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# # 5370543621 : MAJOR NUCLEAR TECHNOLOGY
KEYWORDS: DC SPUTTERING / SPUTTERING / MICROWAVE

TIRAYU  SONTHANA: DEVELOPMENT OF MICROWAVE ELECTRON
RESONANCE PLASMA GENERATOR. ADVISOR: PHONGPHAETH PENGVANICH,
CO-ADVISOR: PANTIP AMPORNRAT, 93 pp.

This research involves the development of a microwave electron
resonance plasma generator for using in the process for coating metal particles
onto the surface of various materials with the DC sputtering technique enhanced
by 2.45 GHz microwave. The system consists of 4 main parts: the vacuum system,
the high voltage DC power supply system, the microwave system, and the gas
feeding system. When a high voltage DC power is applied between two
electrodes which are located inside a vacuum chamber filled with a working gas,
under the right conditions the gas can ionize into plasmas. The positive charges in
the plasmas are then accelerated under the applied electric field toward the
target material which is negatively biased. When the charges hit the target
material with sufficient energy, sputtering process can occurs and particles inside
the target material can break free from the material’s surface, travel toward the
substrate, and implant on the substrate’s surface. In this research, the power
supply has been designed to be able to produce 500 - 1000 voltage output,
where negative bias is connected to the target material and positive bias is
connected to the substrate. At the working vacuum level of 0.045 Torr, it is found
that ionization into plasmas and coating can occur. In order to demonstrate the
coating process, an experiment has been set up to coat copper onto stainless
steel (SS304) using argon as working gas under various sets of conditions: 500/800
V, 5/10/15 minutes, and microwave on/off. The preliminary result from SEM and
elemental mapping show that coating can occur at the set conditions. Voltage,

microwave, and time are factors that affect the coating result.
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iWodnwteulvdmiunisiedeuiidnuneinadenuautimeliii auaudanauas uay
Nufwesiiduu AZO deduwmdunsimundaliihmelueaduasening szl
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vonled tlvilasuunsvanaladifiedautamislaseadng uazaninituin auaudhauds
mauas nmaiadanan desordenisunndavesdszy fidededuuiialaeniniedy
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didnnseulelransouilenuud eliuussanineveansilaiioynia lneiisuiusmning
n3ld wundnseuataweasse Au nsld wellaluninseuatdnnesss swudumeia ECR uag
Jun Xu , Xinlu Deng , Jialiang Zhang , Wengi Lu and Tengcai Ma [4] lnanasly
wdsinialulasian 2 90 azvlfiAnauuwivdniiasevaquuiniunislunszuen
qzyjzyﬂmﬂﬁﬂﬁmmsaLﬁ@mﬁmﬁm%wmamiﬁmﬂﬁﬁu deiAnnsuanfueaUszgaInng
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y938YnIATiANZNTY
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Tosawat Seetawan and Vittaya Amornkitbamrung [5] lApnuuukasnauILAaany
masluinszuansawuululnans (Bipolar Pulsed-DC Power Supply) d1nsunisilailansae
wellawuninsouatdmnesse nsesnwuugnuusesniluaiudiu de 1. luusags
nszuanss 2 90 Wuduumdsieiddluiuieruaumavesnsdaindsluiliiuises 2.
danlumsadraiad (Pulsed Generator) Wievinsadngda (Switching) veardalwi st 2
Wv09as 3. dwitlilunsteunduresdyyruussiuliiiiuagnssuarenns uagauide
¥4 J.F. Chang , HY. Ueng , T.F Young , Y.C Wang ,W.C. Hwang [6] Tadmafinves
wunilmseualmnedss Wiy waile ECR ienisilaansueufidu (Carbon Film) wiefine
fanansznuiderinisludaussiuauuazylniansyuiunisilssvesdidulalasasuey
(Hydrocarbon) @sanilunisiladanunsansivaeudieiinisues Raman Spectra uaw
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diudsmuwand1swesandlunisilsivedidulalasasuen navrnmeiafiviiliiaainy
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2.1 ASZUIUMSHIANAUUS

Y a s I A o v =
n3EUIUNTATITaNYIN [7] Wunseuiunmsiilisgvseaisusenauainidians
A N a o o & (v d‘y N a é’ < gj
\AFU (Target) AdaULURITARTRITUNSOTanTIRRINITIARRY (Substrate) Awiinduludy
FAUNUNS (Thin film ) NSEUIUNSAS1WNAUNUNLIUNBUNGN AB N1SHENBLABY (Atomic) |
Tuana (Molecular) #3e laaau (onic) een lnenmsdausinaldsiansessunie Janh
ABINTASANUN MENTTUIUMITNINEAMYTE NGall AegUn 2.1 [8] Msiinguiuy
Yoatuildufuagiunssiudiveseunia (Nucleation) uag nszuluNsiiulavestuilay
(Growth Process)

Vacuum
Evaporation
Thermal Process T—— Laser
—— Physical Process — NMBE
Thin Film Process — Sputtering ——— |lon Plating
lon Process ....I -
i —— ARE
+ Plasma CVD i
e JCBD.
—— Chemical Process |— LaserCVD

— Thermal CVD

L Chemical Solvent
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2.1.1 ASZUIUNISNINAL

Junsiedeviiondenisuandvesasailuanmyesinauazniniaujizeiad
nanerfuanslminniadovasuuusiusesiv Weamsgnvinlinaneidulessmeetnasnigs @
leszmeiildgnuenesnuazunndaufeszdulinana udhluvihufAzendufedmwalmannis
Hefvesaansasuuinvestaniideanisiedeuiinduiidunns isndenssuaunisiin
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“Thermal Chemical Vapor Deposition (CVD)” Tngvluudiianidiansindou azilgamgil
891 1,000 smigaded Jufentdimalianszuiunisnieall Fallaseaiiaagun 2.2

Vacuum Chamber

o e

1 Substrate

SR BN SO P _]_Vacuum
T

f Gas Source

E‘U 2 2 TAs9Es 1 nAtANIZUIUNTNNLAL

nszvIuMsilioymAignuulsFesqauiinmshaaulilasnitediiugng
msuandveslossuiieansesuuswiugaannia raunsoldldlussdulssanu 107 -10°
oH LLﬁ%E]’]ﬁEJﬁU’]iJLLliLMﬁﬂLﬁl@Lﬁﬂﬂ?’]ﬂﬁﬁuﬂLLﬂU%@QWﬁWﬂMﬂﬁﬁﬁﬂ@ﬂ%ﬂﬂEJ‘ViEquflﬂWi Futios
voardulilasin  (Resonance) 6'?5&Lﬁméﬁmﬁ'ammﬁmaqmamu&é‘ﬂmau (Electron
Cyclotron Frequency) Srnwihfumnudveslilasnnitladnly SuSenmedinindidnnseu
llmansouislauuudg (Electron Cyclotron Resonance (ECR)) éﬁgﬂ‘ﬁ' 2.3 9]

SiHa
L=":|
Vacuum = Microwave
4— 4—— Plasma 2.45 GHz
Substrate & |_d
| u “
Magnet N,

Coils
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Jumsiadeulpefiandunisinlieznouvesansindounaneanainiaud aanszane
N a £ = a U A 1 [ v v aa 6
il luBnRnuRIveILHuTesuTaen1slgANseU (Thermal) wag A5n1salninesss
(Sputtering) Tudgruresidnsnenwaunsanuseenladu 2 38uan
2.1.21 nszviaumsadeuilauuenisloszinealsainauieu (Thermal
Evaporation)
Junssurumsnenyuvesduilauuisvasasiedeuiivinliszsmedainiuly
) i o ' -6 1 v Y { d o8 v
goyeuinie TuAudugInIAnaIngl 1 x 100 ves lagnslvanuiounuinwenagyinly
2 I3 = A = & v v da aa I3
aswndeunateiluledadielovesasinfeuilagislunsenuiviagnlgamainmun vauiag
Aansaivkduvasasndoukaznenyuladuduilauun deidevenniiovasisilfeusidn
Ansgninansndeukasunusassuazliamenaniilauuiensaglisunisvuiounesansi
lgvin1vugaisedould anvusNuIsansiAdouiyanasumalInvsolnaifediuans
wEey  nszaztuianfildussyansindevifewinnnlansinuninuseuds wse sl
anwarludivasuves amend(Quartz) ,unslng (Graphite) ,ogivilun (Aluminum) %5e
\woslasiiley (Zircronium) AagUN 2.4 [7]
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Substrate
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Substrate

