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Codepi)KkaHue:

CreHa AnAa nccneposaHuA npoLeccos
CTapeHnA N BOCCTaHOB/IEHUA

«Knaccunueckoe crapeHme» -Q <1 C/cm

PacnyxaHue aHOAHbIX NPOBO/IOYEK B ra30BOU
cmecu Ar/CO,/CF,-Q 21 C/cm

MeToa BOCCTaHOB/IEHMA NPOBO/IOYKU B
rasosom paspsage 80%CF,+20%CO,

MHOrokpatHoe BOCCTaHOB/IEHUEe AeTeKTopa
3aKknyeHue



CtapeHue - gerpagaumns XapakTepucTUK ra3oBbiX eTeKTOPOB

CteneHb gerpagauum paboumnx napameTpos
AeTeKTopa 3aBUCMUT OT BEeNIUUYMUHDI:

Cnencteue - aAKKyMyJniMpoBaHHOro 3apsapa Q Ha en. ANVHbDbI
UCokpaweHue nnaro
acpeKTMBHOCTM U3-3a NageHus

aMnnuTyabl;

NPOBOJIOYKM

Q:G-F.T.n.e

OBo3pacTaHue TEeMHOBbIX TOKOB; G- KI'Y; F— UHTeHCMBHOCTb; T- Bpems obnyyeHus; n —
nepeuYHas UOHU3aLUuA

UYxynuwenue dE/E paspeweHusn;

LCamocToAaTenbHbIE TOKOBbIE

pa3pagbi; OueHKa CKOpOCTMU CTapeHuMA

OUckpenme u npobom. R =— ! . aG — [%/(C/Cm)]
dQ

G

B.Schmidt: "Detectors are like us: EavHnua namepenus sapsiga Q:
ﬂEiHE i l-lﬁﬂ‘-'ﬂl'dﬂb'ﬂ, SUFH'fFiHE in C/cm - nposonoyku unu ctpuna s MWPC, MSGC
a good chape is the main issue. C/cmPvnu C/mm?(RPC, GEM, MicroMegas)
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I-)KcnepumeHTaanaﬂ yCTaHOBKaA No uccrneanoBaHMo npoueccoB cCtapeHus

L1}

Bxoarasa Fe » O6nyyeHune -
u y ; T T go
60%Ar +30%C0,+ 10%CF, [ ] BobIxograsa YCTO4HMKOM *Sr

llf '.I\ NNOTHOCTb TOKaA:

I:: ; 90
1 S—r Touxu xourpoms KI'Y |:||> J=0.97 pAlcm
5 o) 77
- (\ 3 (\ > KoHTponb KIY -55Fe y-
|:> U TP o o U |::> McTouHuk (E =6 keV)

R T T O il

-140 -100 —&0D —EDD 20 ) 100 140 X, mimn

CnepoB SiB
rasoBowu
cucrteme u
CMeCHM He
OOGHapyXXeHo

1 B

maBHasn
MmopAa
cTapeHus -
swelling
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«Knaccuyeckoe» ctapeHune cerogHsi

U nHMpwm nogroroBke akcnepumeHToB Ha LHC .
Si o6pa3oBaHuA Ha aHoAe

npoaHanu3npoBaHbl BCe COBpPEeMEeHHbIe
MaTepuarnbl And ra3opa3paaHbIX OeTeKToOpoB

EHT= 20,0 KV HD= 24 mm MAG= ¥ 1.00 K PHOTO= 0

20.0pm ————
.97/jmD RTLAS WIRES CHAMBER WIRE No5

MOURA 143

Conductive Epo>

Source Name (’ .
CERN/GDD TRADUCT 2922 I m
SILBER LEITKI. EBER CERN/GDD) ‘

HERA-B/OTR 3025 (A+B) I AR"t’t:)‘f}EI‘I;\W 106

ATLASTRT | TRABOND 2902 || DiRaice 495:;5 ]

