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and Solved Exercises: Armand Berman, Academic Press Inc.
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PV=NKT (Unit: J, 0| LI X|); 7| M| &FEf 27 4|

P=nkT (Unit: J/m3, TN EZ} of L4 X])
— -F-'_—Il'nEIE, n=N/V, n=P/kT

Def PVE= Z[XZ2Af9] EEFS 4]0/ O/ & of=
ZfA9] HE2F 0L X/
here, N: total molecule number
n: N/V, number density of molecules

k=kg: Boltzmann constant
1.381 x 10-23 [J/K]

2018. 12. 7.

Ha: 7| M| SEfEE A L] 371K #e

1. BE[E(ZA) T2 ZHE of

PV = NkgT
2 ETZ HHF
PV=n,RT
3 Zaoz gzt of
PV =m,RT or Pv=RT

U7 K| &=: R=8.314 [J/mol.K]
OlH7[E2: N,=6.022x1023 [molec./mol]
X0 k;=1.381 x 1023 [J/K]
= T n, (ref. 1&: 0°C 17| 22.41)
cf. EXIUE, n1} &I
7|9 &= R=7FAE [J/kg.K]
HEF(EXF NZHe] HHIEE): m,
22X M, 189 HE
HI: R=Npkg, n,=m, /M, R= R/M
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Table 1. Y&

i 20| UHE EXHE E(n)

|: [molec./dm?] 2: decimeter2 m2| 1/10, § 10cm¥)

Variation of the Number Density n of Molecules for All Gases with Temperature and Pressure,
Calculated from Eq. P=nkT.

(n: XY E, e

P TIK] TIK] TIK]
[mbar] 77.5 273 296
1.0E+03 9.35E+22 2.65E+22 2.45E+22
1.0E+00 9.35E+19 2.65E+19 2.45E+19
1.0E-01 9.35E+18 2.65E+18 2.45E+18
1.0E-02 9.35E+17 2.65E+17 2.45E+17
1.0E-03 9.35E+16 2.65E+16 2.45E+16
1.0E-04 9.35E+15 2.65E+15 2.45E+15
1.0E-05 9.35E+14 2.65E+14 2.45E+14
1.0E-06 9.35E+13 2.65E+13 2.45E+13
1.0E-07 9.35E+12 2.65E+12 2.45E+12
1.0E-08 9.35E+11 2.65E+11 2A45E+11
1.0E-09 9.35E+10 2.65E+10 2.45E+10
1.0E-10 9.35E+09 2.65E+09 2.45E+09
1.0E-11 9.35E+08 2.65E+08 2.45E+08
1.0E-12 9.35E+07 2.65E+07 2.45E+07
1.0E-13 9.35E+06 2.65E+06 2.45E+06
1.0E-14 9.35E+05 2.65E+05 2.45E+05
1.0E-15 9.35E+04 2.65E+04 2.45E+04
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| 2| HHS}( 0 °C, 22.4 1)

e <1 =
Fig. 1 IS &0 WE Z|HEX} 7
10% | | |
Outgassing rate PV = nRT 5
1x10% 1.87 X 1077 mbar £/sec cm? en
=1.40 x 1077 Torr &/sec cm? /./i
1022 =112 % 10°° scem/ cm? A
282 ¢ /S / AT
_ a PV=NK,T
) 10%' T | _A—4777.4cm"'/J N=PV/K,T~
0 |
= 28.2 22440 7
5 107 6.02 x 102 Xt /r/.
= v o
< 10" - - 1.44 x 108
. < oo . . .
o 28.2 cm A s ..
S 10" e . —+26-< 10 " molecules/min
z o
10" ol
-
10" " -

10°

1 scem =242-x 101° ZEA/ =2
2.69 X 107° [ OlEI}EZ 3+ N,=6.02x10% EA/22.4L >> 1ccOl= % 747

2018. 12. 7.

1x107

1x10™

10° 107 10’

Presssure(Torr)

10°

10'

atoF 28.2cm &S HA HH Lf
8 1y g9/ FHEEFSF0/
1.87x10(-7) mbar L/s, cn?2fH

=& F NS ZAP7} HEHA &
ELE A27f?

22418719 HHLIZEF
1.712x70(-5) x 4771.4
= 5344x710(-5) [sccm]

2 2.69xT10(19)x5344x710(-5)
=1.44x10(18) 7f/min
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Hi 7| (HESR, pumping): 2381517] $l2 Z374'E

_g_% I:Il-E EI." HENM7]|: 22 4M ZMA ‘atari breakout’

®8® noow0 . Roturn to image search 321

€8 B X
[]
FIEl - ElE

~——"

e .
WY HEJY7/(H=~)
(El &0 EEo{E =2 VXX e
barE .Z”S’E’, bar = pump)
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Table 2. CH7|2] =4 & & (Dry Air)

PERCENT BY PARTIAL PRESSURE

GAS SYMBOL  VOLUME TORR PASCAL
Nitrogen N, 78 593 79,000
Oxygen O, 21 158 21,000
Argon Ar 0.93 7.1 940
Carbon Dioxide  CO, 0.03 0.25 33
Neon Ne 0.0018 1.4x102% 1.8
Helium He 0.0005 40x 103 53x10t
Krypton Kr 0.0001 8.7x 104 1.1x101
Hydrogen H, 0.00005 40x 104 5.1x10?
Xenon Xe 0.0000087 6.6 x 10> 8.7x103
Water H,O Variable 5 to 50 665 to 6650
Q & Zto/y F7t2 XNZYuan J1FE 3e HEHEE Sof
8= JT7] A& ofEH o/ ISl S = LIEFLf?
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Atm.
10(-3)
10(-6)
10(-9)

10(-10)

Table 3. &S 'E CH72|=

Air (N2,02, H20, Ar, CO2)
Water Vapor (75 %- 95%)
H20, CO

CO, N2, H2

CO, H2

Ag

10(-11)

L

2018. 12. 7.

dE2| g}

Pressure(Torr Major Gas Load
Ui ) ‘B2 NIF~ 8 I8

= AME, EAMHNES 5E o7
FlHAIE T&28)7/7f 7} S8 2F
228 FAo +2 H7/SEE
FOfof gl. ZatlE FF=7/ol
Tadf T2LH7/0f &8 25f0/
LEZE AEof= O[22
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Fig. 2 Actual Pump Down Curve

Log

volume gas pumping

u
u

Pressure P (Arb.)

