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H I B2 37k (Pressure, Gas Flow)

H ;“Ely{‘« wﬁ[ﬁﬁ“[j (Pump Down, Conductance)
H F ZRRTAY (Vacuum Systems)

g @F' JR& 3% (Outgas)

9 ENH 1% R (Pumps)

2 B EHHE 3 EYELIR! (Gauges, RGA)

H 2 ZRRPVRETE (Vacuum Maintenance)

E’Eﬁﬁ_‘r’ﬁ (Conclusion)

2010/07/31 #z

=

IJ A

/




~
/

ﬁ[

VBRI ] S
(IS PAR U3
TEN SR sk B R




~I » ’r—r—‘;(_\
:E[' jb)[ﬁ:?ﬁmj

CH HE- PP SR
° PP et P
I [ (F ) — EERREES 12 U) ;
SRf T ) — EEE E (T 2
o B HEERIFE TE” AEE 4“” ?
o [N qi?ﬁ‘ﬁﬂﬁ ST ,y@?&‘(Outgas)
o (NEVENH IS IFF = =% [Py P&l (Pumping) ©
o HrE ZpVE A FHHAE R L e BB ] (Pressure) -

Q OCPA2010 [T5] Vacuum Technology 2010/07/31 ?{‘;'[ﬂ,ljf,:} /




-

0 SR
Pressure: =) J75F 2178 2577 77 (1 atm ~ 1 kg/em?)

Pa: Newton/m? (SI unit), 1 Newton = 1 kg-m-sec2
bar: (kg/cm?), 10° dyne/cm?, 1 dyne =1 g-cm-sec™
mb: milli-bar, 10-3 bar, 10° dyne/cm?

Torr: mm-Hg (at 0°C)

1 Torr = 1.333mb = 133.3 Pa = 1.316 x1073 atm
1 Pa=10"mb =7.5 x103 torr = 9.869 x10° atm
1atm =760 Torr =1013 mb = 1.013 x10° Pa
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Atmospheric Pressure (Standard) =

0  gauge pressure (psig)
14.7  pounds per square inch (psia)
29.9  1nches of mercury
760  millimeter of mercury (&4 %</%)
760  Torr (=)
760,000 milliTorr or microns
101,325  Pascal (Pa)
1.013  bar (*'1)
1013 millibar (mb) (')
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Vacuum.: an environment with a pressure of < I atm

[EH 7% Low Vacuum: 760 — 25 Torr
1A 4 Medium Vacuum: 25 — 107 Torr
A E 2 High Vacuum (HV): 103 — 106 Torr
/ %ﬁ/g\’ I Very High Vacuum: 10¢ — 10 Torr

éfﬁ;ﬁ"f“' Ultra High Vacuum (UHV): 10 — 10" Torr
727[?/5,'/’_@" 9 Extreme High Vacuum (XHV): < 1012 Torr

(Torr)
1015 1012 10°° 106 1073 1 760
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ULTRAHIGH

10°to 1012
Torr

2010/07/31 =y

= /




@

N = e =
W F B 7 E (Boyle’s Law)
. d d
PV:NKBT—)NZQ ELF'F)-E(NKFT)=Q

K T dP da¥ dP
B - — | — [

k, —1.38.10 5| 2o _ Panr
1 K %

23 m’ 72 el 2 -
k;;1.38-10{Pa z }1.04-10{%’” }:1.38.10-{"””’ }

K K K
for T =T, =296 K

L 245.10"[Pa- | =3.310°[Torr (] = 2.5-10" [mbar (|

BYRY

&
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(Torr)
10715 10712 10° 106 1073 1 760

f f f
3,500%7 350/ 3.5x101%°
(777~ 1c.c.)

N=PV/KyT = 3.3 x10"° Molecules / Torr - | (296 K)

1 Torr ~ 3.3 x 10'% Molecules / cm’
Ix10°6 Torr ~ 3.3 x10" (330/£)) Molecules / cm?
1x10° Torr ~ 33,000,000 Molecules / cm?
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SiE ST 2R — v (em/s)

Maxwell-Boltzmann distribution of velocity
f(v) = (4 /n'?) (m/2KkT)*? v? exp(-mv?/2KT)
vp : maximum value of velocity (df(v)/dv = 0)
vp = (2kT/m)2 = 2RT/M)12
v,, : average velocity ([vf(v)dv /lf(v)dv )

V,, = (2 /m2) (2kT/m)12 =1.128 v,
v,, = 1.45 x 10* (T/M)!2 cm/s
k=1.38 x 10-16 erg/K
R =8.314 x 107 ergs/K-mole = k'N,
N, = 6.02 x 10} molecules/mole

Q OCPA2010 [T5] Vacuum Technology

Maxwell-Boltzmann distribution curve
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(EX) For N, at 296 K,
Vp ~ 41900 cm/s
v, ~ 47200 cm/s
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VELOCITY (cm/s)
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Velocity of molecule : v (cm/s)
v =1.45 x 104 (T/M)'2 cm/s

T (K) : Temperature

M (a.m.u.) : Mass of molecule

V ~ (T)l/z ~ 1/(M)1/2

v(cm/s)atT =296 K

200000
150000 I S T O WU W SN S
100000 i oo iossses o
50000  Fftrierf ot b JI b

0 HUHNNW

16 18 28

MASS (a.m.u.)

32
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s — v, (cm/s)

—v (cm/s) of He(4)

—v {cmis) of N2(28)
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MOLECULAR INCI. RATE

F‘J ,_PF I%Elf&
(molecules/cm?:s)

Molecular incident rate : ¢ (molec./cm?/s)
¢ =nv/4=3.5x 10> [P/(MT)!?]
P (Torr) : Pressure

n (molec./cm?) : Molecular density

¢ ~ 1/(M)2 ~

@ (molec/ecm2/s) at 296 K, 1 Torr

1.5E+21

1.0E+21 [-J-pm

2 4 16 18 28 32 40 44
MASS (a.m.u.)
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(molec./cm2/s)

1= EjL_I -F:j(@-(_‘g: _(P

| —u (molec./cm2/s) of M2{28) at 296 K. —n (molec /cm3) |

1E+24
1E+23 |
1E+22 |
1E+21 |
1E+20 |
1E+19 |
1E+18 |
1E+1T |
1E+16 |
1E+15 |
1E+14 |
1E+13 |-
1E+12 |
1E+11 |
1E+10 |
1E+09 f----
1E+08 |
1E+07 |
1E+06 &

1E-09  1E-06  1E-03

PRESSUREE (Tarr)
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TISETE1#: Mean Free Path (MFP, A)

Average distance traveled between collisions (average mean free path) depends on
the size of the molecule and the number of molecules present (density or pressure).

[?&?ﬁﬁ%'%ﬁb%l@?ﬂ

) OB

A= 12 = sz =2.33><10_2O{
V2rnd>n \2md’P d’P

where d is the molecular diameter in centimeters, and » 1s the number of
molecules per cubic centimeter. For air at room temperature, the mean free path
(MFP, 1) can be found from

\
5)(10_3 7 1x10 Torr Eﬁ ’
A(cm) = MFP =50 55 «
Eiorey (>3 AR L)
J
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Flow Regimes (5} Fid B

e Reynold number (viscous flow) : R,

State of the gas Flow regime Condition

R, =pv D/ ViSCous turbulent Re > 2100
p =nm =MP/(RT); O =Pv (nD*/4) Q >200 D (air)

MP 4Q D 4M Q laminar Re <1100
° RT nD°P n RTn D Q<100 D (air)

D/h =110

0, =9.06x102R,D
transition intermediate 1 <D/h<110
m  Knudsen number (laminar ~ mole. flow) rarefied molecular D/h<1

K, = A /D = (MFP) / (Diameter of pipe) Neairat 20 c) = 1.829 x 107 (g/cms)
D/ A=D/5x107/P) =D -P/(5x107) A, D (ecm) ; P (Torr),; QO (Torrl/s)

* Viscous flow (D/A>110) : D-P > 0.5 cm-Torr or P>5x10"/D
* Molecular flow (D/A<1): D-P <5x103 ecmTorr or P<5x10°/D
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Flow Regimes (547 Fidi &

e Viscous Flow: (&) D-P>0.5 (cm - Torr)

Distance between molecules is small; collisions between

molecules dominate; flow through momentum transfer.

[EX] D =50 cm, P> 0.01 Torr (10 mTorr).

e Transition Flow: (%) Region between viscous and

molecular flow

Molecular Flow: (75="Jft) D-P <5 (cm - mTorr)

Distance between molecules is large; collisions between

molecules and wall dominate; flow through random motion;

[EX] D =50 cm, P <0.1 mTorr.