J D mAmO 445;
Adhesive T seaters
5 sts of Le

0 Cnucok KOMMOHEHT pabo4yux ra3oBbIX
cmecen cokpatunca: Ar/Xe/CO,/ CF,/ O,

0 MNMaBHaa npu4nHa cTapeHusa - obpasoBaHue

ocagkoB Si
WCTOYHUKMN: repMeTKN, BaKyyMHbIe

YyNnoTHeHUs, CMa3kKa

e | I wel
S E

L&)
I

Fe—  EE ch  arE
MF St s AECR el IRCWIDTSTED , 10 -0

OGpa3oBaHue ocar
npn Q <1_C/cm
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YpaneHue ocagkoB Si, SiO, B razosom paspsiae 80%CF,+20%CO,

Relative gas gain, a.u.

-

=
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1

.
Relative gas gain, a.u.

=

=

=

=

=

1

.80 1 (L8O 4
B85%Ar+30%C0,+3%CF, 80%CF, +20%C0O,
0.75 ' . . 0.75
2 6 1] 14 18 20 0.0 0.5 1.0 1.5 2.0 2.5
Aceumnulated charge, mCiem Accumulated charge, mClem

Fiz. 15. (a) Dependence of the relative pas gain in the zone irradiated by ™Sr versus charge accumulated by the anode wires. The aging performed using
magnei chambers gas mixture. (b) Dependence of the relative gas gain during the recovery procedure with glow discharge versus the accumulated charge of

“Fc anplinde specir Si + CF; + F + 20— SiF, T+CO,T

65%Ar+30%C0+5%CE, s|02 + 4F > S|F4T +02T
Si + 4F - SiF,T

Recovered

Labelilabel Simad> enodo
g [1:15.0 F110:0.0 Take-of:35.9 Det Type:UTW Rea:135 7¢:50
D FE o 7581 lewma @ 75 25-Fow-2004 11:15:35

=-2600V

Si
[

450 550 650 750 850 950 ch

80%CF,120%C0O,

Recovered
L) X W 5
; g potMaon  Deb WD B=— 10y 0
HV=-3600V Ly N e .
SO 4 0 @000 SE. 145 Dparting logia € Salute s 6.8 740 63 930
I I
T Fig. 11. SEM micrograph of the anode wire irradiated in the fifth test point (see Fig. 6) after accumulation ol'QE:i;‘i‘cf =32mC/cm and XEM spectra of

450 550 650 750 850 950 c,h the deposits on the surface.

Fig. 16. A comparison of the charge spectrum shape after exposure togas 5. Belostotski et all [ Nuclear Instruments and Methods in Physics Research A 391 (2008) 333-366
mixtures Ar/CO,/CF, and CF4/CO,.



PacnyxaHue aHoaHbIX npoBonoyvek B Ar/Xe/CO,/CF,

e+CF,—> CF;*+F + 2e-
e+CF,—»> CF; +F +e
e+CF,—»> CF, +2F +e§
Radiation Radiation e + C02 N CO + O + e
e +CO,—> CO +O

e +CO,—» CO+O

-+ CO,—> C+0 +0O

Active
radicals

Before irradiation

* PacnyxaHue aHogHOM
NPOBOSIOYKM BO3HMKAET Npwu st
HakonneHHoMm 3apsige Q>1 C/cm |
*Oco06EeHHO MHTEHCUBHO
npoTeKaeT Npu HanNM4Ynmn
H,0>100 ppm
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[a3oBoe ycuneHune, OTH. en.

OvuHamuka nageHus KI'Y sgonb straw us-3a pacnyxaHus

[dunHamuka npouecca pacnyxaHma (swelling)

[a3oBoe ycuneHune, OTH. eq.