Log

XEX: SR. In, KAERI Pumping Timet [h]
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Pressure
(Torr)
Pressure limits in vacuum systems 10 [\ Volume ~ exp(-0)
100 |
103 |
1075

9 -f g? Q QK 10.7_ -~ lefusmn t-1/2
% + < + + - i:! Permefltlon

10
S e Lo

10713

Outgassing ~ t'!

P =F, exp{

1’011103 10° 107 10° 107110710 107
Time (s)

& 1st term -- time dependence of pressure that is due to the gas in the chamber volume (exp(-At))

& 2nd term -- pressure due to outgassing (~ t1)

& 3rd term -- pressure due to diffusion (~ t2and later exp(-Bt))

& 4th term -- pressure due to permeation (constant)

EX: QIE{YIXI& Dr. Philip D. Rack / H|=8t Xt &: Vacuum Physics and Techniques, T. A. Delchar
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Table 4. ZH2'E ZHSHHQ 1A12t BHYST

Approximate outgassing rate K, for several vacuum materials, after one hour in vacuum at room temperature.

Material K, (mbar 1l s em” )

Aluminium (fresh)

9% 107

Aluminium (20 h at 100 °C) 5x10™
Stainless steel (304) 2x 10"
Stainless steel (304, electropolished) 6x10°
Stainless steel (304, mechanically polished) 2% 10"
Stainless steel (304. electropolished, 30 h at 250 °C) 4% 10"
Perbunan 5x10°
Pyrex 1x10°
Teflon 8 x 10°
Viton A (fresh) 2% 10°

XZEX: INTRODUCTION TO THE PRINCIPLES OF VACUUM PHYSICS, Niels Marquardt

Q &F HH HE=E 2 F0/52f STS & o 20| F=7/?

& =7| 7ML= E: ¢F0& > 2HUYH 2T
o HO|Z 2 7|HLU=E: YRE0|E < 2HQ2AZ
(L2050 $2 B XIK0| AHQAAZO| BLHEL} &)

2018. 12. 7.
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X| 2 (finger print)0| TJ£0| O|X| =

o b L& mHO| "ol X2 ot 7H(E
H| 0| & (baking)St7| & &EH{O| A HHEF = (outgassing) T K|
&2 2f 1x10°° [Torr L/s]O|LCt.
Q
Otz ®ef Z0| Jdt= YHZ 27

5 18 85)s

-4 _— o - g —
I5f 2Rt s H=

—|— —|O

Ol Hi7|% = (pumping speed)= L O}QI7}t?

ot p Xl Z2m™ ol HH7|A
0.0072
0.072
0.72
7.2
72

720

5x10-3 0.002 0.12
5x104 0.02 1.2
5x10-3 0.2 12.0
5x10-6 2.0 120
5x10-7 20.0 1,200
5x10-8 200.0 12,000

oR
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Log

X1 & & [mbar]

1.0E-02

1.0E-03

1.0E-04

1.0E-05

1.0E-06

1.0E-07

1.0E-08

. EX XMHof Ci3t W= C}L I Of Al
Fig. 3 =S & CHot W Ch2 2= oA
GVT Pump M8 & ¢[st Ul 7| A[ZF vs. ZIS & H3}
—_— - —_— 4. gur 0|55 +4
(Organic: 500mm EZ 1L{(SIEH) vs 300mm EZ 2CH(FH)) SHAL 2016. 7. 21.
—a—H{j 7| A| 7H{1)
oo x|a _
SEMZT 1.2X10(-7) mbar —a— H7IA7H)
(9.0X10(-8) Torr)
/ ]
[Z=2]
- MU R EHE; OHHEQ.0)
- BIZ|A1Zk(1): 500mm BE 1012 AHSS H2
- BiZ| A 7H2): 300mm BE 2LHE Alget H2
| - MU S22 0X10(-8) [mbar Lfs cm?2]
LxWxH
1700x2024x713[mm)] (23
SRENDENK] SLAIZE
(1) about 440[min]
(2) about 585[min]

|
|
|
|
|
|
v

60 120 180 240 300 360 420 480 54

bl 7] A Zkmin]
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EX: http://www.kvs.or.kr/file/story/2015_09_07.pdf
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Hyunmin GVT's Cryopump Story
Lee Dong Ju

Cryopumpicryogenic pump), with integrating cryagenic skills
inta wacuum technaiogy, s the most papular high wacuum pume
syster, which s widely used at the commercial vacuum industries
with TMP. Hyurmin GV, Inc. is the domestic unique professional
manufaciurer of the cryopump systems. Abaut ten years aga, while
GVT succeeded in domestically producing cryopump systems, this
high from Us b I letely. But
the process of the home production was not easy. It was possible
through many trials and errors and after efforts and sacrifices of
our engineers. Now many users and customers have the benefit
of the advantage and excellence of the domestic cryopump
systems, Especiall, these days GVT is conducting researches and
developments regarding low vibration crycpums and large sized
CWPs and Crye TMIFS

1. Zejole Hx
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[Fig. 1] The structure of sycoump astems.
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olEH A AE UdH F WAF ooy R &
U AAH 2t BABAE v R 4F B
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io”
Prossure [mbar]
Fig. 3] Vacum pumps cperating region related with Q, P, and S,

79, ] Typical pump down curve
2. 2598, Yiio] U2 ¥ Haich

20009 68 4EA AR Aciole Agyel
A HYch, Agole A% B Aol VFY 5
RET WA TuF AAE oJelunct, NAFE ¢

S0 42 A olul vlel 7} Ue AuigR 9

2eh) AM, $oE A37h Abgsh: '1!%8’5(-}“.‘!}: PN ot A4 BAFHE WYtk T #1294
wd)el WAY AF WES A sl fgao ek m A 2 o, 4 N Juisjels aeiole W 20

o, §2 ATL LTk & Sv71 A4S ot 31D olg
B AYyE @ Belo) Bet, 4 2AFE WA m 2 Aol vigel

olc}, old] BRI E 713 WA
J&7| B4 w2148 PHo2

) 910 JEE 0 gl 3, ¥ 209 AFES Ho) B s clwsi Aeiac WQIAY IS Wil 2

H A%d 2& A

Aud A% 4

aok) AR, U 2k A AR EYe o

Tolck 2% &

el Baz AF HEZE F 285t A EsfoF o |

4, & AL Yatthd S 2u7]o) A8L Kok ot
3 EEAEE & Belefof sith, AW 1UEL 9As)
7 % GEE g g, &, @ eve) AFES Eol
=2 109 o Wol el EA), B ®R
A E 100) AT BHEA, ohUE SR AFE &
g3 g7z 1081e) AI7HE T Flckels 4 dol gl
S8)t 27(log)eh WajHoet s}, 1) ofe] A