Vacuum
Chamber

Vacuum
/ Chamber

Evaporation

Evaporation
Source Heater P

Source

p— o

e i '

Vacuum Vacuum

Resistive Heating Electron Beam

JUN 2.4 nszuiunisindeuilanuisielesswmeansainanuiou

2.1.2.2 nszviunapasuildnuslaedalninesse (Sputtering)

Junszuiunisweniurestuiliduuwesasindeuainnssuiumsatanes
a aad a £ 4 = o a L a
34 BlzievuilielosauvesansinfiouannszuIunsalnmesseisvy (Bombarded) WuRn
Y93780 30350 freausaibilessuiignisslivuiveneuvesiuiiiansessuimndy

v
e 1

Y099 (Solid) ansanewmndsuuaziilossuundiuazfioundu Jusenusingnisalilin

e

Back-Sputtering wagudruIndlulededluiansesiu FenUsingnisaliin
Transmission ~ Sputtering #e3U# 2.5 fintswennuiluilduuiniesainlossuiilaain



nszuIuNsadnnessaundeudinieniuignisssmeansun duiulessuvesansiadeu
WINTENUAULAUTOITY wananunsaladasluian

R

SPUTTER ATOM Q

INCIDENT ION

SURFACE

;' SUNSTRATE ATOM

ION IMPLANTATION

sU# 2.5 nszurumisatinmesss

dvnnvinswasutagueathansiedeunnlangiduanfifidnusduauiuilin
Tolinlusyuu Adadamesssazlianansayiliiinnisiaunsa (Discharge) unandudulooauls
wpuuiuivestan liannsoinszudlniilfudannsowdsunaianisdeuunsauluih
Huwuu ansien Tiadea (RF Voltage) wnufiasidu #dlad (DC Voltage) da5andndomn
915 1o lalen almnes3s (RF Diode Sputtering) THudmiu Yanihansiedeudu awiu
vielsiililuwindu Tassadasewing 38 way endiew adlmaosTadegui 2.6

Vacuum Vacuum
Chamber chamher

__|
Substrate Amde”__
Sputter Vacuum \.5% :
Gas,_ Sputter - Vacuum
] | H Gas . Tareet "_

= High Voltage RF - Power

DC-Diode RF-Diode

JUN 2.6 Iseainesyu A3 wag onflevl adnneois

wunilnsoualninos3s (Magnetron  Sputtering)  vine1ulago1ABaULLILKAN
(Magnetic Field) Nfasalivudaualng Fedninsuiuiuianedagdiansniou Welinlngs
fay159 (Glow Discharge) Uauiantvesian i auruwimanasyili Sidnnseud
@ A & = . . a A
anwaizn1singeunyulunde (Cyclonical Motion) lngnsinansueislaasvesdlannsoud



vaudundeninnisaziinisindoudl lnedianausivesnisindeoud uasfinmiamuuuives
ExB  auuwimin andusidivuamafuvesdidnnsousguiinudideans deavaieli
Andnsnissuvesdidnasoutuluanafie Iiiidgeduuenaindauuudndnluszuy
wininseuadmnesseiu Suefiuanumuiuiuvematasn (Plasma Density) d@swaliiiin
anumuuiunsinadsuresnszualni idaualnauutagitansiadeouifiuanndu vinls
UsgAnsnmuazdnsinmafinatamesiivuinvestandainadou ivgedu  Tassads
uunilnseuaiinmesiefegud 2.7 [7)

Vacuum Vacuum
"—""_ﬂ 5—___'£Chaﬂilﬁr z J‘Chamher
B A I-L
M Y P: plasma
.S - E T T: tal‘get
- Bam: M: magnet
K y — e E: electric field
i B: magnetic field
~ —High Volta — SM: solenoid
gh Voliage High Voltage magnet
Cylindrical Magnetron Planar Hagnatmu

SUN 2.7 Iassaiauuniinseu alnmedse

lopou-Uu atdnnoisa (lon Beam Sputtering) luszuuvasmsindifavisa luana
Fragnadmmesss TnemsBsduasluifagiransiedou Tasuvdsdendsaulossy  (lon
Source) flfnszuangsening 10 f9 500 mA findssulesey fd1 05 A 2.5 KV shawdl
mnufuayaINA 1x10° vied

2.2 Gaulvvasnisilsitaynaduiauuns

nstlaivassymaliiAnfiduualeediuannazldinatianissive  (Evaporation)
m3adanosds uay nasvrunmamaad TassssuminisiliveseymaaziuogiuAiius
yoesilada asamiadng1nsileda (Deposition Rate) gampiivesianidosnisiadou uiln
vos¥aniifesninaie war Anuduussena wsinmsilviveseyni lmanafaludy
ussenma fandunsfefidns Tnsufisonsietuiiduuafennmsssmevesiagii
AOINTATRU ¥3R N1suankar lanavesfiny Agluusseinia wu Wduves senlen
lave finan Uisensenindane fufig eendiau Insdlinesvesnsilitayninves
§199114°) LLaméﬁ’quﬁ 2.8 7]
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15897090 UNIAYRIHANUNNNTANIINGNTINTATWENUI9(Growth Rate) 210
a A PN & . . a o &
N ug NIAFDUNYINTY (Kinetic Theory of Gas) Ha@UN1TAIU

1

Ny = 3.5 x 1022p, (%)2 (2.1)

1
m, = 5.8 x 107%p, (5)° (2.2)
Toedi
Do PO AUAUAY (torT)

M Fe uwitinvesluanaing

T @®

®

amvniives luanafieliianisseve

e o

io

m, fe Uminvedidnaseuiinnasuuiiuiagdiasindeu

awesluanaauangniasuuianidesnisniou lngliinsngaeenunazii

£

Tnldsnsnsasreiduurstianduannisasdl

N[

po(2)
D = 5.8 X 1OSTT (2.3)
e

p A9 ANUKUILUUTRIHALUNS

lunszurunsidauseuunldvinlitandiansinfoussive dauninazyineud
a o [T & val | Y a YY) o & = %
gaungiidwiuiannidulane lilidgeanaeuazarglndlfesiviagmindudaisiafeu s

3 Y q
A

JUT 2.8 [7] Hauanatinaaudfvessiniasustanduleladmiudnsinmsiladivesaynia

Y

(Deposition Rate) fgun1sassaluil

R =aexp (kiTe) (2.4)

Tnen

R @® 9n31N15EledvaseYNIA

R

Ao AgauniintesNandmsunisasieilduuig

A9 WaINUNEEIrsUNITas TN UaTmuduNuSTuRaulunsElas
VBIBUNALALANAUTRVDINGN
& dl = o a ) -1 -1
k @9 Aspsiiveaiie davinnu 8.31 JK mol

R

S o3
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2.3 n1shavnsaniglufne

a

AelUNaANIYEINTUNITAEYISIALSINUNTBENEA MUNISAFVNS NI BL58NDNBEN4

q
£%

11 LUNANIAEYI59 (Breakdown Discharge) agilgunisaail

Ve=a [ﬁ] (2.5)
Tned

p A9 AUAUTDIAY

[ fe szezvasenineindidninge

a Ao e

b #e Aasi

AMUFLNUGTENIN LWsnanlaadna Vs tag ANURuuesing p 136031 Pachen’s
Law fidnwaglaemiluasgun 2.9 iuaussiuusnaniidesiaaiiasavitliinns
WANAD B ANYIAINUAUNIY Py [10]