1,050
Irradiation zone
P
] =
1.000 ﬁa_; = = a
0.950
a! F f
0.900 i 1!‘ ] et e |
=e=0375 Clem
Gas flow ~a—0535 Clem
direction —=—DB% Clem
0.850 +——  Argon flow =a—1,15 Clem
direction |-o=158% Ciem
0.800 t t t ; t I :
-170 -150-130 -110 -90 -70 -50 -30 -10 0 10 30 50 70 90 110 130 150 170
—_— KoopawnHata Baons straw, Mm
e o
b --_':;‘hh-:i;;;-;w-*f—:——-—::_";':iT;; — S
o
‘\_\
0.950 e
b [~
\\\‘.‘
0.900 i e S M
—d— X&T3 mm
~#= X=173 mm
0.850 ———  _m %e273
0.800
0.000 0.200 0400 0.600 0200 1.000 1.200 1.400 1.600 1.800 2.000
HakonneHHbI 3apsag straw, C/cm
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Pacnyxma;l adHOOHaA NpPoOBOJIOYKa

30MEM ' GnekTponHoe uzofpakeHde 1

CregTp 1

NonHas wrana 4692 wmn. Kypcop: 0.000 k3B




MoBepXxHOCTb NPOBO/IOYKU Ha CUJIOBOM MUKpPOCKoONe
C3M Solver P47 pro (tun kaHtunesepa HA-NC)

[o obnyyeHus Mocne o6ny4yeHus

©
4
© o
= =
7 o
O m
G o
o o
o C
o) -y
Q. N R HM
= ©
L g
I Tr «
© )
o o 3
£ ©
O S
. o)
S O g
| MKM MKM
I > D I e 5 e s

Mpun E~2x10°B/cm Ha noBepxHOCTU, Ha ocTpue E 2107B/cm
MpuE+A07B/cm NNOTHOCTbL TOKa aBTO3Miccm j=200 MKA/cM?,

(Patizep F0.1. «@u3uka 2a30e8020 pa3psidar)



BoccTtaHoBneHue npoBonoyku B rasosom paspsage 80%CF,+20%CO,

1. WHBepTnpoBaHoe B/B, 80%CF,+20%CO0, (F/C=3.2 ¢
0.1<F/C<4) => KopOHHbI pa3paa=> Tnewwun paspag =>
O6pa3zoBsaHue F°, CF;+ ,CF;°

2. => TpaBieHue «aHoaHOW» npoBonoYkn =>WFs 1

3. => pecopbums CF,’ n dpropuaos WF., WF, noa BozgeiicTemem
y-KBaHTOB 3°Fe n noHos CF;*

2WO, +10F > WF,T +0,T +WOF

2WOF, —» WO,F, + WF,T

3WO,F, > WF;T+20,T+2WO0

W+ 6F — WF, T

27.09.2011 Jadro 2011 10



BonbT-amnepHasa xapakTepucTUKa pa3BUTUA KOPOHHOro paspsiga

S 1,0E+08

1,0E+07

-

1,0E+06

éTymnke. A x10

= 1,0E+05
1,0E+04
1,0E+03
1,0E+02
1,0E+01
1,0E+00

1,0E-D1

TOK B nponopunoHanbHoOM cY

)) Townsend, attachment, dissociation coeff, va E
| 104 : : .
80%CF,+20%CO, 103 .=
pi obmyaesH S5 Fe ¢ HHTeHCHBEHOC TR 362103 E =al
/ 102 ;: °
/ 10 .
/ 1
-
___d____‘_______._..--#"‘
_",-:-""" 10-1 &
I F
jo= o 2550_3 F ] ,, ]
102 103 10* 10° 10¢
4] A00 600 9S00 1200 1500 1800 2100 2400 2700
WHBepTUpOBaHHOEe HanpshkeHue, B E, kB/cm

» nnato -ToK 10520 pA ao 2100 V => noHusaumsa ot >5Fe u 3NeKTPOHOB BTOPUUHOM
3MUCCUM, BbIpBaHHbIX MOHamu CF;* us W; |