7l f1siA =
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TS 7|=X|4 0] 2% 0|«

Chamber

Chamber
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TIBb) 7|9 HEHHA

-
X 2} &
y//;/u_ Chamber Chamber Chamber
Hf !
AvsB 2 B
Avs C?
Tvs2?!
Tvs3?!
Avs1?!
.- Chamber Chamber Chamber
Avs2?? n
Cvs2??
2018. 12. 7.
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Chamber

C,
¢

1.3 + . C=0C+C

— = S — +

c ¢, G, 1
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TSHi7| AEEL

B AL Q): 7IN =89 82ld= '—fEH-H" HE
(=22 37/, 2ol ufe} Z&E)

cf. geometric conductance vs transmission conductance

P, P,
Sex o
Q o« (P,-P,) g2 &tte| =xtof b

Q = C (P,-P,) [L/s]
L w4«

2018. 12. 7. SAMSUNG sDI  <ZITTY®
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Current Flow

V
| = (1/R) V —AWN—.,

Mass Flow
Q=CAP
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= A
S, oY, UHHA, H7|SE

% Q=CAP s Q= SP

& 7, Throughput, Q[Torr L/s]= A(PV)/At
~0| 4 X] S F[W]

& 7| %%, Pumping Speed, S[L/s]— AV/ AL

~CHelg SastE RIS E

& HEE A Conductance, C[L/s]= AV/At
~HERAE E6ts RIUSE

2018. 12. 7. SAMSUNG SDI ZLISIY®



S &2 Fd(Flow Regime)

Knudsen Number, K,=A/d

A: ‘gﬂ'xl'wy'lal
d: Jd e X|&

1. Viscous Flow(Zd&®)
K,=A/d < 0.01 or Pd(Torr, cm) >0.5

2. Transient Flow(X0|&)
0.01< K, < 1

3. Molecular Flow(£2X}&)
K, > 1 or Pd(Torr, cm) <0.005

2018. 12. 7. SAMSUNG SDI ZLISIY®



Mk

S59 fd(Flow Regime)d HEHEA

Z=X: https://www.azom.com/article.aspx?ArticlelD=11840

< L > Transitional flow \ g Diameter (mm)
250 150 100 70 40
) 10,000 \ e 5 = =
LY Ll 5 7 25
P, D| P, —_> A=
dillam’ / P
1,000 7 = = 16
Conductance in viscous regime _ TP
= 1 3 = = =
C 137D4(P1+P2) % D> i v" p 7 '
— £ A] "f' L/ 4 )
L 2 o 100 = \‘ £ / ¢
o 3 ya
Where: P, = Pressure on one side of the vacuum line(in mbar) S o 2] & ﬂ_ »
P, = Pressure on the other side of the vacuum line(in mbar) o ;g d £
D = Internal diameter of the vacuum line(in cm) g e = .
L = Length of the vacuum line(in cm) ® AT [
5 \ [\ \
= 0.1 - ¢ :
e ° g 1 lil
Conductance in molecular regime U/' =
A L
01 \
D3 104 1073 102 \10° 1 \\10 \ 100
C=12.7 Molecular flow Average Pressure (torr) Viscous flow

L

Where: D = Internal diameter of the vacuum line(in cm)
L = Length of the vacuum line(in cm)

2018. 12. 7. SAMSUNG SDI ZLISIY®
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10
10

A (Flow Regime)'d H{j £ = Fof| 2 HEE A

Conductance of 1Tm round pipe for air 20 °C

10°  ————
108' d[cm]=
—2 B
107 ET 3] // =i .
10° E : ;(O) Pl i v‘:-’fé“'/!_
o 30 ,////fx//’( i
L=100 ~
10* % = ot / ~ /

Conductance [L/s]
sw
\\\
b

10 | — Voad
el ~al - P
10’ E b
: P
10° F
10'1 : 1 1 A 0l uf

” Pressure [mbar]
XZEX:SR. In, KAERI
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rir
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o O =3 L{Of| O|0] 0|2 Y|AE2 =2 CHA| R LEZ W7FA] =2t ?Joﬂ*‘l )
=2 I EO|SHCE E Tt HolM 2ERs 2Ate JE =2 A1 —?—”%‘ = QUX| T
SAHS| Tk oFofl RACE DA =2k 2ol /= AX=E =2 Y70l S0{AM 7| X'|77f =
T2k LHOf M 2 §§01| HE 7|043£ 2= QiCt Of A7 =2t Qe = ':0127| QM=
2TE e A o CHE ROl gLt et R HEHHACE AL I, (T 5 2
o|m| A9 HEYHA C o U 0|29 = 2ol UHEA C o TR )= EE A
O| E}EStLt

& “HOMO SEZ 0 EAE 2AE & Z2te| EX= Qs Lot esHE 'Hot
M Ol= HIZEHE D28 Sutelt ot 2HE9 #E0AM = 5= ULt o|ijf =gkl §a}

(transmission probability) a= CHS1F 20| o[5HCt

<E@9| 2720] A= £}
(22 &, H)oto] ZE0f 7/0jz>

%
11
K
2
OH
OH

g_l-
=

r
i

HES(E=3H = o o
ujA3), QIAtE of B & C= YXt=0 I %'-?LE HOtM YAlot=s =& LIEfLIEZ 7o HXNO| 5|2 gt
& ac YA FFLI2E 5 2H 22(0]| §E= (,F0 S0UAS)M= 280

2o 7|5P°”51 702 Heks t.':*E .
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C=a CQ A I.F -I
V- 'giﬂ—lE
Av T \/* T.xf”if
C,=—==36.378 4 (—) =48
M (MKS SHe|2 1%l HL)

o : Transmission Probability
Clausing Coefficient or Berman...
(E= a= C,9f ¢, 9 B+8. & &2 =87l & Ag/H/AZ
e, = 7885 Sk rr/E/ W ZX HEE 24 S0 YT 22

s ana | C=171.6aA [I/s]