3000 —

2000 —

1000 —

Sparking Voltage (V)

0 | | |
1072 1071 Pm 1 10

Gas Pressure (torr)

JUN 2.9 AUALTUSYRILTTLIUINAT AU AuRuYesientelugIne

WiatinnsRaYnsasuAuTusEniIANduieiduauradelnfiusgenseua
MTINIAUAIUNIUEGS (High-Impedance)  Lilasanegnielaniiuduanyinialagnis
farnsaaguusiununseualitlunisiawisa (Current Discharge)

d‘ a & a 1 é 1 2 & a 6 [l

nszuaRausafiaeingy 0.1 mA/cm” mslnddavsavzegluluun Townsend
Discharge  flanwaustlunsyuaneiiosdiAnszuatosunaueaayldannsasnwanimentd
1gi(Non-Self Sustain) leeeuuingnasraduusalnatiuelun [t wILanTuaialaty
Foriruarsudilunguuesuszquiniu
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= a ¢ a1 i 2 a S .
nszuafavsadAngndt 0.1 mA/ecm” agfianisisesias (Luminous Glow)

[

a
7
Ushadlnatavesalng laesendiuilin Glow Discharge @adanansenulaensaiunguusey
UINTARYY
A a v a . a1 o =~ 1 &
MUSEAYNeueinIaiin  Glow Discharge nszuadzlAien  JuleadiuiTauas
ATOUAGUUUNIVDITILALNA L58ndI1i31 Normal Glow Discharge LilabiaiAanuuwiuyes
NELageluazy AAAN1TT0aIATOUARUYILAINATIIVIATINLT 1Sendiuilin Abnormal
. a4 a X i 2 o va & [
Glow Discharge nszuafiisdugend1 0.1 mA/cm” finalvididnnseunaneenineglagseu

[%
{ Y

Trvowuelne Fafnmamemlszgeenidduelnauasuelundu
2.4 nszurunslessluiydu

nszuaunslonsluedu (onization Process) lTufwfaviiaasddnuausdall 929
Suduvesnishawisa Bidnasoudasediegaisluauiuluiinseninedaluiingnissing
aunlyliuaziilondsnuvesdidnnseuiidmniiunimdsnulossluwduvesluiana i
dinmseuiivuivuluanafie azannsavilvdidnaseululianavesfievgasenls deviili
Tuanatiuegluanimiulessuuin leseuvinitintuazgniagelsidlusudriuiadumdn
yoswiuinadou vhlididnasoudiuiiaomanoonumisugdulessuventansindiou 3
didnnsouiivgreoninfagiufizerlesslueduluawdnduiginsludesy Wenszua
favisaiaingt 107 wesd avilvimdssnlifismedniunslossluwdudsguil 2.10
[11] Jauanslisiuinnszuadesiidlifoondn 10 uesd FsaziAananauls

L Glow

e o R e m e = === - -

10

10°% [—

Corona
-m-e B L e ke

Townsend Discharge

Discharge Current (A}

Discharge Voltage

JUN 2.10 uwisdnuazvasialulnunseiiianisaaisaniy
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2.5 7% alanasie

52Ut allamesss Usznaudousiudaliil 2 42 duniadudaualng (Cathode)
wagBndunilufuiauelun (Anode) SsfuitviliAnnanaundusgsuuuresdaualnadegn
e Tanuth (Target Material) waduasvasTangithazgnazuneanudousieth diutan
fifasnandeuiia (Substrate) avaguudavowuelun Wanglunszuenaganimgnifudie
fnwe13neu (Argon gas) 71 0.1 nes waziAnlifiussgmaneilaladneludagnsiooynsaly
fusduniua 1-10 Alalevia vhldAnussuifenussriaesin WugaSusureinis
{Anlndfavisa (Glow Discharge) dansuszquesenineulugulnddauisa azgnislvivuiy
SaquihditaualnaiieliAnnsatmmesiftuTag sliussquostanithmanoonunileiag
vuTaniifesnisedeuiiliAnduiiduiu

Tuszuudd adamesss msadmnosveseymaiinnsvuiudiuluianaves iouas
Tuignazgnunseenliasuuianiifesnmaiadeuinneldmiufufeiguazszoznisiadou
fmesUsyafilinuiuouniadu (Vean free path) vesnisatinmostasnirsyezsinetallin

Sunueymaiidasuuiagainnisatawmesidunui W aunisdl [12]

kWy

W = (2.6)
pl
way 9m351n1589dn R Swaendu nm/s faunisaadl
w
R = T (2.7

Tnen

'
= 1 =

ki A8 A1AINveY Stoichiometrical

'
[ I

W, @® mmwaaaqmwaanmn%’aLLﬂI‘mm

R

p Ao AuAuie (torr)
l A9 SLULMINTENINTAINALALTILDLUA (Mmm)

t Ao nailunisatames (sec)
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[

Puneynavassalamesanualng W, daunisesil

Wwo = (&)st(%) (2.8)

I
. & [ 1 gj 2
j+ Ao Ansshanurukiuveslossuuutalng (A/m’)
A 1 a a
e  fAB ANUTEYURIBLENATOU (O)
S fe Usmavesnsatawes (Sputter Yield)
A fe muminezseuvesianiignadames @amu)
N  fe a3 ozlanila (Avogadro’s number)
2.6 WaAEUN

ganslaevaly uuseanloilu 3 @auz loun anuzveuds veumad waz Y us
wanaunanlaindu anuzaasi 4 Magun 2.11 anngvesmataniingin anniziifiein
mauands Usenausme Bianmseu lessu waveyniavesfing lneiusamgiilviiuisely
So8 ueuuglias o Amiaey ssviiimetunaeilunaian ludadiuivinliusyyans
< & o 1% = <
Juaud ihlinanaudanimdunaranialii

- AAGaL AEaL Avsau .
UBILLUN — ADLUAD — — WANANN
WA a9 N

JUN 2.11 anuzvesaans

puMATBINANANNNFINTTRenYA1ATFuLazFY 1FunindungAnsTusy
(Collective behavion) iilesanwananegluaniuzauna fdsguil 2.12 [9] ilsuszquanuas
Uszgaumiogidungudnuaradnongufing Wedrvauwliiihlaorufeiidunans ndany
wdshuluddidnnseudaseyil ldnnseuldsundanuiiinanedadhvuiuoznouvesing
yiliBidnnsounanoaniinegnenvesfieifudidnasoudass nssvaunistiionds
nszurumsunndudulessu Suinlididnnseudivaneenunifiuannduau fsunndady
wanaluiign
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JUN 2.12 mswndeunivesiessulunaaunfaniusauna

nmsiananauluiesayminia Gaiinglnaniulupudunaiuingerneuvesing

o
[ a

Tugagyinia a1den15vuvedidnnsoudasy lneaduingusendululasnviindingg

7]
<

Sanmsoulnindsuaadlusuivernoureefiig TasNnduaativesdanasauilauInnI
wasuleeauluwdy fagui 2.13 [9]

1 Electrode
+
ze o

JUN 2.13 wanauninduniglunssuenayginie

2.6 aaululasian

=

maululasi felaindumduudindnluin (Electromagnetic waves or EM) il

'
a

druuszuenves adulni waz pduudingn Miguasaindu daguin 2.14 [13] laefl uas
mueatiu (Visible light) Al mduuimanlnin sfauils fnnueedulugae 400-700

1 d' IS d‘ 1 a a = a
wiluung druraulalasnn danusnraulugis 1 Jadwns 9 10 WURWLAS
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10 nm -+
10 nm + g
a8
10 nm =
e
10 nm -
10 nm 4 4
A
10 nm | £
=2
1nm - B 400 nm |
p  Saddeanhiloie m
10 nm | v,
t., v
100 . - T
-
_ 10 nm = | pm + T mam
k- I | au
= g o
g 10 pm = wmhHmmR Y
= uay
[~ 100 pm -
™ H 1— 700 nm
400 nm E Fadihatum
=4
£
1000 JIm = | mm =
=
-5 ¥
10 mm = 1 cm + z
10 ¢m +
100 ¢m = Im +-
nom -+
g
100m -4 .:5
4
1000 m = 1 km <+
100 km +