W r
> > 2100 V => TayHCeHA0BCKOe ycuneHue B ra3e (KOpoHHbINU paspan) | 2
+aBTO3MUCCUSA (E~107 B/cm nnoTHOCTL Toka j=200 MKA/cm? ) K

» > 2400-2700 V=> | £ 1 pyA - uMmnynbcbl Tpuyena ¢ amnutygon Ao 4 mA
> > 2650-2700 V ==> TOK cTabunusunpyetca => T1€OLWNIA pa3pas

27.09.2011
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10000000 220
Pacnpegenenue KIY = f(x) 200
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TpaBneHne WO, B rasosom paspsae CF,/CO,

R
jcH . 020¥/DIVDC  TB A 100 ns TR: CH1+AC PT: 25
} HV=2700 — 3000 V
| _
\ \ HV=2700 V wyGraph o A2 im| @ romalisation | rovertl 104 ipa) o |
} #1[<20 nsec 2E+6- ; ; ; . | | | |
< | 3E+6- ! ! : ! : : : :
| 4E+6 -
— L‘E) } h R R R .. ai.iiil
S
o ‘ FE+6-
i, - (AL R R
‘ | UV V o -9E+6_I | | - = S I‘ U 1 1
‘ \ H’v 12:00:00  12:15:00  12:30:00  12:45:00 13:00;00 131500 13:30:00 13:45:00 14:00:00  14:15:00
i P T= 1.2 nsec 14.09,201114.09.2011 14.09,2011 14.09.2011 14.09.201114,09,2011 14.09,.2011 14.09.2011 14,09,2011 14.09,2011
| _DataTims
| 5
I <1 pA - umnynbcbl Tpuyena 125 pA - Tok TnetoLiero paspsna
no 4 mA

Hecopbuyus monekyn CF; u gpmopudos WF5, WF, npoucxodum nipu 6ombapouposke
nosepxHocmu uoHamu CF;* ¢ aHepauel & = 4-5 eV u y-keaHmamu E=6 keV

M+ M ) !

EiN e E-[=3 el gz\/EN PE z0.8,um
7T +
2M fyn | M s CF;
Mcp = 1.46x1022g; Mcg; = 1.15%10-22 g — Maccbl Monekyn /- pnvHa ceo6oaHoro npo6era CF,* B CF,
E =200+300 kV/cm N- uncno NowmuaTra — 2.685%x10"° 1/cm3

dcp;" - amametp monekynbl CF;= 0.3 nm
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KoadythpmumeHT razoBoro ycuneHus, otH.el. KoadppuUMeHT rasoBoro ycuneHus, oTH.eq.

1.02

0.98

0.96

0.94

0.92

0.9
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1.02
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0.94
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0.9

BocctaHoBneHue KIY Baonb gnnHbl straw

R
7TTx

W

80%1;1?44220‘}"2(301
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—a— CocTapeHHaa NpoBoOnoYKa

== 2 yaca TPeHUPOBKKW
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- —— & 4acoB TREHMPOBKW |

0=1.686 Knlcm
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27.09.2011

JJ 20 40 60 sa 100 120 14& 160 130 200 220 240 260 280 300 320 340 dG 0 dG
= <10
X KoopawHarta BaOnb straw, MM ‘ G 104 — —G = lﬁ
.:‘)q_ = Sl \\'/
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Jadro 2011

— > 7% BO3MOXHO OTCRoeHue Au NOKPLITUSA
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MHorokpatHoe BOCCTaHOBJIEHUE AHOAHOU NPOBOJIOYKU

KayecTBO NoBepXHOCTN BOCCTAHOBJIEHHOW NPOBOJSIOYKM No3BoNsieT
npogomkatb paboTy aetektopa B ycnoBusax 12 1 pAlcm