2018. 12. 7. SAMSUNG SDI ZLISIY®



NIE Ao HHE A QBUISE

— 1 1 1 1
Chamber eff _E
2+ 2if oo

20°C & 7|(air) [em]
O CHet HEHEHA

C =171.6aAl/s]

C=11.6(0.35658)(1t5?%)

—325 [L/s]
= 300 [L/S] Seff—188 [L/S]
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Table 5. #XI{-S}=ES 0|88 HEHEHA

L/r L/D Clausing Berman L/r L/D Clausing Berman
0 0 1 #DIV/0! 1.0 0.5 0.67368 0.67198
0.01 0.005 0.99503 0.99502 1.6 0.8 0.56728 0.56651
0.02 0.01 0.99011 0.99010 2.0 1.0 0.51429 0.51423
0.03 0.015 0.98524 0.98522 3.0 1.5 0.41885 0.42006
0.04 0.02 0.98042 0.98039 4.0 2.0 0.35484 0.35658
0.05 0.025 0.97565 0.97561 5.0 2.5 0.30868 0.31053
0.06 0.03 0.97093 0.97088 6.0 3.0 0.27368 0.27546
0.07 0.035 0.96626 0.96619 7.0 3.5 0.24615 0.24776
0.08 0.04 0.96164 0.96155 8.0 4.0 0.22388 0.22530
0.09 0.045 0.95707 0.95695 9.0 4.5 0.20546 0.20669
0.1 0.05 0.95254 0.95240 10 5.0 0.18994 0.19099
0.2 0.1 0.90967 0.90922 20 10 0.10931 0.10938
0.3 0.15 0.87073 0.86993 30 15 0.07716 0.07699
0.4 0.2 0.83521 0.83408 40 20 0.05972 0.05949
0.5 0.25 0.80268 0.80127 50 25 0.04874 0.04851
0.6 0.3 0.77275 0.77115 60 30 0.04118 0.04097
0.7 0.35 0.74513 0.74341 70 35 0.03566 0.03546
0.8 0.4 0.71956 0.71779 80 40 0.03144 0.03127
0.9 0.45 0.69581 0.69404 90 45 0.02812 0.02796

100 50 0.02543 0.02529

1000 500 0.00265 0.00265
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0.5Torr(66Pa) O|S}7HX| = EHs| Of

BOYE j‘g

ur2ri| E
op2to] & <Slow Pumping®?| 0| >

P5000 Loadlock chamber

@ Convectron gauge :
1 atm ~ 1 mTorr

@ Slow vent line : 6 ~ 8 min. with N, at 20 psi
Slow vent reduces particulate contamination
during the vent.

L(

Q)
@ Needle viive :

/® control the vent speed
/
/®@ Pressure Relief Valve :

Prevents overpressure during a vent

® Slow Roughing Port : From 1 atm to 20 Torr

%

) N

I.’ ») 2 % ‘l.
: 4 Slow roughing reduces particulate
b - \@contamination during the pumpdown.

® Normal roughing port :
From 20 Torr to 10-2 Torr

@ Diffuser : Contains a fine mesh screen to
diffuse the N, vent flow and reduce N, gas
turbulence which generates particles.

Crossover switch
At atmosphere switch

Connection
enhanced
Pirani gauge

/ Dry nitrogen vent

Load lock

High Vacuum
system chamber

Soft pump
isolation valve

O|-
29 ']

bl =
=
Needle - Main isolation
valve valve

¥ZE KX https://m.blog.naver.com/lee jinhwan/50174066574
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<An idealized view of the atomic layer
deposition (ALD) process cycle.>

w—— LGB-200DV,60H2

LGB-200DV,50Hz{—+
—LGB-100DV,60Hz
s LGB-100DV,50Hz[T]

fm—_LGB-70DV,60Hz

|
LGB-70DV,50Hz ‘

e LGB-30DV,60Hz /
s LGB-30DV,50Hz

| |IDevel %mn
| || LA

Lid

=3

1 10 100 1000
#SEF Inlet Pressure(Torr)

https://kr.made-in-china.com

M523 M, 50Hz vs 60Hz>
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Duct
Bi 20l 8l= 32 Chamber volume V
Process pressure P
S e an - QI}I
0= —
R) P Process gas
Qin
*Hi 20| U= 3R
‘SY _ Qin
eff — P
| | |
&f-. =g

1mbar-t/sec=0.75Torr-¢/sec=0.1Pa-m°/s = 60sccm
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Ads=A (2)

Q(2) IS A|AEI0| 100 sccm8| 7IAE AI2SIHA S EE 75 mTorrg X5t X}

o, et 24 7S EE Yojelvly (Th HiRe 9ickn st

S = O E 0l25tH O, =100scem(=1.25Torrl/ sec)

&
Q = PpXx 3
0.75Torrl >
100scem x orrl/sec =7.5x10 "TorrxS(l/sec)
60sccem

5.8 =16.671/sec =1000//min = 60m° / hr

X Note: 28F Etfl(sccm, sim, slom)OfA] s= ‘standard’ & ZEZ=Z71(0°C, 17/2H= </0/g}.
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Ads=AH (3)

Q(3) A S TWSt= MHO|M 1.0 mbarl| ¥=HS F%I517] #Is 150 m3/hr|
HZE= em HOT A2 o 2X|x|0]OF TtC}. Off
42 &0t7t &|0{of ot=71? (T, HIIAIE2 50Hz)

(BO|) HZ E1M175 222 Tmbardl A 135m3/hr(50Hz)2| Hi7|& =& ZhRICE M2t MH Qb HI
£ gZots oMol 2dS NeoX| WEEtE 0] 8 == Hetohk| L

E1M275= 1mbar®lA 230m3/hr(50Hz) 2| Hi7| &£ =& JtEICEH [M2fA O] HEZE ®MH| Ao
ZotCtH AEEA C&= 2ot £2 442 7L
ZZHOJA S, =150 l\ :l+ lﬁ I _ I + l

3 150m° /hr  C  230m’ / hr , A r
0/0/0F BtCH S o C 3,

. C=431m" / hr

0 o] AYEHA= 1m Hi 20| TS AHEAO0[22 6m HY2H| CHSHA = 6HIS| AHE A

—

Zr2 7F™OF St =, 230m3/hr x 6m = 2586m3/hr.
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E%Exﬂ (3)'151 Pipe Diameter