U7 2 18 wiipvesmduunimantiih

Inenmdululasivazndeuiidudmse lneinainnisaziou deitu vie gandu laefidle

[y

Huiinans ddnandidnwasidulane azaunsoazviounauld uaziagluelane wu
uia nszawwaznanafnazeeulindululasniiuliuisd widianidundn fing vie
v Ao & = 9 v & a o a & ¥

Tannianuruazgandundsnunnlulasinliveun lneindinuasivisuduaiuseu
wnu Inensdeiuadululasimity agduvioiindu (Waveguide) [14] Tnefiguuuunisiin
mauluviataau 2 sUkuY Ao sUkuvauuliiindnuine (Transverse electric wave : TE) &4
Juguuvuilufiauulwihludianisunsnszaneveandu laefiauiuliivedainduie
NNNTUNTVDIAFULAL JURUUAUNLLIWENAAYING (Transverse magnetic wave : TM)

Snwazldfauuniindnluiieniinisnszatevesndu lasnauiunlimdnazdeainiuia

719NN VDIAAY é’dg‘d‘ﬁ 2.15
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Electric field
Magnetic field

JUT 2 15 anwarvesauuwivanuasauuliiisseiniu

A i @ a a o = w [ 1o I~ ¥ LY Y] = ) v
AdukLan AL AnanNsmReu T ukazNuldsludesandasinatsaualy F9vinla
tﬂ' dl a =K 1 % = '8 1 a =
ﬂau‘wLmumﬂuq@mwmﬂmmwﬁa USZUUYINAUAMULSIVDIET AD 310 LUATHADIUN
[ @ P 1 I3 [
WNUORT S IveIAAUIAan NN [15] feaunis

C=Af (2.6)

Tnen
Y] { ' -8
C fe dnsusrvesraundvaniaiy (3x10° m/s)
A A9 AueAau (m)

f fo Aanudvespdu (Hz)

TAgNEIUITAMIAMULIIAAULANNANNITN 2.6 L INBU I UAILIUNMIAIAINNEIVDINTLUDN

gy nAdnsuLslowuug
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(SN

UN

AswauasaslulasnfdaUnnasse

NAdelatuiinsfinnnssuiumsiedeuiiduuisasuuian  eenisuesdalady
AN49 NlNaNIZNUADNISIAATANUNN F9ARIININ1TTIaINTEUIUNSIARUNALUINlAEAIT
AU wneenuuuiteasuaIasedmsuneassiemnudululalunisaunuiunys
et liauUssendlddmsunisusuledagiidanuvuniu way iWasuwlasnuaudfln
ddy ! LY N v IS LY b4 :.’/ IS 1
Avusaly Tnsordetangimnlanmelulssmanay wasiisaUsenda wiaunsanudanguly
nsanLlatuasUsuildsumuanuuzn1sneasd laelinstuneunisgfimeluil

3.1 Tassedeiugudmiunseanuuuiniaslulasionidainnesss

wsoslalasinligadnmesss Ussneussdiudfymansdiu Ssnsnnasiiisedos
sonuuvluusiazduiiosfinvaualumamasadlildmuinguszasiiediu Inefidideldu
ooy 5 daundn Ferelud

3.1.1 YANSEUBNFAINIAAN (Main chamber)

udrundndmiunmsmeaes Janglulszneudie yatanthaisiedeu yniand
Fosnsiadiey wa yaisluuuuddmiuadululasim

3.1.2 szuudngliiingaas (High voltage power supply system)

Dudwdreidslninliygaithansiedouuasyniagidesnsindouiiieissdidnnseu
Tiswuifuayniaveseninewindugadufunssuiunsiadeufiduuisiu

3.1.3 szuvgIne (Vacuum system)

Judwiilrdlasaivdnddnvusduayaimaiioldlunmeassnsiadeu
Hauus wanduladendndmsuardudslunszuunisindeufidude

3.1.4 sruudeaaulilasia (Microwave supply system)

iefnwinszuiunsuasdnwaugiuasunlasdmiumsiiSeuiisuiuimailafid
alanesie lngadaululasnvagiliiAndnsnisvuiuseninseyniavesiagasitaiu
punATesanouiindy TneifusrozmaiunisosBidnasou (Mean free path) vl
Lﬁﬂuﬁﬁ%mmﬁﬁuumﬂﬁu

3.1.5 szuuUinee15nau (Argon supply system)

AwerfnoudutlafendnliAnnszuiunandouiian Welwaunulviiuunamn
uifnwer$nou dudufeiilunans uazndanudslusadidnnsoudaszannwoasyinle
dianaseudaszyuiveznouvesfinguasyinlidiannseungaesnul yiliAan1suAnNAIes
Usz9ee19miad wagsildidnaseufiudnauednni Uiinafwerfneudaiuiade
vilhlrAnnsuandvesfnauaznanetdunaian
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gUnsalutazdiugnusznoudndedufeguil 3.1 dulasadmdnaggnindilu 2
AU PUANLAZAIUUL a'aué’ma'wwsL%amiaﬁvsswqmiywmﬂLLasszUU"LWﬁWLLiqqqﬁm%’U
Freussrulalfiladalalih dauduuuesdoudetussuululasnnuazsyuude feerineu
Imaﬁdaué’muuLLazé"mfm%QﬂL%auamﬁ’uﬁawﬁflLLUauLLazﬁaﬂgLLaz womduindadu
wiiltdmiunsasu Yanhuas aniideansindeu

wraAwlA AL

2} = 'S
LULUAS TAT LU

ANFNaU

ST
TR L39g9

X

L A A AA AR

gadanfifiasnisndeu

L3
ninam

JUT 3.1 Tassasveamsesiiananauilulasin Agadamess

3.2 YANTLUBNFYYINANEN

nszuanayeInianan Wudulszneunand wiunuidetuiidesnnniludiuisies
iBunuiluneaeulasfAnwingfinssun1sidsuwlassngdmiunssuiunsnfouilay
U9 Fadlnanniseentuusaluil

3.2.1 Roulun15eeniuuyanssuanaaaInIAnan

A

Tudruidudumseonuuuiiudidsldimuaun Jununnaes (Sample) lddmsu
\Wufaniidiosnisiadieu  (Substrate) Taslsifvunadurinugudnaisvuia 50  fadiuns
dlesnaddeilfiiednumindu Seldsndudeddfivunlug warilaunuildidu
3 fadwas mzmshlufaie faauuvestuiiuienitunuiteaamunmn Tngld
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ﬂﬂiwmaaumaﬂﬂﬁaﬂﬁ;amiﬂﬁﬁLﬁﬂmauLL‘U‘Uﬁ'aﬂﬂi’lﬂ (Scanning Electron Microscope
SEM )
nasantuiITelavesdstedndntudiuves yadandrasindiou (Target set) lag

[ A

Unfdluszuudd allawmesss yatandiansiedeuazgninsuiuiugadanfidesnisindeu

9

A v a a Y] & a Y] A v a 1Y
Weliaynieveatharsindsuiiinlenialunisiladasuunuiivesianiidesnisiedeulauin
X ] aay a Y] a v A & 1 oV v
U ualunsaindesnisiindadelunssviundevlneldaaululasiw duldaiuisavinla
Wewnn dyadasiransinioursvinnuusnumsiiuesnauinlvrdulalasnlidanunsa
aanUEiusenIg wWhanswdeunayianideansadeuld fideddlddnyiisnseenwuulay
$71949991N91U98909 Tengcai Ma ,Xinlu Deng Wengi Lu Wag Jialiang Zhang [3] \Ju
NuiTELAgIfunsUIsuisuauansalunisiedeuilauueves wala wuadnseu
alnnesss (Magnetron Sputtering) wag uuninseuatdnnesss didnaseululrnansou 1s
louuud (Magnetron Sputtering with ECR) lneiimsldmaululasiim wazlinnsinnsynian