1.02
1.00
0.98 1
~ 0.96
0.94 -
0.92
0.90

0.88 1 dG
R Y% /Ki/cm]|
0.86 G dQ

0.85 f f i f
0 0.5 1 1.5 2 2.5 K| 3.5

HakonneHHbIU 3apsag straw, C/cm

[[a3oBoOe ycuneHue, oTH. eAa.
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Pe3ynbratbl SEM/XEM aHanu3a noBepxXHOCTU NMPOBOSIOYEK

BOCCTAHOBJ1eéHHaA : HPOBonqua
NMPOBOJIOYKa

ZBkU

27.09.2011 Jadro 2011 16



Pe3ynbratbl SEM/XEM aHanu3a noBepxHOCTHU

CrexTtp 1

HOBas NPOBOJSIOYKa
cocTapeHHas

NpoBoroYKa

-

L T
1 - 3 L] - L] i 2 3 el 1" 14
A WAnY 3652 e Kypcoe (1000 w3

CnekTp

BOCCTAHOBIIEHHasA 4 pasa

BOCCTaHOBMeHHas 1 pas
NpPOBOSOYKa

MPOBONoYKa

L B e T B o o e L o e R RA AR A= I I B L I o o e L e e e e h
2 4 g g 10 12 14 2 4 g g 10 12 14
TonHad wkana 2150 un. Kypcop: 0.000 [i=la] TanHad wrkans 2150 vwn. Kypeop: 0.000 K:3H
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3aKqnr4yeHue

v'Pa3paboTaHa n ycnewHo UcnbiTaHa Ha
NPONOPLUOHASIbHbIX CYETYMKAX MEeTOAUKA MHOIFOKPaTHOro
BOCCTAHOBJIEHUA NOCJie pacnyxaHusa aHoaa

v TIpuMeHeHne MeToauKN MHOIMOKpaTHOro
BOCCTaHOBJIEHUA NO3BONSET B 2+3 pa3a yBesNiMiuTb
BpeMSs XXU3HUN OeTEeKTOPOB Npu padoTe B paanauMOHHbIX
Nnonsx ¢ UHTeHCUBHOCTLIO 00 4 My Ha 1 cm ONUHBLI
NPOBOJIOYKU, YTO COOTBETCTBYET HabpaHHoOU fao3e 3 Kn/cm
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Gas gain, a.u.

1,05
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0,9

0,85

Task 41. Relative gas gain vs Accumulated charge.
70%Ar+30%C02, Wire diameter - 50 mcm, Left straw

Working point - 1760V (Gas gain=100000)

20.08.07 - 04.09.07

e |

e e
—Oo—

-—-Aﬂx:ja

—&— 73 mm distance
=173 mm distance

\(\ —— 273 mm distance
\ —%—203 mm distance
~
0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8

Accumulated charge, C/cm




PANDA straw aging at 3 GeV proton beam

Ageing Test Results contn’d

= After beam time straws exposed to *>Fe source along tube
* Measure gas gain loss by change of signal amplitude height (dA/A,)
= No loss seen for Ar/CO, (30%) and Ar/Ethane (10%)

= Small gas gain drop (<7%) seen for Ar/CO, (10%) in some straws

= Llocalized, correlated with beam intensity l p-beam position
= Chargeload: ~0.6-1.2C/cm 3 'ﬁg“‘z TN T
e / b
e Eq uiv.to ™~ 5 years PANDA-STT E oo | Straw 1-4 as [Stray 5-8 i
Q 105 L5 F =
. = 13 ' T8
. :é: ! *#Hﬁlﬂihpﬁg;; ’ﬁt&ﬁt%?i_ﬁtuﬁﬁ
: o8 . oo -1 i
Straw Gas mixture |, ZQ(Ciem) Ageing E -, Strw‘g_u*.}ﬁ; . 1;_1;'?;
no @ 1.65bar (pA) in199h AGIG, 3 - s B
1-8 14 0.72 0.3% - = HE%@E*F T ]
AriCO, (10%) ; g o s}
9-16 11 0.58 0..7% B s | Straw 17-20 an [Straw 21-24
e oI e
17 - 20 2.3 1.23 no c sppprzssTEETIILL
21 - 24 ARG 15 0.79 i h% m: ﬁﬁﬁ § M; {‘Hﬁiﬁﬂ'fgffﬁng&
25 =32 AriC,H; (10%) 1.7 0.87 no as :J.?_r_‘_‘f:‘_?s:?i ......... PR m iﬁ'“‘“’fg :uﬂ S