* A system is in molecular flow when the mean free path is
longer than the diameter of the tube or chamber. ( A>D)
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s2EL (Conductance)

Ohm’s Law: (V] =V,)=V=I-R

O R O CEl
V, V, R

-V,) TR T Het JHR
[=52=C-(V}-V,) Tt = Fist x s

et s 7 E13F (Throughput method
H A AVETY A (Ohm's Lav% o : J

2k Q=C-(P—PB) Rt = {il x RE

|
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FE ST IR ERRAEI ()RR

FfRi IR (em/s)
/\ e
\% g
Bl / X A

C=3.64x10°- |- A (cn’/s)
M

AN [EX] Air at 20°C,

C=11.6 A (liter/s)
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SCAELFN T BT (77 =7 7))

o 115 (Orifice)fi & &L :
A = ST E A (em?)

C, :3.64-,/%-/1 (/) T = SR ()

= P74 TRl (am.u)

<

’ 'HE“%(‘ hFh,'(Tube)EU%&ﬁj- : A = fh v (cm?)
3.44%x10° | T A° B = {5 EELER (cm)
\/; M B . L L TE“;@”E’T’;% (cm)

[7]] 2% (Ny), 20°C: T 9%E: C,~ 11.7A (I/s)

,1}/[: §§3ai1<n.u. ﬁ@@@é@; Cr~ 627 x 104 A%(B-L) (I/s)
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3.44x10° |T A°
Jr M B-L
A=nD?/4 (cm?) ; B=nD (cm) ; L = #-< (cm)

« SEIEEYSE (C): C, :3.81-1/ ! -D3 (I/s)
M L

e RN ASES 2 S . r D3
o HIEATEN 08 (Cg) 0 C =3.81- : (1/5)
M L+133-D

[7]] 2% (N,),20°C:

IR A (Tube)fu5it . C, =

un

3
D C.=123—2 =“'73£4 (I/s)
C, =123=-(1/s) L+1.33D 1, oL
L 4D
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D=10cm

SO%XCA a-
L>40cm

0.4

— 20% x C,

L=D L>4D

Fig. 3.18 Transmission probability Py for tubes with circular cross section. Continuous curve:
calculated by using eq. (3.109); dotted curve: calculated by using eq. (3.107), points: Monte~
Carlo calculations; x-experimental values. After Levenson et al. (1960), (A. Roth)

[Ref.] A. Roth, ""Vacuum Technology™, 3rd edition, Elsevier Science B.V., (1990).
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L=2D
- L/D 4
1 — s .
. Osl
i
1/ " ;
3 XCA < i f
| i
TR, e
(A+BYr =L/
A+B =2D

Fig. 3.19

02 1

- |

Vrrslr Al A

Figl 3"2{)

Fig. 3.19 Transmission probability Py for a 900 elbow. Curves: calculated by using eq. (3.109);
points: Monte-Carlo calculation; x-experimental values. After Levenson er al. (1960).

Fig. 3.20 Transmission probability Py of annular pipes. After Levenson er al. (1963). (A. Roth)
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RT — R1 + R2
— +

Cc, C C,

G +C,

C xC,

CT — Cl XCZ

C +C,
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> FhE! T it

gt (Throughput

):Q

Q=C(P,-P,)=P,S (HifP: Torr - liter/sec)
4 ) 4 )
Q P, ¢ P,
\_ y, . _/
(Torr1/s) (Torr) (I/s) (Torr) S :
(I/s)
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E (S, )

S=C(P,/P,-1)

P S S . S+C

P, Seﬁf C C
_SxC S
eff _
S+C 1+§
C

C»S S/C~0, Seﬁr =S
c=S§ SC=1, SeﬁrZS/z"
C«S, S/C»l, Seff =C
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Steady state with distributed gas load
0=C( P

__QDBX

-dQO=g¢q »B dx The throughput through the length dx is :
qp - Thermal outgassing rate (Torr-l/s:cm?); C : Conductance of pipe; B : Perimeter of tube cross section
2
d’P d P q,B
D
dQ=CL—dx=—q,Bdx — ——5=- =
dx dx CL
B L x x
P=-to 2 908 i pmg Bl -
2CL C S, C 2CL
1 1 Circutlar Pipe
PL = qDBL( + 2 ) Diameter (cm) = 10
SP C L (cm) = 200 L
/ | .\ B (cm) = 31.416 ) j(];
! L I Alem?) = 78.54 5
€ > o 9.0E-
: : CUs) = 615 -
: \ X Sl - o0 2 SOE-
1 [ > ! P 2 708
PO X dX \ PL qp (Torr-l/s-em2) = 1.00E-10 6.0E-
PX dp Py (Torr) = 6.28E-09 SR
K S / Py (Torr) = 1.14E-08
P
(A. Roth)
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4 N
R s g
LA Hr 2

] A Y

.........
-------
o e,

Hr o
Chamber

......
,,,,,,,
zremne

EA
Roughing Pump

B o IR
Ion & Getter

Pumps
il
Fore line Pump
@ OCPA2010 [T5] Vacuum Technology 2010/07/31 #= Féqff /




4 N
T o SO ey
A 2 AR

—_—a

1. =29k (chamber, vessel)

0. e8] L
> 71| (pump) Q 4‘

g9 5 (gauge)

1. Q: A5k (outgassing rate, Pa-m’/s)
2. S: =R (pumping speed, m3/s) 7
3. P: 3 BXx(pressure, Pa)

Q~SP
1 atm = 10°Pa ~ 760 Torr
or
Q 1 Pa-m3/s ~ 7.5 Torr:l/s
P ~ —
S
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1L PP —
(a)7v Z: AL, S.S., Cu, Ti, Ceramics, ...
(b)yA= A RY (7 & ~ AT &~ AR
(C)RE 3k C;Aﬁ(cast) » ¥ (extrusion) ~ ZFi(sinter)

2.0 =i~ Pk %F\—J‘ﬁsﬁ; NS
3. & — &(TIG) » TIfIE (Brazing) "%"\5% (explosion)

ESIEVESE (HIP) ~ &7 %&%&(MIG) ‘
Ul (spot welding) ~ B~ TN (EBW)
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A

4. KRR —  [TEEDR (TR PATE) ~ EP (FREEUE) -
CP ({~5°pP) ~ CMP ([ SPA5HE) »
ROLHTEHGDC) ~ fLE (05) ~ HPE:

IR (VUV)

5.2k ﬁ — CF-Flange (metal gasket) ~ O-ring ~ Helicoflex
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A EVEHE (Surface Cleaning)

V1 v V7

1. Surface contamination usually contains machining oil, dust, salt, layers

of oxide or hydroxide, etc..

2. Some dust, salt, or o1l may be removed by acetone, ethanol, or vapor-
degreasing, but the contaminated surface oxide layers can not be

removed without chemical cleaning process.

3. In-situ baking, ion bombardment, electron bombardment, or VUV
irradiation, etc., are useful to break the chemical bonding and remove

the contaminants from the surface in vacuum.

e OCPA2010 [T5] Vacuum Technology 2010/07/31 é‘i‘%'ﬁq%
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-Physical Wiping/Polishing

-Detergent Washing

-Chemical Cleaning (i.e. Acids, solvents/degreasers)
-Sand/Bead Blasting

-Ultrasonic Bath

-Electropolishing

Most manufactures and labs have devised their own
proprietary methods, often combining these methods.

Avoid fingerprints and dust at all times!

@ OCPA2010 [T5] Vacuum Technology 2010/07/31 ;;;'Elljg
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(25957 (Chemical Cleaning)

U I I I AN

Detergent in Alkaline solution to remove the oil contamination. (may

assisted with ultrasonic treatment)

Rinsing in water. (may assisted with bubble treatment)
Pickling 1n an Acid to remove the oxide layers.
Rinsing in water. (may assisted with bubble treatment)

Ultrasonic bath in demineralized water (R > 10 MQ) to remove all

resident chemicals.

Drying to remove the water. (fast drying can shorten the oxidation on

the fresh surface)

@ OCPA2010 [T5] Vacuum Technology 2010/07/31 ,éii%‘[ﬂ,j%
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1. Immersion in NaOH (45 g/L) at 45 °C for 1~2 minutes.
2. Rinsing in demineralized water.

3. Immersion in an acid bath containing HNO; (50% by volume) and

HF (3% by volume).
4. Rinsing in demineralized water.