= 1% v I3 | 1 1 Y P
Whansiedeulinsanansidnwasduurieeiegsening nssuengaaInia 2 4n fagui 3.2

S

o |
°
°
]
hd
o
.
oy
°
°
°
°

JUN 3.2 MIoenwuulATadluaiideues Tengcai Ma wagany

WAz91WIBYDY C.P Lungu Lag Klwasaki [16] %Qﬁﬂmﬁaé’ﬂwmsgﬂiwLLazﬂﬁams
Wananaulaomaia 74 alanesss didnasoulslaanseu 1slauuud (DC Sputtering ECR)
8N WL INITRONLUUIATEY ﬁqgﬂﬁ 33 Ipeildnwarnisiadiuutiressningios
annevaniunszuenislanuud laslvadululasivanunssdiunans ﬁ@ﬁu@%’&lﬁ

sonuuugaasindeulifidnvasuuseanilu 2 yalagfnadsuuiudisweanianszuen
AUUINIANEN M9 RTuLLIgTvuIn 817 80 HadlAT N1 30 Taduns kazininunun

CRET AR
a a

3 UARLUAT
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= 3-dimensional stage
Optical multichannel
Optfical fiber ~ plic chann

analyzer

JUN 3.3 Msoenwuulsadluaidevas CP Lungu uag Kiwasaki

WeaeandTuinsvesnssuenagyyinainanenaluasegyainiantslunssuen
anananIvividvualuguinlilanszastuiveseenuuulaemddsnuaudives

[l 35N

1 < [

U9 3.5 Wudunuasanlididuteulandnlunuidedl

. :50

(2]

!

wagyManiley aglasuuarvuinvesianiuagianiidenisindouinassisguil 3.4 uas
3.

€aN

9

(N).3UAVDITUN UV AANARIN TR auLTuLHAnna1 | Sady siia 304

&
e 80

—

@).vuatuanuiandidmiundou unowuns

UM 3.4 aunedanidhansiedeunas Tanddmiunieu
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v Aw

(n).Funudmsuianfideansiadouwiumanndilsaiy via 304

(). Funudwmsuiaadiansiadou neauns

JUT 3.5 vwnfunuassdmiuiaginenisindeunas Taaidasiafey

9 9

3.2.2 1A59a319909N 5L UBNAYYINA
duvesnszuangyaINAmdnUsznaume 4 dufe yaiandhaisiadey yaiagi
AOINTISIARBY YANTUaNLlgluLd wavyansruanayyInadniuussyyaiiaisiaiey
uarfanfisoamaiadeulnemseanuuuaziiuesnuumuiouludowiurou fe yatani
asiadouuazn Tanidosnaindoussil
3.2.2.1 Yy ianidosnsiadou
yafaniideanmsindeuidugaiieanuuulisessutagidiosnisindeulnefianuasy
\unuses annmdnndnl¥ady viin 304 (Stainless Steel : $S304) fi&nuazidudeh
ol dWeserdeutunsndlussuulineliAannimalwihsevinsdaualnadldiduTandh
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Y =

ansmdeusazueluniugauruianideinisiadou Jeudsdiuuszneudu 4 di dagy
3.6

o | ® 50 |
P ~ qnsasiunHuTAaM
e " A==l . u
HEUIRANNITLAADL AAYNITLARAL
[Ts]
g 3 212 | e
WNUFUTTALAINGS
o D15
-0
|
| @ 80
31U
49
!__ P00 __!
=

v Ay

(M).vAYBIYATANTIABINTIARDY

qnidawsielniin ?

v Aw

(). 3Ulelawmsnvesynaniidesnisindiou

v Ay

U 3.6 sUlassaisveayausuianinenisiafey
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Ynsessutanideinisiadeuriainiagmanndilsaidy auiaduniugudnaty 56

q
a

fiadims g¢ 56 Tadwmsuaziiununarsnadsvuiadusinugudnans 19 fadwns T9aideuse
Tl auadurtuaug 3 Jadwns uagend 15 Tadwuns drugiusasiaiuiuseduauayi
nlnderdiia (Polyacetel : POM) flvwialdurtuAudnana 100 Tadiunsuas 80 dadiuns
ALEIRAY

3.2.2.2 yadagvdiansiadeu

Lﬂuﬂgmé’m%’uamﬁﬁa@Lﬂwa’mﬂﬁau%wszﬂauagiuu%’waaLLﬂIm%aLﬂ?ﬁamaﬁu
usaullsihnssuansaussgednuaulnederudiiuiaiuieunislugaanthansindoudivi
nnesuastadonlitheaivniinesuniinisszuisanudeulddniunanndliaiy uas
munufeuldgenitegiiden (Aluminum) iesintagiharsedeutiudosauisasessu
msruUuthuiIves endnaufefendinugs TuilviAneufeuaray uazenavinlvis
Faguhanswmdeuinnisuanila sumamLﬂwaﬁl,ﬂaamumﬂamuﬁmmmﬂumummmaﬂ
Al e 2 9a lneflazfauiuiunanssviniiwesnsruengnaniauasyntan
Whansiedeuiflesandeaiunisdniensainind msgindnduarlasaiisveanszuen
qagﬁmmﬂﬁ?uéfawiaL%@:uﬁ’umnﬁ%qﬁimaa%’wé’qgﬂﬁ 3%

AUIUNIANANEIEIANIT

R By I

10d
88

1 o v A
LLNu’J'&ﬂLﬂ’]’&’Wi‘Lﬂ@‘ﬂU

|r‘1—r———————————1—r—q

TATTLNEANTEY
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(M. vwnvegaaadiansiadeu
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(@).3Ulelawmsnvesgndandansiadeu

sUN 3.7 gulaseainsvesyaianididesnisiafey

Tnefidauuszneuntadu 3 dm fo uwiuianasidseansadsudulansaiingu
lpawia nd1e 30 Tadwms 813 80 Tadwms wazdlanuvn 3 Tadwns Uszneudiy
gusesiifuimnszusanufouressiutanihasiafeuiidnune Wunsinssuenidoufn
agfiuuiusesiuiantharsiafovivwaniniy mundulugwinihen POM deudiiuen
ﬁiaﬁuLLr;JuLi’]']msmﬁaUL%auamﬁ’umﬁqﬁm%mmizuaﬂngzgwmﬁ ﬁqgﬂﬁ 3.8

(n).sunihvesiandiansiadeu
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(@). iutvesiagdasinieu

JUN 3.8 yadandansiadeuniassniglunsyuanayainiavean

3.2.2.3 lnssasnanseuengyamadmsuyaslowuuduesnaululas

Xz . Adoguw A =~ Y a ¢

diliuduhirdululasanausnainvasauuninsouuatinnises e uud
Huagldiduruaudnansil 150 Zadwns 91naun1si 2.6 € = Af Fldnnuenaauwun
122 fiafuns WesrervaIN1sIiwtmasnawuninsoudnussanas 30 Taduns viliiin

¢ o =~ & L &g e v
nsislowuud Aadudlulasian 2.45 GHz insigazuuiteaniuunsyuanaduilvitiduNiy
AugNaaN 130 Tadiuns 1A1NEe 170 Tadiuns wagvun 3 Tadkuns Weeain deanishy
Fagfawnsanilanielulszma uaziwiensihuvszendld {Ideiudonldviowdnndnls
atly Ywaduiuaudngnd 130 Tadwns ZullvunalnalAes 150 Tadwnsian niounsiiyn
WowsouszuuTeingesneu wag 1alannudugyyIneBniig FuuuanTeInITUDn
g InAgnAnAsensrantalinunIuduRIugudnas 120 Tadwuns v 10 dadiuns
- < ! o dl' = tai a Svy. 5 v el' =
waluvesheiululasinaunanraeauuninseunigniasalidiuuunieiagun 3.9 &
wuansdeuduUsEnouNely nszuangy N
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SECTIOM B-B SECTIOM C-C
SCALE T &5 SCALET -5
(0).3UAAYI U (A).3UAAYIN AU