<t & mm
. 250 150 100 { 70 40
<Conductance of 1 m of round pipe, for 10" ErT T
. - ’ 7
alr at 20 °C> i— --------- === ---------7-{----7"--77( ,’/ /: 29
(the data shown in the dotted portions of the e ¥ s 7
. . . . E ¥ 7 4 16
curves is for low velocity, viscous, laminar : R +/ Jig J
flow in long pipes - i /] A 00 77 ] e
g p p ) Q , / ,/ 7 7 7/ ,/
= - - 10 S / 7 7 / /' E
ZE AYEA O =0 A 1mbar®l Al 2586m3/hro| . : 1 0 7
" N : / 7 / i
AGEAS QX 4 e BB 1 HHO 70mm g . P Wl
Yy — N c S — 7l 7 4 5 vy
o et MHo BIS ¢Acts W NP2 K § | % A
o o S — /7 4 -
& 70mm O 0[O0 of. CFA3] O] gf2 ETM275 2 5 o0 | /// s ]
" = /’/ ]
do| g5 XM S Ui S | 7 :
T / i
10 E 3
> OFEHO) =2 M= A2 a1010/31A] HYZtO - / i
iIE;IEf¢7f _’o_./l__ll. 57/ Wza_q/ g’.é’o/ ;’Eg WW/ 10—4 L1l 3| L 101l ..II L1l | ||.:|.~I’|| ﬁl AT R ,
10 ° 10~ 10 ° 10 " L 100 10" 10 ° mbar
H/bhl agﬁié ggteg gﬂ/ E’EEf. | | 1 I|||||| L | ||||||| 1 | ||||||| | | III.I.;;|-I‘ | | ||||||| | 1 ||||||I
1072 10" 10° 10" 10° 10° 10 pa

ZX: Edwards Product Catalogue
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Pumping curves for 4
types of vacuum pumps.

[cfm] pumping speed
60
50
40 2063
%0 2033
ot 20
HEol :
XlZ2IEHIZTO . : ) ) )
L oB __l 03 102 1 10° 100 102 103
total inlet pressure [Torr]
=
U= H3of Rotary vane pumps
- 71
Hj 7| ds= oo i
20000 A
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1072
Pressure (Pa)

Cryopumps

Spead {cfm)

%0 T TN T T T TTT T TTTy T TT0 T 7T
3D0
‘\
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- Il \\
100
/ N
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0 ||||,d poomon poreom v ood 3ot e ol oo |||||:] |;;;;i: LT
07 1w0* 1w*¥ 10* 10 1w? ' 1w 1w' 1w? 10% tor
Pressure IPX500A
Pumping speed versus inlet pressure
?;;%n[?/s] Inlet pressure (Pal)
4 3 2 1 2 3
leﬂ 10 10 10 1 10 10 10
2100 N,
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1900
1800
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1600
1500
1400 N
1300 N
TM PS 1200 ATH 2300 M
R, — ATH 1600 M
1100 ATH 1300 M
1000 ATH 400 M
900
0 Hy
700
&0 H,
500
400 N;
300 H,
20
100
s 10° 1t
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Hi 7] AlZF Al (R = A)-(1)

{ d_}) = Qm Qom ]
dt

@ d_p — )m i P X S B Qanr — PX S“?ﬁ

dt

(X=0,-PxS, =dX=-S,xdP)

0. =PxS§ J
—SL(/X S
® =>—~21 LN Lo
X V X V
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7| M| A ER HE A
PV=NkT (Unit: J, il X])

_g_ IHH-|O| x-”x—l V _IIO'I

B LS| 20| A|Ztof et Het

V-dP/dte| 22| 2|0]: J/s = W, (HX| S &
Q

|
X
>
» Q(F2H=P-Se| =2|A 2|0]: N/m2-m3/s = J/s...
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Hi 7] AlZF Al (R E=A)-(2)

‘ S
lnX:—I%ffz‘-kconSz‘:X: AQXp(_ ;{f J‘J
t=02 f,A=Q, —P,S L2 Z & p= AlZHY et Ch

2H A= H=LCh
| . S
P(f)= Qm _l_(PO _ in JGXD(_ eff ZLJ
Seff eff V
22 PUIA AlZHtLH Ol 2 PRl BRD|Gt=0I Z2l= Al
JZ20l= == UL
f /P . an
0
S _
r=TLln ;ﬁ V ln[PD 5
‘Segﬁ" p_& ‘Se;ﬁ‘" P_Pb
\§ \ Sep

i

.

[0
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Hi 7] AlZE Al EH(FE4)-(3)

Ol AU A Q,=0,= chamberlll £& &= JtAJF 811 outgassing,
leakage J} &1 F b 5t P,=Q, /S.z=022=

o)
St=——In
\ P
Inx=23logxTL=

O off
[ =235 h) |
Z=o| AE

e HiD| 8 S0= A 2% Bg US
e L= JIAZ0| BE = A S(leak rate, outgassing rate ) : Qin# 0, Qin= Q(t)
« MBI HYD| s 0 et LEGHK H8.
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H 7] A[ZE Aok Z2aHEHEH H[H: 200L)

{
P — Qf’n
Ofn Qm Sp ff V ’ Seﬂ" T
P(t)= =2 4| P — =0 |exp| — et ¢ r=<—In 7| Time(sec)
Seff S, off V eff p—=in
\ St:ﬁ'
103 L] T T T T T T T T T T T I L] T T T I T L) L} L) 1.E+03 %ﬁ ; ; i ; T T ; ; ; T ; ; ; T T ] ; ;
V=2000.Py= ;OOO mbar ‘% " —— Hj7|AIZHY) ——u7]A1ZH2) E
1 —=— 5= 10( /sec. Q=0.75mbar [ /sec LE+02 £ Y Se=10L/s, Q=0.75 mbar L/s Se=30L/s, Q=0.75 mbarL/s |
—e— 8= 301( /ec. Q=0.75mbar [ /sec ) - =
S= 70( fsec.Q=0.75mbar ( /sec 3\ fuw i 7| A ZH(3) Hi 7| A1 ZH4) .
4 —vy—S=100[ /sec. Q=075 mbar [ /sec c ll X \ Se=70L/s, Q=0.75 mbar L/s Se=100L/s, Q=0.75 mbar L/s |
10 —+—S= 10( /sec.Q=1.00mbar ( /sec I A= = L= =
"g —+— 8= 30( /sec. Q= 1.00mbar [ /sec 0 5% i * HiZ| M ZH5) ¢ Hj7IAZHe) =
':‘% —x—S= T0[ J/ec. Q = 1.00 mbar { /sec E jjll - Se=10L/s, Q=1.0 mbar L/s Se=30L/s, Q=1.0 mbar L/s 7]
‘ ‘ |
= —#—S8=100( /sec. Q=1.00mbar [ /sec =
g © 1001 fee. 7l R= (= ; = —— 7|41 2H0) —+— 7|4 2H8) =
= (# 1mbar ( /sec=60sccm) 3 s 3
4 =70L/s, Q=1. = ; Q=1 -
=2 5 3 Se=70L/s, Q=1.0 mbar L/s Se=100L/s, Q=1.0 mbar L/s -
8 Sl
1 SN R D U I D U I D O |
£ 1 e ey Qe "‘-,_ s
= { i E @ 4
T oo o 0o oo o P~ i\
IR
10‘3 L L L L L L L L L L L L '] L L '] L L L L I'E_OS
0 100 200 300 400 500 600
0 100 20 30 400 50 a0
Time(sec)
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ds=H (4)
243 Po= 1000 mbar, &8 32 Qin = 45 sccmO| L},
L/s, 30 L/s, 50 L/s2tPH, Mo &0l 10X, 50,
20| o7t EX| ALSHA| 2.