5. Ultrasonic bath in demineralized water (R > 10 MQ) for ~ 20

minutes.
6. Drying.
@ OCPA2010 [T5] Vacuum Technology 2010/07/31 ?{‘;'[ﬂ,ljf,:} /
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e Tungsten Inert Gas (TIG) gt
e e-beam Welding (EBW) ”qu"i N
e Soldering and Brazing g' Z=F15

e Hot Isothermal Press (HIP) ?ngﬁ*%ﬁ@ FAI

e Explosion Bonding *?f}%
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Correct designs

Real leak easy

Seal weld to locate
Seal weld vacuum side

Skip weld atm xf /

Full penetration weld

A& s
Skip weld for strength
Poor designs Poor conductance = Real or Virtual leak
virtual leak hard to find

Seal weld Seal weld

Seal weld

\

Trapped volume/dirt/oll
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Chambers for Bending Magnets
Tungsten Inert Gas (TIG)

Welding in Clean Room

OCPA2010 [T5] Vacuum Technology
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H P15 (Soldering and Brazing)

Soldering and brazing of vacuum components is a common and cost effective
method of joining.

Both techniques use a flux to prepare the surface. It can be difficult to remove the
flux completely.

Soft soldering < 300 °C uses filler materials such as lead, tin, zinc, bismuth, which
have high vapor pressures and are often not compatible with ultrahigh vacuum
systems

Silver soldering or torch brazing, accomplished at higher temperatures, generally
uses copper and silver alloys. These require flux in most cases. Alloys not
requiring a wet flux are available.

In the case of silver soldering where strength is required, joint design is important.
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E i L S oy R N PN

r
="\ - —

o I NRTEE p/\[*— = B (Gasket)
o PFHHNE Y — 2 F 5 (OFHC) (g
-%Héﬁ%—w%ﬁéau%mﬁw

o TILI(HWRFRREE & — R [

o =g — Helicoflex fiy = g (wire)
o 7EZ gf— O-Ring**
o hfEh T —
o [E55 (Bolt, Nut, and Washer)
o {IZB{ (Clamps)

Q OCPA2010 [T5] Vacuum Technology

# ¥ (Flange)

% jif«éﬁlg F\IEI E[
(R<1um>faﬁm
GRS AN
Eﬁ ﬁ/:u = ?ELI%HJ

** JBE BO-Ring & i
[ﬁi R S5 ST
W= PR FETIRITRAPS 955

(BB R
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R

O 0 1 O D B~ W N —
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. Vacuum Chambers H' 74

. Pumps = Z“’?ﬂ“?ﬁ]

. Gauges 9 5

. Sealing ¥ F] — Flanges % [, Gasket E}[5
. Valves H! Z“’F%EJ

. Bellows Ji{ 8¢

. Mechanical feedthroughs £5fiaEld |

. Electrical feedthroughs 5l |

. Special components ’ﬁj’ﬁii &3

— Ceramic chambers [i#=% g1 2=k
— Glass viewports ﬂ?ﬁ;ﬁﬂ Jip] ffiff
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L. B (DP, TMP) — FIGEDHIEE (= il )
2. BEF(IP) — W (= #1 )

3. Hh L (TSP) — Zsa (7 1% 5% )

4. ZEASE (NEG) — [ [#ifieiid (H, ~ CO)

5. HJIHZ (Cryo) — (M I (= 15 HRD)
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1. ASHS « #4=% — 1000 mb ~ 1 mb

2. EZuEl=U —1mb~1x103mb

3. WO ) — 1 102 mb ~ 1 x 107" mb
4. EWFEE—1x10*mb ~ 1 x 10" mb

5. WG, (D7 EY) — 1 x 10° mb~ 1 x 10719 mb
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R 5 (Qp)
(Total outgassing rate)

Qr=0Q,+QL+Qp
PR T 503 (g):
Qo — (o X A
Unit:
Q (Pam’/s) or Torrl/s
S (m’/s) 1/s
Po (Pa) Torr
q(Pa-m’/s-m?)  Torrl/s:cm?
A(m?) cm?
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Q T
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Outgassing rate (Q,)  © o | Pumps
$ o |
(GRS (Speed : S)
Q . ( Pressure: P,)
[~
A [~
N , N
Q PAELES SR RN
] #i | N
AL ALTLULARR RN AN

2010/07/31 =y

/




AR S

o QL :
Torr-1/s) °

o QP :

\/

¥ (Total Outgassing Rate)

Vs e I ERReT - — HEHNM R IITE! Bl (~1x107

B R o B PR > PR 1 e PR R

1] i Y = fk (S(<1x107 Torr-Vs) «

OQ ’Efl7°

@

ae] ~ HHES

I:ISF_F il:‘ [

TEATR e B e | B ke kst ~ SR
B Qb qo )y i PPk (B b A)=5 ik

_I_f

ETI V(AP IR S (<IX10°2 Torr )«

& EU T [ E [N s AR
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( urface Absorption and Surface Outgas)

* Physisorption (E<0.1eV)
 dipole interaction
+ weaker bonding
* non-selective
« first stages of condensation”

 Chemisorption (E>1ev)

.I....._........,..L.......l.... .

* SUIOI 1Jci nueractm 1
. B

» chemical bonds, ionic or covalent

» selective

QOOOO0 QOO0 OO0
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q FHIHTO!

q = = HT 6P 12 A4 (em?) R s B B E IR (molecules/s)

v 3
= Pa-m FPa-m
s-m’ 5
v' . Torr-{
s-cm”
v' . mbar !
s-cm”

v . molecules

s-cm”

v _mol

s-cm”

s | __Pam Torr | mbar | molec _mol
( S s cm? s cm? s cm?2 s cm?
F.'r
E'Sm \ 7.5x104 | 103 | 2.5x1016 | 4.1x108
Torr | 19 -5
—o| 1330 1.33 | 3.3x10 5.5x10
bar |
% 103 0.75 2.5x101° | 4.1x10°5
%:‘; 4x10-17 | 3x1020 | 4x10-20 1.7x10-24
mol 7 4 K] 23
—oa | 2:4x107 | 1.8x10% | 2.4x10% | 6.02x107
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Single desorption energy: mean stay time

Ey [Kcal/mole] Cases 14 [S]
0.1 Helium 1.2x10°13
Ed 1.5 H, physisorption 1.3x10°13
3-4 Ar, CO, N, CO 1x10-1t
b & . .
physisorption
10-15 Weak chemisorption 3x106
The mean stay time
(sojourn time) is 20 H, chemisorption 100
given by the
Frenckel’s law: 25 6x105
one week
Ey
ﬁ 30 CO/Ni chemisorption 4x10°
— B 100 years
Td z_me
40 1x10Y7
where the value of 1, is age of Earth
usually assumed to be 150 O/W chemisorption > age of universe
about 1013s
(=h/KgT).
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1 v\Tr\va’lfj _E.f_r ):/[L*'/ :i: ’[\_,j_‘
1 1110Ul11 IJ =, =T TTT |
Pressure | Molecular Density | Molecular Incidence | Mean Free Monolayer
(Torr) (molecules/cm?) (molecules/cm?/sec.) Path Formation Time
(cm) (sec)
760 2.49 x 101° 2.87 x 103 3.9x 10° 1.7 x 10
1 3.25 x 1016 3.78 x 1029 5.1 %1073 2.2 %10

103 3.25x 1013 3.78 x 1017 5.1 2.2x%x 1073

106 3.25 x 1010 3.78 x 1014 5.1 x103 22—
10-9 298w 107 2 7% v 1011 1w 106 79w 103 (27 rin)
10 3.20 X 1V 3./ X 1V Jd.1 X 10 '\Z.Z X 10 (57 mmy
1012 3.25x 104 3.78 x 108 51x 109/ 2.2 x 10°(25.5 days)

o 1107 Torrja TR A e el b ol [ R

° OCPA2010 [T5] Vacuum Technology
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P Molecules on Surface Time to Form
(mbar) Molecules in Volume | Monolayer (sec)
10-3 0.5 2.2x 1073

10 500 2.2
10-° 500,000 2.2x 103
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t > 1\
I = N

Rate of outgassing 1s dependent upon the base material,
temperature, and time.

General outgassing rates are in Torr liters sec! cm™ at a defined
temperature.

Detailed considerations require the knowledge of the rate for a
specific gas species from an understood surface.
Surface state 1s important

& Untreated (as received)

& Machined (cutting oil used, etc...)