Y

JUN 3.12 gUdimvenglunssusnaayainiavan

3.3 sTUUgINTA
3.3.1 NMIDALUUTLUUEYINA

PNUIIANY) NUTTAUANLAUAYINIAluNISITwella ATallamesseiudiu

9
)

Ingjavegluseeu 10°-10" wes [17] LWiwazuuam%’Umuﬁ’sﬁﬁqLﬁ@ﬂi‘é’fﬁsﬁuq@mmﬂﬁ
hjgﬂmﬂ%ﬂLﬁaﬂiﬁﬁlﬁ%"aqquqmmﬂmmwuiwﬁ (Rotary pump) ¥839U3¥M Alcatel Ju Pascal
20051 da5Uit 3.13 Wty 2 320 Bedidnsnisguennia 5.4 gnunadiuns de Falus (m/ h)
V3o Uszanal 8333 ans sle unil fimnuiEiseu 1,500 sousiewdt faguil 3.14 1Humas
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venanantRvesty N8198snalevesindn uay JU7 3.15 Wunsmluansendinizaesdy
Y} v -2 s
aasnanANAUAYYINAaLlaUTEIN Ussanne 10 ves

9

gl

Q‘H"w‘m

sUt 3.13 T Alcatel $u 20051

AUSIvestufansagaeInImIINnITUeNay e InIAruIalaINaLNIs

_ F xV

T 3.1
S (3.1)

Tnedi

A9 LA UNSUNRINIVUA
& 2 Y 3

A ANILSITN (m” h)

Ao USUIMSAINVBINIYULAYAYINIANTOTLUY (m)

A

m< on -

fio Andumzvesty (Pump down factor) Asgufi 3.10
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Two-stage pumps

34

@

' a
U Tams

da ey
naanld
20211
50 | 60
2
1500 | 1800
207 | 248
14.6
165 | 20
11.8
0.98
7 7
7.102 | 7.102
90 90
28 (62)

Characteristics Unit I 20101 20151
Frequency Hz s0 | 60 50 | 60
Murnber of stages | 2 P
Rotation spead tr/mn 1500 | 1800 I 1500 | 1800 | 1500 | 1800
Nominal flow rate m3h 5.4 6.5 9.7 11.6 15 18
cfm 3z |l 6.8 106
m/h 48 5.7 85 10.2 12.5 15
Flow rate Pneurop method om 34 I 6 ag
Partial ultimate pressure* Torr/mbar | 7.5¢10°% / 1x10*
with A120 oil Pa [ x107
Ultimate pressure Torr/mbar 1.5x103 / 2x1073
with gas ballast closed Pa | 2x101
Ultimate pressure Tarr/mbar 7.5x103 / 1x102
with gas ballast open Pa l 1
Oil capacity | 083 I 0.95 0.95
Maximum water vapour pumping mbar 35 25 20 15 12 10
capacity (Ballast flowrate 1.1 m3/h) Pa 35.102 | 25.102 IZO.'IO2 15.102 | 12102 | 1103
Water vapour pumping capacity g/h 120 110 I 125 100 110 100
Weight (pump + motor)** kg (Ibs) 25 (55) 26 (57) 27 (59.5)
Inlet and exhaust end fittings — e DN 25 ISO-KF
ldl U 2 a o
JUN 3.14 aauanwauyJuvesuien Alcatel
760
Pressure (torr)
100
10
1.0
0.1 Single stage pump
Two stages
0.01
0 2 4 678 10 12 14 16 18 20

U

Pumpdown factor (F)

3.15 nmlnansA1dwzeaaly (Pump down factor) ¥83U5Ew Alcatel




35
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szuubinszuansassiuaduanuidedgnuitesniliu 2 yade yadrelidmsu
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FEAUAYINATIY ALY (torr)
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2 2.2x10"
a 1.3x10
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8 9.2 x10°
10 83 x10"
12 7.0x10°
14 7.0x10°
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38 55x%10°
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PLERNY Tain wssauluivl (v) a1 (min) adulalasian (W)
1 SS 304 500 5 -
2 SS 304 500 10 -
3 SS 304 500 15 -
4 SS 304 800 5 -
5 SS 304 800 10 -
6 SS 304 800 i1k -
7 SS 304 500 5 700 W
8 SS 304 500 10 700 W
9 SS 304 500 15 700 W
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30 250 600 200
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270 250 400 100
300 300 200 300
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W38 71 800 V

L5964 91 500 V (Microwave)

0 500 800
30 350 500
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90 250 400
120 400 700
150 300 500
180 450 750
210 250 400
240 400 600
270 250 550
300 350 650
330 150 500
360 400 600
390 200 400
420 400 550
450 300 400
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LuasgunIseankuuIzuudyIn1A (ISO Standard)
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MNOIUIEN MDC Vacuum Limited
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ED KF dgnemicly

Features
Fast connect and disconnect

J14L (1.4301) Sminless steel Fttings
All=meal aluminium damps
Witon® Qering bakembie o 150°C

Single weng nut closure

n BED commatile

Specifications
Material

Reimgs 34 faires seeTIG welded
Clarmps Aumirium
Eardard O-rings Do Pont'vino e fuorosl astomer

Waruum Oirirg compression by uniform pressure applician
around the 157 outer fange surfosg

Flanges EC standard dmersions 2507 romshle
Four standard fange sizes for use with four wbe sizes

Tube bore shoes IT7 058 220, 38 and 30mm
Masdmum temperature i
Companents Fes_smable ard i rierchanigeahl e with ater (20

drmergion companers of te @me size

[ el PO, SRR UM TGS SRR 1 ArperEcne u assardng o2
awadaliiny

Y

UHY Series

150 KF

Tpical irsmllazion

Carering ring

Bulikhead clamp
Trpical iremllazian

JUN 0. 1 gduuulumsiwenwessienthuyauuazauau R




Inch-metric ISO comparison

ISO KF vacuum systems employ components with metric interface
dimensions which have been defined by the International Standards
Organisation (ISO).This ensures a high degree of compatibility
between components obtained from different sources. MDC
Vacuum ISO KF are compatible with Klein Flange (KF) types.

Use ISO KF for tube sizes DN16 to DN50.

Our standard range of KF flanges and fittings are manufactured
from 304 (1.4301) stainless steel.

ISO KF constitutes an economical system of reusable interfacing
stainless steel vacuum fittings and components for 19.1, 25.4, 38.1
and 50.8mm OD tubing. Assemblies are usable to 10® mbar.
Maximum temperature for sustained use is 150°C. They are ideal
for vacuum systems requiring regular assembly and disassembly.

Each vacuum seal is made by compression of an O-ring on a
centring ring between mating flanges. The seal is made in seconds
by finger-closure of a wing nut on the all-metal hinged aluminium
clamp.