Q4) ¥H XX 0| 200 L, £7| L
100Z, 150%, 200, 250%, 300 =

/D(ll): Qm { Qm ]exp[_%z&J

Seff Seff
VI[L] PO[mbar] Qin[mbar L/s]
200 1000 0.75
[ Pmbal |
Al ZH 1) S_eff [L/s]

[s] 10 30 50
10 606.560 | 223.150 82.099
50 82.154 0.578 0.019
100 6.812 0.025 0.015
150 0.628 0.025 0.015
200 0.120 0.025 0.015
250 0.079 0.025 0.015
300 0.075 0.025 0.015
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H 7] Al ZF A LH(O)

1. HYZ|A|ZF A4 V {Poj
i f:231—10g —
- of M X A Al Sep
- Vactran =212 =85t 7|4l
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TEEEETER (a0l S e

Vacuum
Chamber r=923 4 I

Al
Ay P
DT

S=constant

=500L/s e sEREfE 7
I 715000111000 s=s(p) B2z 8l S: Y4o|=E ? [s]
w101 sespmay  ME CCronsent ooy 2 1s)
v s=s(p) B2zt o C-CP) C: erolE ? [s]

.D.=4cm, L=100cm

T2 = S=54
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6 RLEZF oot €2 7|5 fHS A= USH

oot QCt o] TSHIZE 0| 8510 HHO| 8ooL! 2=
2 MHE CH7| Y5 E 0.1 TorrHX| HYZ|SH=H| HE|=

A|Zt2 &0rel7k

T O] HIE= Muef =& Blo] XE AExo u, A

x|
2] HO|E flsl Hi7|SES =770 24| 8{0] | Cj

HY 7| £ £ (500L/s)2 YLH™SICtD 71512}

=0
S P

eff
_23 ﬂloc{ Ll ] ~'14.3¢
5001 0.1Torr

---------

llllllllll

180L/s |

R S S

480L/s

400L/s |

460Lss |

87| HH, v = 800[L]

150
&= [Torr]

100 760
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. I 7| A| Z} H|Ab-QFE

NTH

TMe o

A EZ JE|mo} 20| M| HYY|SE 2
of mrat chach matM o Mo Zte 67| 9ls) o
e AZMHE LpeD 2t 1718 HE HI|SEE o
83} 710| B} 2| Ho|Ch MHE 7| LHE 0.1

Torr7IHX| B Z7|SH=H| 22l= MZHS CHA| AMSHA 2.

oF
0

ot o] HEE SR 210| Mol XH WAL of Qictn

7 P‘* *}EL
; _ 53 S00L 00[ 760T01‘1‘J oy
7605100 = <37 7 108 —l 00Tor )=
tioonio = 2.3 il 100(MJ ~3.8s
480L /s 10Torr
oy = 2.3 SOOL, 100( I_OTO”. =4.6s
400L /s 1Torr
800L 1Torr
t =23 log =10.2s [
-2 1801/ s - ( 0 17017 3 total

off hE v 7| K= (S)

HIlE ndct 42
A 7pd: s=s(p), 7+7t8 "W
s00L/s | - - - - ,. ........ ___ scoL
480Lss | s
400LJs
Wl S
7| _ _
A
- 27 MM — gf
[L/s]] |
180L/s
0.1 1 10 100 760
&3 [Torr]
=35438+4.6+102=221s
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I, B{ 7| A ZF A AF-BY 7| S 2 (S) Hel+ HE B A (C=2H™)E 8¢l

FEX. ¢= 7 W37t
o O oHI(ollM et HII} C=400L/s= A’S A ro.f ég)éﬁajc_ﬁﬁ( z
ot YA S 71X = e 2 HAALK|0 QCtn 7}
HotH, 7| 2A0lM 0.1 TorrThx| Bi7|3H=0| Ha|= ol L
A|ZFS CFA| A ASHA| 2. é — 460L1s |

Mz AUER RIS E(SqE TOHH, 400Us |

v
2

11, A/
Se’ﬁ’ C 90 E 27| x1|:§£1, V = aéjo[L]
L_ v iwsl|
Sepcrs0100) 400L/ 5460L/S [ e
. 480L/s _
o jggﬁ;ﬁ 0 '1 1 150 1 00 760

&3 [Torr]

Srirsomion =214.0L/s S0 =200.0L/s

S0 e =218.2L /s Srison =124.1L1s

SAMSUNG SDI ZLISIY®
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> (A5 €E AUEE 2 FRU7|SEE EE9 7bd: s=s(p), 72 HR
O HiZ7|A[ZHS CHA| AAHSHH ChSaf 2Lt f + 282 AKE2(Q)
So0Ls) - ---- " """" E'""""E' L 460L/s
800L 760Torr | . 4s0Us |
ooy =D , log(l) =7.6s :
214L/s ~\ 100Torr Hj 400Lss |
7 '
, _ 53 800L 100( 1007 orr ] -8 4 é}l_ Seff
100510 = & —log — | = 0.4 [L/s] | [L/s] | [L/s]
218.2L /5 107017 1= 2140l 200 460
— - [L/s] 2182] 400 480
orr | _ ‘ 200.00 400 400
fon =2.3 200/ s log( i ]: H 1241 400| 180
f501 = 23%10?( Ll )5 14.8s o.!1 1 10 100 760
' 124.1L/ s 0.17orr
&= [Torr]
{ =7.6+84+92+148=40.0s

total —conl
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IV. B 7| A| ZF A|&b-Bl 7| S = (S) Heb+UEB L (C=C(P))E et ¢

v (P 1 1 1
[ = 2.3S—log > — ==+ 71d: S=S(P) + C=C(P), &&0j 2| =
eff Seff C S A _
500L/s -----;.--------E.--------E_ ol
800L 7607Torr E : © 480L/s | S
tr60-5100 = 2-3 log[ ) =3.3s :