& Degreased (method and solvents)

& Post fabrication treatment (baking, degassing)
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2’ % (Thermal desorption)

AN

1. BWisapy = Q, ~ exp (-E4/KT)
E, --- Surface blnding energy of the desorbed gas (P22EI[* [})
k --- Boltzmann constant (8.6x10 eV K-1)
T --- Temperature (" K)

o ERAEURE R
) R AP E
! %ﬁﬂ'%ﬁfﬂﬁm“ﬁ?*iEﬁHWWC (SR -

'_L

i res

o) MU R5T S (H0)HE 2 VB 5 HEE 50 (Hy) bRV 2 R
Ko

d) %W*Wr M E BRI R o R R S S Y A
JOEFR BV -
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s AL Pumping Down Curve)

0 . ~-(8/V)t
10° N\ Volume Pumping, e F%%H“ &

1072 l
‘:';‘ ‘ — ISR =
& 107 — F PRI
A, ""lf-.

- ] — ’ T =

107 =1 — RPHERR
W
5 |
2 1078
F] | -
ni: , Permeation, K N

10-—10 | \ . D ﬁﬂm%“

\
i ‘
) I U R e e I\'l | ) 1
100 102 10,. 105 103 101!‘1 1012 10“
Time (s)
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& %5 EY(Ultimate Pressure)

st [N

1. Curve (a): [Ideal case] %.;p V) - %wﬁm )
Q = 0 (No outgas) v .
V(dP/dt)=-SP P, Vot P o= @QmV— P8

2. Curve (b): /[Real case]

Qz0 =9
Q=SP+V(dP/dt) N
-

(1) when dP/dt ~ O, %
P~Q/S A

*Q determines the ultimate P.

(2) when S = O (Build-up!),
Q~V (dP/dt) 0 Time , t
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g 55

Jﬁ\

AT

LREREE

7 [ £ LENE S E e &g 5 TR MR
A PP ISz s TR S e
RTEakiel 4R (O-ring) ~ BT8 ~ Sl ~ Gt Viton ~ 8 ~ £ ~ £} + £ » Inconel BYTIE
o izt S~ fiF1E ((Sapphire) + 714 (Quartz) A 1
AT S~ Bl 2 S~ 5L 2 TR
AT [ U T E A A A [« Macor ~ PBN By
iE Nzl [(REFES > §1F(Grease) Gl TR ER 8 [z
R 54155 71 £ (Nichrome) - 4 1 5k 4 R
Al i S~ 5 Sl ~ 5 A
Bt I+ LI R S ~ Inconel ~ T4 e
O (R v AT TR S WA B RS
HIE i A~ LE 5 A
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— A7 =S =
Fre s B CHY B S EED)
VNN /Y —a X171 ¥ / 4
* Pressure Unit: Pa
Temp.| 4K | 20K | 77K | 195K | 273K | 300 K
Gas (LHe) | (LH) | (LN, EZHF) @b | (D
He > 103
H, 107 > 105
Ne <1011 104 > 103
N, <101 108 > 105
CO, Ar, O, <101 10-10 104 > 103
Co, <101 10-6 > 105
H,0 <101 10! 103 10*
PITE HR EEREIPE PRR R b T ST B
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* Pressure Unit: Pa

Temp.| 300K | 423K | 573K | 873K
Materials 27°C) | (150°C) | (300°C) | (600°C)
&k (Zn) 10° | 2x105 | 2x10! | 2000
=% (Mg) 107 | 4x103 133
£ (Ca) 4x10-6 1

PR T T P

S PHRI TSRS -

Ik SEY(Vapour pressure) # e +TJE/‘?Z[ 53 drak
(iR E = R Lar ‘fﬁél% | Eﬁ  HNREHEEC 150 °C) » #1153 i

I I iy 25 SV PRI > S 150 °C

Fj b R S2X107 P B3 7 PP gl ot 2 oy S 2 il
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i) A= —f_ SE V4l [
K = pIASL TR

MDA

1/

b
_ég,
N

10 T |

Example:
q: outgassing rate per area 2 T Neoprene

10 -
A: area of material \S.l.

ﬁé Pd B -
. = Polyimide
Q ~ q A: total outgassing rate g ~ o
S: pump|n9 speed = 10_4- 8 (before baking) |
;:} %eﬂon
P~ Q/ S: Ultimate pressure £ 0 KebF o
. -6 Viton A
For a pump with S ~ 1000 L/s, A (after baking)|
or S ~1m3/s, B
10 1 1
PNQ/S"‘C,A/]."'QA ) lﬁI?. . 10) 100
1ime our
* 1 Pa-m3/s-m? = 1330 Torr:l/s-cm? (g ~ 1100 Torr-l/s-cm?)
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1 hour
Aluminum (anodized) 3x107°
Aluminum 8x10™’
Brass 2x107°
Beryllium 1x10°°
Copper 1x10”’
Copper (OFHC) 8x107°
Delrin 6x10°
Lead 1x1077
Mild Steel 2x10°®
1018 Steel (Ni plated) 2x10°
Gold Sheet 8x10°®
Titanium 1x107°
Stainless steel 5x10°8

Average Outgassing Rates™

Outgassing rates in (Torr Liter/sec cm?)

Evacuate to vacuum

10 hours >24 hrs

3x10”7
5x108
6x10™"
5x107
5x107°
2x107°
1x1077
2x107®
2x10”7
5x107’

not available

not available

1x10°8

8x10®
1x1071°
1x10”’
1x10°°
1x1071°
3x10H
7x1077
4x107°
3x108
1x10®
5x10-9
5x1071°
1x1071°

3x10°°
8x107’
1x10°
1x10°
1x10™
8x107°
6x10°
1x10®
2x10°°
not available
8x108
1x107°
7x107®

Surface Condition
untreated degreased polished baked

3x10°
1x10®
1x10°
5x1077
1x10®
8x10°°
not available
5x10°8
5x1077

not available

1x10°8

not available

1x107°

N/A
1x10®
8x10°®
1x10°
1x107°
5x107’
not available
1x10®
5x108

not available
not available

not available

5x107°

2010/07/31 #3

5x10710
5x10713
N/A
N/A
1x10712
1x10712
8x10”’
N/A
5x1071°

not available

not available

2x10712
3x10713

*Rates can vary significantly, depending on pre-cleaning and preparation
methods, and system history.

@ OCPA2010 [T5] Vacuum Technology
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Average Outgassing Rates™

Outgassing rates in (Torr Liter/sec cm?)

Evacuate to vacuum Surface Condition
1 hour 10 hours >24 hrs untreated degreased polished baked
Epoxy (SheII Epon) 2X10-5 1X10-6 not available  not available  not available N/A 8X10-8

Buna N 8x10° 2x10° 8x107 8x10°® 8x10” N/A 4x10°®
Neoprene 3x10° 8x107 4x10° 3x10° 6x107 N/A 2x107°
Mylar 8x107 1x107 7x10° 8x107 N/A N/A 2x10°
Acrylic 2x10° 1x10° 5x107 2x10° 8x10” N/A 1x10°
Teflon (polyfluorolene) 2x107 8x10° 2x10° 2x107 N/A N/A 8x10°
Nylon (polyamide) 5x10° 3x107 4x10® 5x10° N/A N/A 6x107
Lexan (polycarbonate)  7x107 2x107 6x10° 1x107 N/A N/A 8x10°
PVC 5x107 3x107 1x107 5x107 N/A N/A 8x10®
Silicon rubber 7x10° 8x107 6x10% 7x107 2x107 N/A 6x101°
Silastic (sealant) 5x10° 3x10° 6x107 8x10° N/A N/A 5x10®
Viton 8x107 5x10° 2x10® 8x107 1x10” N/A 5x10°
Steatite (ceramic) 5x10° 1x10® 7x10° N/A N/A N/A N/A

PyreX (7740) 1X10-7 2X10-8 5X10-9 not available  not available N/A 2X10-9

*Rates can vary significantly, depending on pre-cleaning and preparation
methods, and system history.
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Diffusion phenomenon on
the surface is more

obvious for curve 1l &

with < 12 ppm of H,O
contained N, purging.

@ OCPA2010 [T5] Vacuum Technology

J.R. Chen et al, J. Vac. Sci. Technol A12(4), 1750 (1994).

Outgassing rate (Torr.1.sec’.cm?)

10-10

—_
)
1
—_
=

—_

S
—
)

FANFEYA60635 & &)

curve [ 12000ppm
curve II 12ppm
curve III Tppm

S
p—

I \\HH‘ I \\HHI I I \H\Hl
I 10 100
Time (hr)
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= Permeation 1s the ability of a gas to pass through

solid materials.

m Materials have permeation rates for different
gases specific to that material.

o Examples: steels have higher permeation rates with higher
carbon content; copper has low permeation for all
gases;aluminum has low permeation for hydrogen.