The ISO KF family of modular building block components includes

Tube OD MDC Vacuum Nominal tube ID
inches reference 1so mm all commonly used standard fittings, feedthroughs and accessories.
075 Kl6 DNI6KF 16 Reducing flanges are available to connect different size components.
1.00 K25 DN25KF 25 Mating flanges are offered to interface with pipe and other flange
1.50 K40 DN40KF 40 systems including LF and CF.
2.00 K50 DNSOKF 50
250 L63 DNG63LF 63.5
400 L100 DNI00LF 102
6,00 L160 DNI60LF 153
800 1200 DN200LF 212
1000 1250 DN250LF 254
12.75 1320 DN320LF 316
16.00 L400 DN400LF 400
2000 L500 DNS5O00LF 500
Dimensions with ISO industry cross-references
i)
g 1
N i~ Eaghs {
157 ™™ 15° '] -
25 4[ I\ 25 j ! j T 25
— g | |t el e
122 30 17 30 _zsiz 40 522
30 = = 30 = = =
30 == Laza% 1
30 =] =
DNIOKF DNI6KF DN25KF DN40KF DNS50KF

MDC Vacuum reserves the right to substitute a larger-bore tube according to availability

JUN n. 2 ywnveiulau
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Centring rings

Features

Standard ring mates ISO KF of equal size

Adaptor ring mates ISO KF of unequal size

n
® Includes elastomer O-ring
u

Stainless steel or aluminium construction

Aluminium Viton® O-ring
® Maximum bakeout temperature 200°C
m Sustained use to 150°C

= Aluminium

Aluminium Buna-N°® O-ring
m Maximum bakeout temperature 100°C
= Sustained use to 80°C

= Aluminium

Stainless steel Viton® O-ring
= Maximum bakeout temperature 200°C
m Sustained use to 150°C

® Stainless steel

Stainless steel silicone O-ring

m For use in corrosive environments where

silicone is acceptable
Maximum bakeout temperature 200°C
Sustained use to 150°C

Stainless steel

Adaptor rings

m Viton® O-ring

m Maximum bakeout temperature 200°C
m Sustained use to 150°C
[

Stainless steel

U

=b.

— @53 — @53
il -
T
A A (e} - B
Y | Y
&
-— — g -— — g

Centring ring assemblies are placed between two ISO flanges with matching outer
diameters. The widest portion of the centring ring rests inside a capture groove on the
flange and the O-ring rests on the flat polished surface outside the capture groove. On a
blank flange, the groove seen on the face of a flange is the capture groove, with the O-ring
making contact with this flange face just outside the groove.

Part
KF Flange A Reference number & €
DNI6KF 16 KI16-CRA 7710013 2 R
DN25KF 25 K25-CRA 7710014 2 3
DN40KF 40 K40-CRA 7710015 3 S
DNS5OKF 50 K50-CRA 7710016 5 8
Part
KF Flange A Reference number £ €
DNI6KF 16 K16-CRAB 7710017 | 2
DN25KF 25 K25-CRAB 7710018 2 3
DNA40KF 40 K40-CRAB 7710019 2 3
DN50KF 50 K50-CRAB 7710020 2 3
Part
KF Flange A Reference number £ €
DNI6KF 16 K16-CR 7710000 2 4
DN25KF 25 K25-CR 7710001 3 5
DNA40KF 40 K40-CR 7710002 3 >
DNSOKF 50 K50-CR 7710003 5 8
Part
KF Flange A Reference number £ €
DNI6KF 16 K16-CRS 7710021 4 6
DN25KF 25 K25-CRS 7710022 6 9
DNA40KF 40 K40-CRS 7710023 8 12
DNS5OKF 50 K50-CRS 7710024 10 15
Part
KF Flange A B c Reference number £ €
DN 6KF-10KF 17 12 10 K16-10-CR 7710010 4 6
DN25KF-20KF 26 2 20 K25-20-CR 7710011 6 8
DNA40KF-32KF 41 34 32 K40-32-CR 7710012 7 1]

. 3 YRALAZIUINVDY 1934
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ISO LF

Features

HV rated to 1x10°mbar
High-temperature rated to 200°C
Symmetric and non-rotatable geometry
Rotatable bolt ring available

Elastomer O-ring seal

Two methods of fastening
ISO-compatible and modified ISO design

Specifications

Material
Flanges
Rotatable bolt ring

304ss
Aluminium

Q-rings Viton® or Buna-N" elastormer
Claw-clamps Alurniniurm
Fastening

Claw-clamp M8, (8 required)
Bolt type Hexagonal head, M8
Nut type Hexagonal
Torque Bolts: 9-14 Nm
Vacuum range I%10% mbar
Temperature range Minimum  Intermittent Sustained
Witon® -20°C 200°C 150°C
Buna-N" -20°C 100°C 80°C
Weight 27 kg maximum

Dimensions

Clamp style
Bolt style

130.0 OD » 108 ID maximum
1651 OD x 108 1D maximum

A rotatable bolt ring
assembly is used to add bolt Tube OD

Flange
holes to a standard claw- nominal Figure reference
clamp style I1SO LF flange. _ | Blank
An assembly consists of one - 2 Blank
alun?lr-num-bolt ring amfl one 108 2 Weld
retaining ring. The retaining G ] o~

ring fits into a groove on a
claw-clamp style flange and
helds the bolt ring onte the

flange. Replacement
retaining rings are also

available separately. Retaining ring

Optional flange converter

Rotatable bolt ring assembly

72

HYV Series
Figure | Claw-clamp style
— 102 -—
Seal side Y
e T I
Air side ~/A /‘j i
=t 108 — 12
15
125 1
130
Rotatable bolt ring option
Used with claw-clamp style flange
Retaining
,‘ ring
rn ”r 1
ﬂ I E ﬂ
i
- 145 - 1
- 165 -
Figure 2 Bolt style
@9 - 8 places
Seal side N i
Air side NI Y [ I
145 2
t 165 1
Figure 3 Centring ring assembly
4 8
' 1
A
Spacer ring - 102 -— "~ Centring ring

Dimensions in blue are common to all flanges

Centring ring capture groove on blank flanges is 6.4 wide

Fastening Wt Part
method kg Reference number 3 €
Claw-clamp 04 L100-B 812001 50 75
Bolt 20 L100-BB 852001 79 1S
Bolt 20 L100-BW 850010 71 106
Claw-clamp 03 L100-W 813024 35 53
Wt Part
kg Reference number £ €
0.9 L100-RBF 853001 32 47
Q.1 L100-RR 853021 8 12

SUN n. 4 mihwdauwwinlug dvsuteses
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ISO LF T
Features
m HYV rated to Ix10°® mbar
= High-temperature rated to 200°C
® Symmetric and non-rotatable geometry
m Rotatable bolt ring available
m Elastomer O-ring seal
m Two methods of fastening
B ISO-compatible and modified ISO design
Specifications
Material
Flanges 304ss
Rotatable bolt ring Aluminium
O-rings Viton® or Buna-N*® elastomer
Claw-clamps Alurninium
Fastening
Claw-clamp M8, (4 required)
Balt type Hexagonal head, M8
Nut type Hexagonal
Torque Bolts: 9-14 Nm
Vacuum range %107 mbar
Temperature range Minimum  Intermittent Sustained
Viton® -20°C 200°C 150°C
Buna-N® -20°C 100°C 80°C
Weight 27 kg maximum
Dimensions
Clamp style 95 CD x 76 ID maximum
Bolt style 130 CD % 76 I3 maximum

A rotatable bolt ring
assembly is used to add bolt

Tube OD
holes to a standard claw- nominal Figure
clamp style ISO LF flange. - |
An assembly consists of one _ 2
aluminium bolt ring and one 76 2
retaining ring. The retaining 7% :

ring fits into a groove on a
claw-clamp style flange and
holds the bolt ring onto the
flange. Replacement
retaining rings are also

available separately. Retaining ring

Flange
reference

Blank
Blank
Weld
Weld

Optional flange converter

Rotatable bolt ring assembly

HV Series

73

Figure | Claw-clamp style

Seal side

Air side ?