Longitudinal position (cm)




Ageing Explanation

Possible explanation of small gas gain loss in some of the Ar/CO, filled straws

Highest ionisation density by p-beam perpendicular and close to the wire
CO,(10%-fraction) with limited avalanche quenching capability

2" avalanche initiated, limited streamer mode (LSM), pulse with double-peak shape
and very high amplitude (~ Ax100)

Highest density of oxygen ions & radicals, penetrate thru the Au-layer to wire
Wire oxidation with diameter swelling, gas gain loss by reduced E-field (~1/r)
Less LSM and no ageing observed for Ar/CO,(30%) and Ar/C,H(10%)

Better quenching capability, even at higher gains
Needs more and systematic investigation to clarify

At moderate gas gains of ~ 5x10° no LSM (<1%)

Limited streamer mode pulses (LSM)
with typical double-peak shape




Tnerowun paspsan B straw

Tnewwmm paspsag — 3To camonoanepXXuBarLWMNCA pa3pag C
XOrioAHbIM KaToA4O0M, UCMYCKAKOLWMUM 3NIeKTPOHbI B pe3yrbTraTe
BTOPUYHON IMMUCCUM, IMaBHbIM OOpa3oM nog AencTBUemM
nonoXxuTterbHbIX MOHOB. (HO. 1. Pausep)

* YcrnoBue 3aXXuraHusa camocrtosiTesibHoro TayHCeHAOBCKOro
pa3psaaa B straw :

| a(E)dr=In(1+ 1)

. I4
A (1) A,p,exp(_fgj I Ud
|
Ons 80%CF4++20%CO0: : A=10 MNa" m" " n(% )

B=188 B Na! m
U=2100 B - HanpsxeHne 3aXXUraHmMa camMmoCTOATEeNIbHOIro
TayHCceHAOBCKOro paspsaa B straw .

27.09.2011 Jadro 2011 29



- lebaeBCKUM paguyc 3KpaHMPOBAHUA B Nria3Me TrnerLiero

pa3psga : T
ry = 743 _© =6 MKM << d=2000 MKM

=> nyia3mMa TnerLwiero paspsga
* TONwMHa KaTO4HOIrO CNoA B TNEKLeM pa3psaae
oueHunBaeTcs no cpopmyrne:

1
In|1+ — |E 0 E. . Benuxos, A. C Kosanes, A. T.
4 220 MKM Paxumos, ®uauyeckue siefieHus &
[ . = 5 2asopa3spsiOHou rinasve
ABp ‘@ (z)
* [MonoxeHne MakCMMyMa KOHLUEeHTpauMmM UOHN3NPOBaAHHOMU

AJNIEKTPOHaMM nina3mMmbl MOXHO BbIYUCITIUTDL NO cbopmyne:

1 d—1
=1 -1l 1 - - ‘ =~
Xm = Le n(d —lc( CXP( 1 Dj 220 MKM

A. A. Kygpssues, A. B.MopuH, J1.[. UenauH, Pornb
HenokanbHOW MoOHM3auun B POPMUPOBAHUN KOPOTKNX
Trnewowmx paspagos, XK. T. ¢. 78(8), 2008
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lNoBepXHOCTb NPOBOIOYKU HA CUJIOBOM MUKPOCKonNe

27.09.2011

C3M Solver P47 pro (tun kaHTunesepa HA-NC)

- 0,12 mkm

Jadro 2011
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Gain, a.u.
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Task 49. Gas gain vs recovery time.
Ar+30%C02+10%CF4, Wire diameter - 50 mcm, averaged for 169-179mm points.
Gas Gain = 50000
Dose, .« = 1.79C/cm (flashing with HV=1780V)

Dosegignt = 0.89C/cm

=@ Task49, Right(Dose=0.89)

0

24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 384 408 432 456
Time without aging, hours.