- 7 | :
biooosto = 2.3 il ] ]OQ[ aLit i ji 3.9s §| H{7|& %= | Conductance So
o 471.2l1/s \ 107orr E Sett [L/s] [L/s] [L/s]

L 458.9 201,063 460
55 800L . (10Torr)_ [L/s] A712 25717 480
101 = 2 e 2L/ N 1Torr |~ 3.3s 346.2 2,572 400
: : 105.9 257 180
800L 1Torr
o1 =2.3 log[ “)5 17.4s ! 2N
105.6L/s 0.17or 0.1 1 10 100 760

&= [Torr]

HfZ|AIZF 8t A t =30.1s
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IV, BIZ|AIZH 2 A-BH 7| & E(S) HSh HEHAC=C(P)E DT B2

= Pipe Diameter ‘ 201 063L/s,.-=
IT=E S H}FEH < . o P
(1) :.EH — = SE}% Ol_l' Oil = 250 150 100 70 o 25 717"/5,,.»«"‘

104 S T T T T T T 1 IIIIIII’ T T T T IIIIILJ’I ;."I“I.Il
T Y < il
E— R 25 L/s
<Conductance of 1 m of round . Al At ik nidl
. . F A A
pipe, for air at 20 °C> E P ‘z"éw( A5
(the data shown in the dotted portions of the | T s, e L2 e
curves is for low velocity, viscous, laminar flow in =L E Ay I
long pipes, Edwards Product Catal v f — AR
g pipes, Edwards Product Catalogue) ) = / . /, // ’
(1)) | / ....... f |
o 2| OIFHIIOIME BB HHRAS M4 g0k — 7 4
e, C=400L/s2 SlioLt MH) wjzol A=isia £ f A | A
= Q3 Hjj£to oiu(5_7|/7lo|/5|_ol:) 7|81 = _g ol _— p // / :
wOII [EfEf SefEIcE matA 7| Al Zkat = o} S : S /] -
Hi7|gt = QU&= 7IATS ALt 0 O] Z&9I v . Pl .
1 2{sl of StC}. oL / ]
ofayt o i / Pressure -
= i DTI 760 100 -2 | L1 111l L1 1 111l I_I-T‘I-:.IT | Ll 111l | L1 L1l | L1 11l
[Torr] 10 " — > — - —
10 10 10 10 10" 10" 10 % mbar
C(P)[L/s] 201,063 25,717 2,572 | I | | | | I
1077 10" 10° 10" 107 10° 10 ' pa
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IV. B 7] A| ZE A Lb-HH 7] S &£ (S)

(2) MR HEHA A4S

ﬂ

2
o

L

Hol+ HE Edﬁ(C:c(p))g n
=}

3 e

D~
ot

o
7C§'l'

C =137 » (Pl * PZ) [ = Zng()g(i]
L 2 Sy \P
C D L P1 P2 P1 P2
[L/s] [cm] [cm] [mbar] [mbar] [Torr] [Torr]
201,063 4 100 1013.25] 133.3224 760 100
25,717 4 100, 133.3224] 13.33224 100 10
2,572 4 100, 13.33224] 1.333224 10 1
257 4 1000 1.333224] 0.133322 1 0.1
Al ZE U E7[HH(v) | H7IEE Conductance So
t [s] PO[Torr] P[Torr] [L] Seff [L/s] [L/s] [L/s]
t 760-100 3.5 760 100 800 458.9 201,063 460
t 10010 3.9 100 10 800 471.2 25,717 480
t 10-1 5.3 10 1 800 346.2 2,572 400
t 1-0.1 17.4 1 0.1 800 105.9 257 180
e A4 30.1s

2018. 12. 7.
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HY 7| Al ZF A AF H 2| (5] A1 HitH)
4 V=800 [L] Se)
Vacuum

Chamber =213

-
[Torr]

wias - ks

RS T SUBEINZ) 143 [s]
T 715000—_*)11000 S=S(P) W#% oo S: Eo|= 22.1 [s]
10—1 _ mazt A5, C=constant e
Il 1250.1 S=S(P) ‘B i —400L/s C=3 40.0 [s]
ole -
v s=s(p) Bz = C=CP) CAOE 301 [5]

I.D.=4cm, L=100cm
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A. B 7| Al Zk(%)

Hi7| & =
b=y 1715

| — B |
. S=H C=g’d | C=C(P)
(500L/s) | &¥=o|= | (400L/s) | EEo=

760~100 3.5 7.6 3.5
100~10 3.8 8.4 3.9
10~1 4.6 9.2 5.3
1~0.1 10.2 14.8 17.4
il 7| A| ZH

S| [s] 143 22.1 40.0 30.1

= RIS ZEE AN JIE B0/ &= 2= 25

2018. 12. 7.

S=UH

(500L/s)

760~100
100~10
10~1
1~0.1

g9 E 0/C/21TF?

500

S=S(P)

oF24i0
H —1—

460
480
400
180

=
e

T C

SRR

C=¢H C=C(P
(400L/s) | &=i9o]

214.0 458.9
218.2 471.2
200.0 346.2
124.0 105.9
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File Edit Model Defaults Graphs Tools Window Help
@EHDSBbPReX | B4 0-BL€R0 | QL
+- CE EEHHED | maERN

Q Main Craph Window o [E=]

Mean free path Vs Pressure
gas: C:\Program Files\PEC'\VacTran USB\Gases\Air.gas, temperature= 2.73E+02 Kelvin

107 W Untitled 1 o B [
10 6 ?Help System Model
5 =
10 Station 1 | Station 2 | Station 3 | Station 4 | Station 5 | Station 6|
10 4 Available range: |
103 Start: 0.00E<00 0 Pumps for Station 1
E 5 Stop: 0.00E+00
Q 10 Selected range:
= 10 1 Start: 1.33E+03
Stop: 1.33E-09
a 0
in?
&= 10 - e —— 0 Conductances for Station 1
g 10 2 Station active
L] Add cond volume
=
10 3 ’
]
10 P Pressure seftings 1
10
conductance loss
Status: Increments: 100
109 108 107 106 105 104 103 10-2 10 Conductancesengaged _ Start 1.33E+03 MiliBar |
Pressure (MilliBar) vacuum vessel —Torget: 1.396-09 Mibar | M@sr
Volume: 1.92E+03 Liters.