- 80 -
- 90 -—
95 1
Rotatable bolt ring option
Used with claw-clamp style flange Retaining
" ring
L [ A
‘ 1o *
' 12
130
Figure 2 Bolt style
@9 -4 pl
Seal side “ places *
—— — aimm —
Air side H i Lj EAL_i u *
1 1o 1z
— 130 -
Figure 3 Centring ring assembly
4 8
¥ 1
i { :\. _ i
Spacer ring — —— 70 -— Centring
ring

Dimensions in blue are common to all flanges

Centring ring capture groove on blank flanges is 6.4 wide

Fastening Wt
method kg Reference
Claw-clamp 0.5 Lé3-B
Bolt 1.3 L&3-BB
Bolc 1.3 L63-BYY
Claw-clamp 0.3 L&3-wW
Wt
kg Reference
0.9 L63-RBF
0.1 L63-RR

JUN n. 5 wihudau dmsugasdedalnih

Part

number £ £
812000 H) 49
852000 48 72
850009 46 68
813023 45 68
Part

number i £
853000 26 39
853020 6 9
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Hinged clamp

Features

m Fastens ISO KF of
comparable size

m Quick make and break

m Stainless steel wing nut
and bolt

® Aluminium construction

Requires centring ring
with elastomer gasket

— KF-150
(2 places)

Clamp

B
! Optional
17mm O-ring
| rewiner
Centring ring Q-ring A -—

Flange Tube Wt Part
size size A B kg Reference number £ €
DNI0/16KF 12.7-19.0 7l 45 02 KI6-C 7701000 2 3
DN20/25KF 254 80 55 02 K35-C 7701001 2 3
DN32/40KF 381 96 70 03 [K40-C 7701002 3 3
DIN50KF 508 123 95 0.5 K50-C 7701003 4 6

Hinged clamp assemblies are the most commenly
used method for making I1SC KF vacuum seal
connections. Prior to clamping, flanges can be
rotated 360° and accept self-centring centring ring
seals. Pressure is applied uniformly around the 15°
outer surface of both flanges by finger-tightening

the single wing nut until the first metal-to-metal
contact is made between the spacing lips of the

centring ring and the inner surface of the mating
flanges. This compresses the O-ring between the
flanges and makes the vacuum seal.

= N %
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UNS S30400/UNS S30403

AK Steel

1.aasaudRves laviewdnnanlsaiy via 304

304/304L

AK Steel Type 304 is a variation of the  Typical uses include architectural moul- ~ COMPOSITION
basic 18-8 grade, Type 302, withahigher  dings and trim, kitchen equipment, Type 304 Type 304L
chromium and lower carbon content.  welded components of chemical, textile, % %
Lower carbon minimizes chromium car-  paper, pharmaceutical and chemical ~ Carbon 0.08max.  0.03 max.
bide precipitation due to welding andits  industry processing equipment. H]f,”s%?]':ﬁﬁi Cogmax. - 200 max.
susceptibility to intergranular corrosion. Sulfur 0.030 max.  0.030 max.
In many instances, it can be used in the AVAILRBLE FORMS Silicon 075 max. 075 max.
"as-welded" condition, while Type 302 AK Steel produces Type 304 Stainless Ehromium TR LT
must be annealed in order to retain  Steel in thicknesses from 0.01"10 0.25"  pjirpgen 0.10max.  0.10max.
adaquate corrosion resistance. (0.025 to 6.35 mm) max. and widthsup ~ Iron Balance Balance

. . to 48" (1219 mm). For other thicknesses
Type 304Lis an extra low-carbon varia-  anq widths, inquire. SPECIFICATIONS

tion of Type 304 with a 0.03% maximum
carbon content that eliminates carbide
precipitation due to welding. As aresult,
this alloy can be used in the "as-welded”

AK Steel Types 304 and 304L Stainless
Steels are covered by the following
specifications:

75

condition, even in severe corrosive con- Type 304 Type 304L
ditions. It often eliminates the necessity AMS 5513 AMS 5511
of annealing weldments except for ASTM A 240 ASTM A 240
applications specifying stress relief. It ASTM A 666 ASTM A 666
has slightly lower mechanical properties
than Type 304. MEGHANICAL PROPERTIES
Typical Room Temperature Mechanical Properties
Elongation
uTsS 0.2%YS % in 2" Hardness
ksi (MPa) ksi (MPa) (50.8 mm) Rockwell
Type 304L 85 (586) 35 (241) 55 B8O
Type 304 90 (621) 42 (290) 55 BB82
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PHYSICAL PROPERTIES
Density, 0.29 lbs/in’
8.03 g/ecm?

Electrical Resistivity, microhm-in
(microhm-cm)

68°F (20°C) - 284 (72)
1200°F(659°C) - 45.8(116)

Specific Heat, BTUAB/F (kd/kg+K)
32-212°F(0-100°C) - 0.12 (0.50)

Thermal Conductivity, BTU/hr/ft/ft/°F
(W/me=K)

at 212°F (100°C) - 9.4 (16.2)

at 932°F (500°C) — 12.4 (21.4)

Mean Coefficient of Thermal Expansion,
in/in/F {um/meK)

32- 17°F (0- 100°C) — 9.4x 10%(16.9)
32- 600°F (0- 315°C) - 9.6x 10%(17.3)
32-1000°F (0- 538C) -10.2x 10°(18.4)
32-1200°F (0- 649°C) -10.4 x 10°(18.7)

Magnetic Permeability, H = 200
QOersteds, Annealed - 1.02 max.

Modulus of Elasticity, ksi (MPa)
28.0 x 10° (193 x 10°) in tension
11.2 x 10° { 78 x 10°) in torsion

Melting Range, °F (°C) — 2550 - 2650
(1399 - 1454)

CORROSION RESISTANCE

These steels exhibit excellent resistance
to a wide range of atmospheric, chemi-
cal, textile, petroleum and food industry
EXPOSUIES.

Al

AKSteel

Customer Service 800-331-5050

ONIDATION RESISTANCE

The maximum temperature to which
Types 304 and 304L can be exposed
continuously without appreciable
scaling is about 1650°F (899°C). For
intermittent exposure, the maximum
exposure temperature is about 1500°F
(816°C).

HEAT TREATMENTS

Type 304 is non-hardenable by heat treat-
ment. Annealing: Heat to 1900 - 2050°F
(1038 - 1121°C), then cool rapidly. Thin
strip sections may be air cooled, but
heavy sections should be water
quenched to minimize exposure in the
carhide precipitation region.

Stress Relief Annealing: Cold worked
parts should be stress relieved at 750°F
(399°C) for 1/2 to 2 hours.

FORMABILITY

Types 304 and 304L have very good
drawability. Their combination of low
yield strength and high elongation
permits successful forming of complex
shapes. However, these grades work
harden rapidly. To relieve stresses pro-
duced in severe forming or spinning,
parts should be full annealed or stress-
relief annealed as soon as possible
after forming.

WELDABILITY

The austenitic class of stainless steels
is generally considered to be weldahle
by the common fusion and resistance

AK Steel Corporation
9227 Centre Pointe Drive
West Chester, OH 45069

www.aksteel.com

@ 2007 AK Steel Corpaoration

techniques. Special consideration is re-
quired to avoid weld "hot cracking” by
assuring formation of ferrite in the weld
deposit., Types 304 and 304L are generally
considered to be the most common al-
loys of this stainless class. When a weld
filler is needed, AWS E/ER 308, 308L or
347 are most often specified. Types 304
and 304L Stainless Steels are well
known in reference literature and more
information can be obtained in this way.

METRIC CONVERSION

Data in this publication are presented in
U.S. customary units. Approximate
metric equivalents may be obtained by
performing the following calculations:

Length (inches to millimeters) —
Multiply by 25.4

Strength (ksi to megapascals or
meganewtons per square meter) -
Multiply by 6.8948

Temperature (Fahrenheit to Celsius) —
(°Fahrenheit - 32) Multiply by 0.5556

Density {pounds per cubic inch to
kilograms per cubic meter) -
Multiply by 27,670

The infermation end data in this product data sheat ara
accurate to the bast of our knowledge and balief, but are
intended for peneral informaticn only. Applications
suggestad for the materials are described anfy to help
readers make their own evahuations and decisions, and
ara neither guarantess nar to be construed as express or
imglied warranties of suitability for these or other
applications.

Deta referring to machanical properties and chemical
analyses ara the result of tests performed on specimens
abtained from spacific locations with prescribed sampling
proceduras; any warranty theraof is limited to the values
ubtained at such kcations and by such proceduras. Thar
s no warranty with respect to values of the mataridls at
ather locations.

AK Steel and the AK Steel logo are registered trademarks
of AK Stesl Corparation.

s
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