MWPC Aging studies THCH

Two long term aging tests have been performed:
+ 1st test at GIF in 2001, where charges of 0.25 C/cm have been

accumulated in 6 months.
+ Open loop gas system has been used
+ Gas mixture: Ar/ CO2 / CF4 (40%, 50%, 10%)

+ 2" test at ENEA Cassacia in June 2003, where charges of 0.5 C/cm have

been accumulated in 1 month (using the 25kCi (1) Co source).

+ One chamber has been in open Ioogé one in closed loop
+ Gas mixture: Ar / CO2 / CF4 (40%,40%, 20%)

Parameters controlled :

Relative gas gain: In both tests one gap was used as reference gap to avoid
complicated corrections for P and T variations. The reference gap was only for
very short periods per day under HV and always flashed with the fresh gas.

Dark currents, including self-sustaining rest current following the beam off.

The dark currents were measured with current monitors with a resolution of 1 nA.
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LHCD
- %

Summary of Results from Cassacia THCH

Accumulated charges: Chamber |Gap  |IC (C/cm)
M3R1 ACD |043
SIA S1 0.52
SIA S2 0.42
SIA A2 0.38

+ No signs for aging from the measured parameters:
+ Relative currents did not change.
+ Malter currents were not observed.
+ No variations in current ratios after/before Casaccia from
measurements with GIF and with an Am-source.
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Analysis of Surfaces

1st the wires . . .

| CF4 is a
terrible
gas |

Detaching of 1'he ?"°[E~'Ei g?d be‘l)'ween the pads
etching o
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Analysis of Deposits on Cathodes

ops

25

1] 2 4 g 2 10
Energy kel

Presence of the deposit can provoke
Malter current on the beam due to
spikes of infensity.
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LHCD

Rotameter glass tube etching

Effects in the Gas System

cps
a0 :
=] a
40
r %
2|:|—: F 2l
3 Ha
i)
0 TrrrrrrrrT L| """"" | L B | L L | B B
1] 2 4 ] a 10

Energy (et
+Inner glass surface of a gas rotameter
b / ¥ from closed loop is strongly eroded

"9 ( Flurine was found).
} %= O-rings (from NBR) used in valves

Mag = 10.00 KX V.Souvorow/EPILBD G.JESSE/ESTISM/ME
EHT = 15.00 k¥ erystals on inner surface of flowmeter  Date :7 Oct 2003
{  Detector = SE1
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Substance Process Gases Mixtures
Photoresist 02 100%
02 + CF4 80% + 20%
Polyimide 02 100%
02 + CF4 80% + 20%
Polyuethane 02 100%
02 + CF4 80% + 20%
Single Crystal CF4 100%
Silicon CF4 + 02 (80 - 92%) +(20 - 8%)
SF6 100%
SF6 + 02 (80 - 90%) + (20 - 10%)
Silicon Oxide CF4 100%
(Si02) CF4 + 02 (80 - 92%) + (20 - 8%)
C2FB 100%
CF3H 100%
C3F8 100%
Silicon Nitride CF4 100%
(Si3N4) CF4 + 02 (80 - 92%) +(20 - 8%)
SF6 100%
CF3H 100%
NF3 100%
Epoxy Bleedout Ar 100%
Ar + 02 (90% - 70%) + (10% - 30%)
Ar + H2 (90% - 70%) + (10% - 30%)
Tungsten CF4 + 02 (70 - 92%) +(30 - 8%)
GaAs CH4 100%
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