= Polymers are permeable to all gases.
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1753 F (Permeation)

A. Process of permeation: (= small leak ! )
Step.1 Gas adsorbs on the outer wall.
Step.2 Gas diffuses through the bulk.
Step.3 Gas desorbs from the interior wall.
B. Permeability:
K, =D (diffusion constant) * S’ (solid solubility)
C. Steady state permeation rate, Q (Pa m/s or W/m?):
(a) Non-dissociating gas: ( He ... )
Q,= K, (P, —P,)/d; where K  (m?s)
(b) Diatomic gases: (H, ... )
Qp= K, (P,"2—P,2)/d; where K (Pa'?m?¥s)
(* Gas dissociates at Step. 1 and diffuses as atoms.)

@ OCPA2010 [T5] Vacuum Technology

Thickness
of wall
Atm. d Vacuum
side +-—>

side

Step.-1} -2 -3
@

v

P, P,

Outer Interior
wall wall
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7 5 (Permeation) [ |2
O S \ / 1/ 94
Permeation rate for H, : Permeation rate for Glass:
Cu ~ 316L >> TiN-304L > Al He >>H, > Ne>> O,
I 1 I 1 1
RREET
. G 1000 500 300 200 100 25 3
- - _ T T I T
1E-08 moF L
\ Helum —107° 8
<~ 1E-09 F “‘ Ay ‘s 316L - =
Z A ﬁ A 100+ 1010 .
= . QA f B
Q 1 E'1 0 = \\‘ 80‘ A‘ﬁ- e
g Au \‘\\ ‘O\ 10 t+ E
: CTiN-304l\ 10" 5
S 1E11 | (lum) o 5i02) =
g * 0_ . ogygh?:rt(orll Z Corning Code 7900 ¥
& 0)("31 6'- 1 - Y _
‘ 1 l ~10-12 g
[al | N
= qE-12 SN N N R— 1.0 2.0 3.0
1 1.2 14 16 18 2 22 1000/ K
71 (1000k")
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B3k Q=%,Q =% qa~ qA (A=Xa)

n ESgTY (@%ﬁ' ’“Eﬁ)
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o I — 5 ~ W0 G5 B
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Composition of the Air

1.0E+03 6.0E+02
1.6E+02
LOEH02 w=reemremammeammeaceedacenacencadib oo L e e e
1E+
~ LOEHQ] we-ceeecceaceaaeacaammeaaeaaaad b . L TSP STTURRRPR
=
=
\3-:; 1.OEHQ0 ~===-=cceccacacccaaaf foccoacaan 02257 2 0 ) I
2
B K0 () IECEERTTEEREEEEEERERES 0 SEEEEREEE e
& 1.4E-02
= 1.0B-02 ------ 4-0E-03 ------- I
E 1.5E-03 8.4E-04
1.0E-03 3:8E-04 - B e J SiN Y
.6E-
LOE.04 J . ..5=3.E.r.Q5..I...I..6.§..95.
10E_05 | . | 1 l_l
H2 He CH4 H20 Ne Ar CO2 03 N20 Kr Xe
MASS
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107 5 x \ \
O A 6063px(H0, 1 week) N
X A 6063x(H0 , 1 day) .
A A 6063px(Before HO , air, 1.5 year) S S Chamber |
. °6 o Clad A0S0 (virgin) 1. Original (Chem. Cleaning)
o ° v Clad A1050 (air, I day) 2 2. Venting with dry N, _
° 1n8 3. Exposed to air for 12.5 days |
o 10 AN ]
. g D) 4. Venting with air B
A X - Q |
NI %o - -
> A x o : 5
= A% o,
g 10° | DN %o : 7
< 5 % ° =
- %A x N o _
£ A% %, =
e B ey o 2
o o A
E Vv . T XXX w ¢-120 ?é
2 v S0 % . 9 =
7 v a9 e 10 t-1.050 B
<1 -9 | o x =1 ]
® 10 v . A T -3 -
o} Vv o A e ©n —
v . A Xy <
v _fee s {-1.17 = B
54 . A =] a
v, © £-1.060
v{% A t-l 23 _
-1.040
10 |
10 v, % t-1s 2 t
V.
% ¢-1.10 10 -
10 .
10_11 | | , 5 i i | i i
0.1 1.0 10 10 0.1 0.2 0.5 1 2 5 10
Time (hr) Tll’l’le (hI')

‘%HFL\II% 7\%‘;/,1
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Q=S P+ V(dP/dt)

Q~ V(dP/dt), whenS~0

P(t) ~ (Q/V) t + P(t,)

[¢]

to £35SO

0@%%[?4 %Eﬁjﬁ?ﬁ]ﬁé{}%ﬁ%%&@ﬁj o

"B i Ne, ALSTTIE B > AR (B
H IR S R A
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PRESSURE (mb)

[ \/f() \\ ! __‘t: -\_\‘:rA
E [ == MU ASE Sl g
i ° J

-10
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I 10 100 1000
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= H,0
O 1078 _
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2 4 6 8 10 12
Time (min)

OCPA2010 [T5] Vacuum Technology

Current ( A)
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Outgassing rate (Torr.1.sec’.cm?)

curve I 12000ppm

curve II
curve III

il
ry 1 L)

10~ T T T
0.1

I \\\HHl

1 10
Time (hr)

10~
12ppm
Tppm VIL
107
O
g
Q
wa
= 1010k
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o
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<
&
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R
2
gﬁ 10 11
=
@)
T T T T 10712
100
103
0.1

Vil

SUS 304

N, extremely dry

OCPA2010 [T5] Vacuum Technology

Time (hr)

2010/07/31 =y

/




~
/

g2 FENH A xR

= RN
i B R E EEDH
ORI R R R




-

©

o 5 A

1119~ 4

T Tl S R B LSt S gl
WTWO

§9§Wﬁﬁﬂﬁ?m%w%ﬁ%

/f\'
o

22 B | R R AR )

<N

i“lfaHf ‘gj e FTTFW&“N T?T (il 2

et P e

Vacuum

Ultra High

High Vacuum Rough Vacuum

Rotary Vane Mechanical Pump

Rotary Piston Mechanical Pump |

@ Dryv Mechanical Pump

Blower/Booster Pump

Sorption Pump
i |

1 ]
]

Venturt Pump
\ \ \

T HELE T T o 102 10 10% 106 104 102 1 107
Ultra High :
. High Vacuum Rough Vacuum
TMP and Dry pump (DP) for Roughing Vacuum | = Z
and Baking ' '
Diffusion Pump (7771 I V7
1 1

Sputtering ion pump (SIP) for UHV

Pumping include noble gases (CH,, Ar) @ Turho Pump 777777

Non-evaporable getter (NEG) pump for ~ Cryo Pump [y /7777777

1 1
wmn Pump
SP /NE

H, and CO Pumping
Titanium sublimation pump (TSP) for
Chemical Getter Pumping
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Rotary Vane Mechanical Pump ZZ
Rotary Piston Mechanical Pump

Dry Mechanical Pump

Blower/Booster Pump w
Sorption Pump 727
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Turbo Molecular Pump (TMP)

b T o
Turbo Molecular Pump (TMP)

;o

Moving Wall with Speed V

\

P ¥ 5

Volume flow rate [

3

ek KL

AR R R L

S,

07

IHlmEE
i

10 10° 10 10 10 10° 10 Pa 10
1cr 10 10° 10° ' 1 10" [Tor] i
Inlet pressure

Backing pressure (7, mbar)

B T8 e T

(A) s A R T

(C) #Rae i X+
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Compression Ratio (K)
=

l[}ll’l

—
=]
*®

—
=
e

(-
=
=]

[
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| 1. Normal (Full) Speed 1
| 2. 65% of Full Speed
— ¢ Hvdrogen 9
L+ Helium
| a4 Nitrogen
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Cryogenic Pump

TN EDH]

(a) 2 ZF]iH+
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BRE J‘Z,i (Cryo-condensation)
(SR (Cryo-sorption)
[EHFPE (Cryo-trapping)

