
- 5.,6. Wire fixators,

3130 A, Yerevan, 2017

VardanShavarsiAvagyanVahagnVanikVardanyan
Intellectual Property Agency of the Republic of Armenia

The temperature was regulated by supplied electrical current.

Advantages
- local heating;
- local pressure;
- Fluent regulation of temperature
and pressure;
- Equal Pressure exert
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Molybdenum Wire
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Chaiter 4. Vacuumiiht ceramicmetal "oints N iarticle acceleratori

4.1. Varietyof vacuum Riindows
4.2. Pillooxype RRvindows
4.3. Requirement®r pillbox type RKvindows
4.4. Pillboxype RF windovwg mechanicabesign
4.4.1. Materialdor pillbox type Rindow
4.4.2. Brazingf ceramic disc to metal ring for REndows
4.4.3. Brazingf RFwindow
4.5. Mechanicahnd thermal simulation of waveguide for brazing process
4.6. Thermoregulatiosystem for Rkindow
4.7. Tesstands for ceramiwindows
4.7.1. Tesbtand for testingealedceramic/metals joints for RF windows
4.7.2. Tesstand for testingorazedceramic/metal joints for RF window
4.8. Development anohvestigation of brazing process of copper to copper and
copper to stainless steel for RF window
4.9. Thermae mechanical simulation of RF window during vaclamazing
4.10. Surfacéatures of alumina ceramics
4.11. Leakletection and mass spectrometry
4.12. Summary



Frequency band name Frequency (GHz) Size (mm) Waveguide name
L-Band 1.15 —1.72 165.1 x 62.55 WR6E50
S-Band 2.60 — 3.95 72.14 x 34,94 WR284
C-Band 3.95 — 5.85 47.55 x 22.2 WR187
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Requirements

- Highmechanical strength;

- Hightransparent level for electranagnetic
waves;

- Lowersecondary electron emission;

- Highconductivity of walls (metal);

- Reliabilityand durability;

- Outgassindpw level,

- Higherreproducibility;

- Highlevel of homogeneity of materials
structures;

6

Design Process

wDesiredrequired characteristicg required documentation (RF parameters, vacuum and pressure levels, etc.);
wElectremagneticdesign (calculation, simulations for inner geometry and corresponding effective materials);

wMechanicabnd thermal design (developing of effective mechanical structure and drafimguding development of materials brazing and
welding technologies, items machining specifications, heat removal cycle dgsignmoregulation unites, etc.);

wSelectiorof corresponding materials;

wMachining(rough & fine) of unit parts based on developed and designed technologies and drawings;

wSurfacepreparationg treatment (cleaning, polishing, etc.);

wPreciseassembly;

wBrazingand welding in corresponding accuracies (diffusion brazing and wethl@argyocompressionvelding in vacuum or inert gas
environments);

wUHVtest ¢ residual gas analyzing, leak detection under high temperature conditions;

wTuning

wPre-processing

wHighpower conditioning;

wConditioningvith RF;

wOperationin real working environments In high RF power, UHpressured gas and cooling conditions;
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1. Flange

2. Waveguide

3. Pill box cover

4. Cylinder 1.

5. Water input and output pipes
6. Cylinder 2.

7. Ceramic disc



Difficulties of assembling
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Cu cylinder Assembling Fixation

Ceramic disc

Ceramic disc to Cu Cylinder assembling

Fixation- Mo wire
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Mo wire immersion (high deformation) Mo Wire to Mo foil combination

kl ¢ ceramic disc, 2Cu cylinder
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Ceramic to Cu fixatio
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1

_ ) Third Brazing Part
First Brazing Part a and ¢ first and bsecond brazing parts
1- flange, 2 waveguide, 3cylinder cover

~

i

Pilkbox cover
Material ¢ stainless steel
Coated surfaceCu

(& /




Fixation methods for Diffusion Brazing

Weight of RF window is 3.5 kg

Mass + gravity

- §

Pressure 15kg.
Temperature-800°C



For testing Ceramic to metal, —
metal to metal technologies for
RF windows