@ OCPA2010 [T5] Vacuum Technology 2010/07/31 Ejr-‘-FTJf:j




-

*1J

BT 150 B L

H

ARE EWARE 185 B
‘ 'ﬂ.?i&f\

RIS ot — e R G AR 4k
A i 4t T 4 ah #24 (Non-
Condensible Gas) + 4w

\inms—mmsu‘xwunx He -~ HQ& Ne Pﬁz F1H % 1L
1 [0S F g #13°3 I KA 3 otk -;
@B RN 10~20 °K U: Byl T ARG AU
H1 N WEBMKDo h" ]‘éﬂi« ﬂ'j'j.f HE -ﬂi’“‘
OEEREHR iﬁﬁf} fie 64 11'4.3"({111' E
R FUTEh B oy 3P 18 i
B3 RAHBCR -

R 3 1K, 4 7%

(%88 4 8 A P AR 60 e @ A el sy
PN m ARE o FERT R A s 102 F &5 5 A3 450 65 ALg
AR D> i SR 7 RURE ) sl AL " 500 (o 58 A i SL AR 5 04
&R EME - —ades | 107 kY AL (4o 8L R) ¢ A e
—~Piks | 760 anTREI0H - BIF 85
L 760 7 5 ik R I AR R 2 A
EES 760 B -
i 350
i T60
R To0

JEim i B 100C ek A R AR N

OCPA2010 [T5] Vacuum Technology

(Charcoal) -
A FALE Sy F iR AR R
hf G

A A [ Nyn,
45
H,/Ar 1.0

H,/CO 0.5

H,D, |01

‘He/Ar 3x10-

'He/D, 2x10°

S04 LA AN AL Th=4. 2K 0f & i i 1t 5

2010/07/31 #=,

[ﬁJ /




-

Sputtering Ionization Pump (SIP)
gt A #F 5 K R AT A

Sputtering lonization Pump (IP)
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TiS utter L —
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Cathode Maximum Sputtering
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Buried AF:gon Atoms Argon lons

Pumping Mechanisms
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Non Evaporable Getters (NEG)

Any Length

|

/Substrate: 0.2 mm

~— o
Substrate: Constantan Coating: 0.07 mm

NEG coating: ST 707: Vanadium, Iron, Zirconium
-~ =
NEG & 7. /7 ¥
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! 27 7E'HER o0 Z
sy b 2 hathsE O
S50 ey — O
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e
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@ OCPA2010 [T5] Vacuum Technology

HYDROGEN
HELIUM
WATER

METHANE
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ARGON

TRIODE STAR

Non Evaporable Getter (NEG) Pump
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Titanium Sublimation Getter Pump (TSP)
S RO

Typical pumping speed for various gases

ol H,0
CH H 2 :
¥ ‘o ﬁ H, ® on sublimed titanium surface
@ 5 (liters per second per square cm)
/ / Teal;)r;?;:fure Hy N O CO CO; HO
@ 000
@ 000

0000 000000:°000°00

...... AR AL AL L 04 10041 200 | 31 46 93 93 78 31
0000000000 . 0000 0000 196°C [ 101 101 108 108 93 140

0000000000 00000 0000

TI-BALL
GEOTT [ "
HEATER TSP Designed To Reach Lower (UHV) Pressures
MINI TI-BALL SOURCE - Provide Very High Speed At Low Pressures For All
]m M SOURCE Getterable Gases
(15 GRAMS)

Zero Pumping Speed For Noble Gases And Methane
AFILAMENTS m Limited Use (Life) At Pressure Higher Than 107 Torr

TITANIUM
FILAMENTS
=1 (4%: GRAMS)

L
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o TMP— i~ HPEPEG

o IP- ﬁﬁfﬁfjﬁqﬁl 1% (H,, CO, CO,, CHy, H,0)
e NEG - & &t (H,, CO)

o TSP — &l 45 (FE5R)

e Cryo-Pump — ﬁ{ﬁ UEBTIPES
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BT Type D my
Low ult pressure Rotary Vane Backstreams oil
Low cost Can produce hazardous waste
Long pump life Synthetic oil
High volume Rotary Piston - Safety valve
Low cost Noisy
Vibration
Cleari Yy Scroll Permeable to small gases
Low “dry” ultimate pressure Clean applications only
Quiet Diaphragm Low pumping speed
Easily serviced High ultimate pressure
Frequent service required
No backstreaming Hook & Claw Expensive
Low ultimate pressure Roots lobe Frequent maintenance
Requires purge gas
Low cost
No moving parts Sorption Requires regeneration
Clean pumping Limited pump capacity
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By TYPE

High H,O pumping speed CRYO
Mounts any position

LN |

Regeneration required
Affected by heat

Clean
High pressure

° OCPA2010 [T5] Vacuum Technology

Clean Some vibration

Low cost VAPOR JET Backstreams

No moving parts (DIFFUSION) No pressure tolerance
Low maintenance May require coldtrap
Clean ION Low throughput

No moving parts No pressure tolerance
Needs no attention Finite life

Continuous pumping TURBO Mechanical bearing

Vibration
Cost
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Roughing High Vacuum Ultra-High
Systems Systems Vacuum Systems
a. Oil-Sealed a. Mechanical Pump a. Dry Pump
Mechanical Pump b. Baffle or Cryotrap  b. lon Pump
c. Diffusion Pump c. Titanium Sublimation
Pump
d. LN, Trap
a. Dry Pump a. Dry Pump
b. Cryopump a. Dry Pump
b. Turbo Pump
a. Mechanical Pump a. Dry Pump c. lon Pump
b. Booster/Blower b. Turbo Pump
Pump
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o HhS ~ FEH — 1000~ 1 mb

o EUHC . F_,ﬁk:k‘—1~1><10-3mb

o WS Q5 H) — 1 x 102~ 1 x 1010 mb

o ZF\LEWE:‘—I x 104~ 1 x 10" mb

o BT (RGAJIE! 77E9 — 1 10%~ 1 x 1070 mb

Ultra high - High vacuum
vacuum . :

Thermocouple |I|||||||||||||||I||||||||||I||||I||||||||||I|||||||||||||||||I||||||||

rrrrrrrrrrrrrrr

Hot fllament
[V Ion gauge

|

|

|

- |
RGA (Residual G?s Analyzer) |
. I

|

1

10360 36° 0% 107 105 1065 10¢ 10° 107 100 10" 10t 1 10

Pressure
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=" Bourdon Gauge
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Bourdon Gauge Capacitance diaphragm Gauge

et AP & I

MY 0
= H PSR X A

# N i [

AP §Eia R o

(FL{ F“[C —& A/D)

. Demodulator| ‘ Tuning | -
) ' Output
signal
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N 7
e — Oscillator
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El=% Convectron Gauge
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7ZZ\N TN

convection

Heat conductivity through a gas

Radiation
and

conduction
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Cold-Cathode Gauge (Penning Gauge)
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2kV =A% iﬁ'f Al o Fl 17 Penning Discharge
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Inverted Magnetron Gauge
1d Cathode Gauge)

I,
l/

Cold

@

AUXILIARY
CATHODE

1ON
COLLECTOR

1}

(7) 10N CURRENT AMPLIFIER - ]
, > E
> g
P “ .
I = I %
N7 a

Magnet / o

(Vacuum)
Flange
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RN H 2 (Tonization Gauge, 1G)

Effects in Bayard-Alpert
gauges

EE )
(8255

1: The desired ionisation

2: Electron stimulated
desorption

3: X-ray effect

4: Inverse X-ray effect
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ke dr 3 (Tonization Gauge, IG)

[Jﬁri mgmn fJ ~Eif }?a&ﬂa Wﬂﬂ”;’? Ko WS - F RIS
[ Jo Eiip l fﬁ

indrical electr —
Basic Principle: O alection grd
' (Ex) Bayard-Alpert Gauge
=1,PS
€ I+ e
— Fine wir
P - I S ion zgliecﬁon BN o 2
e : \\ o o
+ . Hot ellectr{m g g
I* 2 10on current emitter J! e o
o o]
Ie . emission current ("‘mA) Gas  Relative Sensitivity o o d&)
Ar 12 44 ° 7
P pressure CO 10-11
S : gauge sensitivity (~ 25 Torr 1) H, 0.40-0.55 |
He 0.16 /
H,0 09-10
* X-ray Limit of BA Gauge ~ 2x10-!! mb N (1)02 =y
Ne 28 —
* Extractor Gauge (hidden collector) 0, 08-09 | I
. . . Solvents ==
(e-field/ magnetic-field shielding) oent
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I T 2 (Extractor IG)

G S EE A F Ton
Collector (IC)[Eipsg » ™ 1]
Extractor 1 B fiy[is o [ Plirs=iy
RS i B = ICT H] S
4 E(IY) - Ton Reflector (IR)
AR B 2 JJ}[‘\EJ’/@?'%%
SEICHY[ER] -
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Residual Gas Analyzer, RGA

Sensor (lon source, Mass filter)

Quadrupole exit
Focussing plate diaphragm
(extractor diaphragm) lon source exit
” diaphragm
Cathode (tofal pressure measurement)
\ Anode \ @j
"" |
Shielding ~_ X ( ‘\ =
c Z'___________._.- -
| | | 1 |
lon source Quadrupole separation system lon detector
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RGA Detector

Channeltron Detector (lon collector)

- Positive ion
Separation system output \\‘ ]
Collector
j Eentmn SUppressor // N K

Faraday cup S
=~ e e —
\ : ,/'T = ; -~~_//’J ﬁmphﬂer |

> Connection o
/ to front end | B |
of the inside ' . . |
surface v Resistance of the inner surface v

LAVAVAVAVS |

Amplifier T Resistance = 10° l

Negative high voltage
“R=4.10%0
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RGA ~ =R — PYbiFilterf5H

Lll'l_‘[

&

=(U+V 0O cos mt) - (x2=y?) /12

o = radius of the cylinder which can be inscribed inside the system cf rods

Exerting an effect on a single charged ion moving near and parallel to the

center line insice the separation system and perpendicular to its movement
are the forces

F, =—28. x.cos (o -t)
2 o
0 b |
F, = _2_3-3:- c0S (w - 1) “""""‘T“”"’
rﬂ € .
F, =0
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e |
7
i \ > _ 4*ery
o2 o4 s | o8 10 q 1" mea+r s
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Kr and CH, Outgas (NEG

L - [Maonitor : PSD_141.s0d]
E FEile Functlons IMonitor Tools Xiew Window Help

_ =] x|
_=1x]

o lemw| BD(=(2] 2] = -] E=lil&leH]]

AR Pressure = -1.878-007 Torr on Sensorl_P1 TSP2: Scan # 658 Jun 02, 2006 - 13461492 Mlass
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32.00
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40.00

A
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FPAmn
hlin ARATT
heax ANLT

Spectrum Mode

32
3

0
100
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[PSDer

Amps b 3.48-008

7
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sn o 'rn o sn 0 100.0

For Help, press Fl |Recalled Data File DAVGRY9B1BLASS02-NEG_Chamben\NEG2-1(9502200R G A spectrumi\PS |Advanced
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Signal SEM-current

=~

Cracking pattern analysis (Peak identify)

“H,....... 2]
-CH, ....[15][16]
“H,0 ....[17] [18]
Ny [14][28]
~CO .....[12][28]
“Ar ....... [20] [40]
- CO, ..... [22] [44]

Residual Gas Spectrum

pressure = 1.5°107" mbar
4.00E-010 1
z

3.00E-010 4

2.00E-010

1,00E-010 co

c H co,
0.00E+000 —L r r —L
0 20 40

mas number [amu]
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lon-Source

Intensity [SEM current]

.

w12 5. Residual Gas Analyzer (RGA)

Mass-Filter

h l_‘ o

0_0 ) lon Counting
)
] :I Faraday-Cup
2]
J
egi\;‘“/
Electron Multiplier
Virtuel Leak at a total pressure of 1.5*10™"" mbar

The sijnals & mass 16 and 12 are clealy Kenliied as EIL-lors
3 00E-010 . xﬂﬁ:ﬂﬁ;mzz&?men and argon in the reskiual gas
H2 Hotwever al an intagrd 1eak les no lesk coukd be delected;
the caneluskon ks thal therels a '-‘:f'_-"-ll'ﬁll wiriuel ek
2.50E-010 4 .
CO
2.00E-010 - N
1.50E-010 -
Df
1.00E-010 = .
N .
I F
5.00E-011 -J\j / o,
Ar +
1 ,J co
A 2
0,00E+000 Lﬁ‘— p—fal d, . o ' - )
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o), N 3 min pressure build up .,
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Assembly test for IP, RGA,
and Gauges
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(Diagnostics for the UHV Systems)
Lo SES? CRUNEL? JP(p 2 #)
~ (@ Q/S (®Q/S

I l

FESTAL @) AR (0) 5ty )2

(1) RESEEE AP DR FE IR -
(2) W+ F7 BRI -
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L FPRIBEES ] — (YRUFRIA RS « T )
(a)7vZk: AL, S.S., Cu, Ti, Ceramics, Viton, ...
(b)ﬂ“\rl G SR AR S RERETOR .
(c)JRE T C;Ag(cast) . @?ﬂj(extrusion) ~ BT~ i (sinter).

2,907 =i~ Bk Pk %F‘”J‘ﬁ}?l B (RN HRE - )

3. 4% — & E5(TIG) » T@%(Brazing) "B (explosion) ~ ZUSIIESES (HIP) -

£FHFEMIG) ~ T S (EBW) « B85 (LBW)
(CYRESRRIEDE T FPRT " RE « AR %)
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CMP ([*SHASPU PR ~ ERATVER(GDC) ~ L3 (05) ~ )
Al ~ AP~ HUE - = 9HA(VUV)

R B I & 50 5dnd)

¥ fﬂ? ¥ (Flange)¥F17+ [ * Metal Gasket + Helicoflex
Metal Wire ~ O-ring (Viton, Kalrez, Elastomer,...)

(:E“uu fLE T ;/DJF[\/T+T {*L:{ijﬁ 3;&%}14{ [ht” .14,:

ﬁ‘?‘ I} [FI JEI—JF{IZEEII LLFI jﬁ‘ﬁ*ll F[ J,&%‘} Eﬁ %E'J L’%l ﬁﬂf’ﬂ r;f‘ F[ Jh
TEREL T U GER T )

OCPA2010 [T5] Vacuum Technology 2010/07/31 ?{‘;‘[ﬂgj\%

/




® Ideal vacuum chamber
= maintain vacuum pressure forever after switching off pumps

® Real vacuum chamber = pressure increase without pumps

® outgassing and desorption

® leaks A
leak +
2 desorption
o
2 e — leak
% = dP/dt _ /
N desorption
Q~ V(dP/dt) e >
time
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@ No vacuum system completely leak tight = even not necessary

specify acceptable leak rate in order

to reach required pressure

0/=7 22
At
mbar-lis Torr-lis Pa'm3s cm?/s
miban-lis 1 0.73 0.1 099
Torrlis 1.33 1 0.133 132
Pam?3s 10 7.5-10-3 1 ~10-2
cmils 1.01 0.76 0.101 1
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e Operating pressure p < 104 mbar
e In principle any type of RGA possible

® Most sensitive/safe = mass spectrometer
with 180° magnetic sector field
® optimized for mass 4 (3,2)

] i lie
iI_E(‘F ion collector
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® Tracer probe

® gas penetrating into the system _

® pumped via detector

_ | —

leak
detector
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(Notes for Breaking the Vacuum)

o REHFIE &FH(FRGA) W ESEIH - I EsZ8r G gy~ Byl b s

Pl -
o [ﬂgj%’ﬂﬁ 9 AR 1 U TRITLT I 2
! | RS £ g
%{ Fﬁﬁﬁlgy%&%@[ | R S SR J,H isv_,_qﬁf[hifffjfylﬁig %Jﬁﬁf« (i

(Bellows)ie#/3E158 -
° 1#7@ %Tmf‘,jf/\:ﬁgr"r—r'lﬁ1—7@ JD%?E(—QFJ: ?ﬁ [S'H:A{]J‘ [":ELE ‘{ﬁl@tf(cold trap)[‘}
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o AR -V ()

o TERIATH - A (cm?)

o SFETE TR FEIFUSESAE — C (I/s)

° @H'ﬁﬂ" Rl — S (Us)

o FTEE | FHIRGHES — S (Is) = (S-C)/(S+C)

. %ET’“F'I%BJ;’?‘}‘ — Q (Torrl/s)=S’-P

o ' EhH APEA T AR TR R 1 50 —
(Torr I/s:em?) = Q/A
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Outoassinge rate units

Torrl/s e’ mb-1/s-cm® Pa-m/'s molecules/s-cm?

1.00E+0)0 1.33E+H00 1.33E+03 3.28E+10 Outgassing rate units

1.00E-01 1.33E-01 1.33E+02 3.28E+138 R i

1.00E-02 1.33E-02 1.33E+01 3.28E+17

1.00E-03 1.33E-03 1.33E+H00 3.28E+16 1.OE+0]1 ¢ 1.0E+04

1.00E-04 1.33E-04 1.33E-01 3.28E+15 1.0E+00 E 1.0E+03

1.00E-05 1.33E-05 1.33E-02 3.28E+14 1.0E-01 ; 1. 0E+02

Loper  rswer  wee sapn VEO2 L.0E+01

1.00E-08 1.33E-08 1.33E-03 3.28E+11 1.0E-03 3 L.OE+00

1.00E-09 1.33E-09 1.33E-06 3.28E+10 1.0E-04 1.0E-01

1.00E-10 1.33E-10 1.33E-07 328E+09 g 1.OE-05 1.0E-02

1.00E-11 1.33E-11 1.33E-08 328E+08 2 1.0E-06 [ 1.0E-03

1.00E-12 1.33E-12 1.33E-09 328EH7 = 1 .0E-07 E 1.0E-04

1.00E-13 1.33E-13 1.33E-10 3.28EH)6 g 1.0E-08 ; 1. 0E-05

1.00E-14 1.33E-14 1.33E-11 3.28EH05 1 0E-09 [ | 0E-06
1.0E-10 & 1.0E-07
1.0E-11 ¢ 1.0E-08
1.0E-12 & 1.0E-09
1.0E-13 E 1.0E-10
1.0E-14 1.0E-11

o0 ZS23853533338
SSooossc oSS e oSSz

' 2
Torr.l/s.cm

AN
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1.OE+04
L.OE+03
1.0E+02
1.0E+01
1.0E+00
1.0E-01
1.0E-02
1.0E-03
1.0E-04
1.0E-03
1.0E-06
1.0E-07
1.0E-08
1.0E-09
1.0E-10
1.OE-11

Pressure units

1.OE+06

1.0E-11

1.0E+05
1.0E+04
1.0E+03
1.0E+02
1.0E+01
1.0E+00
1.0E-01
1.0E-02
1.0E-03
1.0E-04
1.0E-05
1.0E-06
1.0E-07
1.0E-08
1.0E-09

5
5
-

1.0E-10
1.0E-09
1.0E-08
1.0E-07
1.0E-06
1.0E-0
1.0E-04
1.0E-03
1.0E-0
1.0E-01
1.0E+00
1.0E+01
1.0E+0
1.0E+03
eV

Taorr

OCPA2010 [T5] Vacuum Technology

Pa

Pressure units

Torr
7.60E+02
1.00E+00
1.00E-01
1.00E-02
1.00E-03
1.00E-04
1.00E-05
1.00E-06
1.00E-07
1.00E-08
1.00E-09
1.00E-10
1.00E-11

mb Pa
1.01E+03 1.01E+05
1.33E+00 1.33E+02
1.33E-01 1.33E+01
1.33E-02 1.33E+00
1.33E-03 1.33E-01
1.33E-04 1.33E-02
1.33E-05 1.33E-03
1.33E-06 1.33E-04
1.33E-07 1.33E-05
1.33E-08 1.33E-06
1.33E-09 1.33E-07
1.33E-10 1.33E-08
1.33E-11 1.33E-09

Adsorption energy units

1 140
4 130
1 120
{ 110
1 100
1 %0

1 80

1 60
1 50
1 40
1 30
120
110

10 15 20 25

Kcal/mole

30

~

Adsorption energy units

Kraimole £V
1 0.04

2 0.09

3 0.13

4 0.17

5 0.22

] 0.26

7 0.30

8 0.35

9 0.39
10 0.43

11 048

12 0.52

13 0.56

14 0.61

15 0.65

16 0.69

17 0.74

13 0.78

19 0.32
20 0.87

21 0.91

22 0.95

23 1.00

24 1.04

25 1.08

26 1.13

o 17 1.17
R 1.21
= 29 1.26
:2 3a 1.30

Klimole
413
237
12.55
16.74
2092
25.10
2929
3347
3746
4154
46.02
021
5439
58.58
62.76
66.94
7113
7531
7950
83.68
&7.86
02.05
06.23
10042
104.60
10878
11297
11715
121.34
12552
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Totrlimole

31380

62760

94140
125520
156900
188280
219660
251040
232420
313500
345180
376560
407940
438320
470700
502080
533460
564540
336220
627600
58380
90360
721740
753120
734500
215580
247260
378640
g10020
941400
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Question 1

* A vacuum chamber, as shown in Fig. I,
contains the mixed gases of 80% H, and 20%
CO. A pump with speed of 100 l/s for H, and
500 l/s for CO is attached for evacuation the
vacuum chamber through the connecting tube
of conductance (N,-equivalent) C = 5 l/s. The
ultimate pressure P, near the pump side is
Ix103 Pa (10 nPa). (a) Please calculate the
effective pumping speed (S ;) of H, and CO
inside the chamber, respectively. (b) Please

calculate the partial pressure of H, and CO .

inside the chamber, respectively. (Assume the
pressure gauges are not sensitive to the

@ OCPA2010 [T5] Vacuum Technology

S eff
{dn

P2

\

Pump S

[Hints]

Assume the mixed gases are not scattered each
other in the vacuum system.

Total outgassing rate, Q = Qx> + Oco

. 3. O =80% (), Oco = 20% (Q); i.e. Oy =4 Oco
various gas molecules.) B

Total pressure = Sum of Partial Pressure
P, = P2+ p,co
P, =P+ P,C9= 10 nPa

2010/07/31 =y
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Question 2

o~ YRPEPHEHET  SL=2m- |
“D=5cm > (a)f .}}% (EEES E O
300 VsHlise gl » s s S i 3
B {fi(Py) = 10 nTorr ; Hl— (b)fy i T
RERHC, - U2 - BT
IR RV RERKPRH, -

)
o ()RS D B AT %
) “(qp) °

o ()P (b)EHD RSP, -
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Question 3

° F[ [~ EFE [/ (b)JFL 4&71{6@ s 3%7@ (a)ifl%ul (b)JFf
N . R

(N,) IFU(a)JFLu%“ E"tﬂllO nTorr -
+| =100 nTorr - | i !

P
o (— )bV NI F(Qy) %
o (2 ) HIEH RN, > T:(b) 2
Lﬁﬁa Py
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Design Concept of Bending Chamber

(@) Crotch absorber for absorbing - 6 27 (80%4) of the
unused SR hight from each bending magnet (BM

~3
) 5

Crotch Absorber

Simple structure

of vacuum beam
ducts along the
beam channel, norsuer= e
flange. few
absorbers. few
bellows. for

. lowering the
impedance.

(b) Loeal pumps (TMNP+SIP+NEG)
for pumping the PSD outgas

B2 chamber

OCPA2010 [T5] Vacuum Technology
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Vertical Deformation (mm)

Deformation of a bending chamberdue to
evacuation (ANSYS)

-03 4 —=—B1BPM
—+— B1 Sextupole
o4 —&— B1 Quadrupole
-05 4
-06 T T T 1
0 100 200 300 400

Time (Seccnds)
Deformation curve of a bending chamber due to evacuation
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Pracision
Machnmng

0.05mm

Tool enter increment

CNC Machining Processes (sprayed with pure alcohol)

Sequence of Bending Chamber Welding

Ozonated Water Cleaning for the B-Chamber

Photon-stimulated desnrp(mn (PSD) results with
various surface treatments *

AN

& Oil machining and chemical cleaning

o

< Ethanol machining oaly

w Ethanol machining and O3 water celaning (30ppm)

A Ethanol machining and O3 water celaning (6.7 ppm)

7 (melecdarsiphoton)
=
>
O
o
0

‘Ozonated Water Cleaning Bath

—
Dimension Check for Straight Chamber

Vacuum Leakage Test Dimension Check for Bending Chamber

(>20 ppm) o1 1 10 100 1000
Beam dose(mAh)
s Chan, et al., “Design ofthe  APAC'07, Th ,p.703 (2007)
b T. Momose, etal., J. Vac. Sci. Technol. A1 3(3)(1995)515

N
10000 /
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F— \\.I—rrr\\l— t ElFl 7{9_.)}' f s _rrJ—_‘l’r ElFl IZLL"
St ~ E . F = =
\IJ E N 7> \— F[I‘?‘\ T
600
10° ¢ P
10° " 150
L .'1
Su
10* L ™, o
—_ ' lan <
g | 0
= 10 5
o ‘ ©
? 3 \‘ 1300 g
107 ¢ T 0
107 DEMTL 4.9x10° Pa
5 6 m 1100
10° - o} ”\
; D]IZII]:II:IIZID]I:ILI E]:I
074 0 00 000 0000
Time (hr)
Pumping curve corresponding to the
baking temperature
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