J:;—-—-Q,-—-é Total:1.92E+03 Liters
L

0 Gas loads: e Cas-Airgas

Start Time:
0.01666667 Minutes
© 2012 Professional Engineering Computations

. - . Stop Time:
No part of this Frogram Reference may be reproduced, transmitted, transcribed, or translated 900 Minutes A

by any means without prior w ritten consent of

Professlonal
Engineering
Computations

Vacuum Technology Software 2256 Rncne Drive, Livermore, A 94
) . phone: 925-449-0941 fax: 925—445‘-4517
Windows version 3 support@vactran.com

www vactran.com
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B. System Model

B Untitied 1 E=SCh =
7 Help System Model
Station 1 | Station 2 | Station 3 | Station 4 | Station 5 | Station 6

Available range:
Start. 0.00E+20

A. Pump Model

A28 2E =2 8857 7
af 7/:?47 oE Q”—/ Cica

S Bwewpelor Shaow 3

Click here f_

\ == &

The following shows the pump model before any data is added.

0 Conductances for Station 1

=

A Untitled 1 e
: 1.00E-08 Torr
_i More info | Notes ] Picture | Drawing] Vendor's t:urve| Volume: 7.13E+01 Liers

Totat7 13E+01 Leers

Vacuum Pump Data

Pressure Purmnp speed
|L.000DODOOOE+D0 |1 0000D0DOOE+00
|'lorl _'__| |Litels :Jﬂsecond E‘

/ Pump station
;ipe ! Station(1)

||| Pipe 2 I| —

B

Vacuum

Add from file...
0 points in model

Format
0.000000000E00 v | |0.000000000E00 | 7 Help |

2018. 12. 7.

Vessel

/ Pump station

Pipe 1

||| Pipe 2

N

Station(2)
e

SAMSUNG SDI ZLISIY®
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1. Simple System Study

Click here

ciE)o+E smem

... to display the dialog shown:

<! Simple System Study E|

Select pipe dimensions
Pipe length Pipe Diameter Create System Model |
|100. 00 12,00

Solve calculated value |

|Feet ﬂ ||nches ﬂ 2 Help |

Select single pump speed Solve pump down time

Constant speed Calculated value:

100,00 61.72
ros <l floocond <] Hmiutes |

Select pressure range

Select vessel volume
Start pressure Target pressure Veszel wolume
|7. 6E+02 |1.0E-01 [10000. 00

Torn - | Liters bl

|\ Pump dovir time Pipe length  Pipe diameter 4 Pump speed fvolume {

2. System Model

lick here

2

In the New Document dialog that appears, select System Model and click on OK.

<! New Document E|
Models: Libraries: Viewers:
& Gystem model ¢ Parmsation library © Plain teut file
¢ Pump model " Out gas Ehary " Pichue file
" Row data gos load " Pipe library

" Haw data conductance ¢ 0-Ring librarp
" Gos model

" Pump Stahon

" Series Conduclance

" Parallel Conductance:

Selected Document Type: System model
| X cancel | 7 Help |

(click to expand)

Alternatively, use the system model speed bution as shown below:
lick here

wJi | B

1)

w5

SAMSUNG SDI ZLISIY®
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1. Simple System study?2| O

(MZo]l IhE S e

(=]
1) A HIX: 800 L

2) H{& =AuD)t Z0|(L): I.D. = 4cm, L = 100cm

3) HiZ|SE: 500 L/s(YH)

>
& Main Graph Window

Xiog (Y lin |(X grid on (Y grid off|(Labels] Max | [Export|[ Text ] [Controls...|[ Save to Gallery| ["] Auto save

Vessel pressure vs Time

= [@]=]

h N
A ¥
N\
0\
“‘
N
’g AN
€ 101 \__
= — -
o h "%
B b
= .
=
z 100
=
10 -1 . - - - - S

0 5 10 15
Time (Seconds)

20

25

30

[21H

CHZ| Y>>0.1TorrMHX|: 29%

& simple System Study

Select pipe dimensions

=]

Pipe length Pipe Diameter [[Zleatc System Mﬂdlﬂ}
10000 400 [:olve calculated valul]
Lm v [Cm ) [ ? Help ]
. IIIIIIIIIIIIIIII_IIIII
Select single pump speed o Solve pump down time |
Constant speed : Calculated value: :
500.00 § 29.04 .
(AR R RRRRERRRRERRERRENEHN)]
Liters V] I [second v} [seconds v

Select pressure range
Start pressure
7.6E+02 1.0E-01

Target pressure

Select vessel volume

Vessel volume
800.00

_"\ Pump down time ,{Pipe length / Pipe diameter / Pump speed /Yolume /

SAMSUNG SDI ZLISIY®
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2. System Model2| 04|(2)

= mizo

KR, Pump Model,
Bix| x{&£/of 2lojof BtCH

Giflas] A+ )R

]

O ——

YEZH 0 2 HI5E) 20|

lick here

A

Step 1: Start with a pump speed curve

The first step in digitizing a pump curve is finding a graphic of the curve. This can be scanned from a catalog or
copied directly from a vendor web site, but only if copyright notices allow this. Contact the vendor to be sure.

<! Pump Curve Digitizer

500L/s

______________

i 400L/s

180L/s

480L/s

460L/s

0.1

10

100

~
=3

pal
w3

e

(Torr)

B step 1 Start with a pump speed curve
Step 2: Specify log or linear axis

Step 3 Pressure scale
Step 4: Pump Speed scale
Step 5: Select units

Step 6: Digitize the curve

- Step 1: Add an image of a pump spead curve

Insert image from OR
file...

Clipboard is empty

- I'm finished. Take me to step 2

Too

SAMSUNG SDI ZLISIY®
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[=
1) M HA: 800 L
2) H{aF ZZAD)Q} ZO|(L): I.D. = 4cm, L = 100cm

3) HiZ|SE: Hi7|S =2t o wat of2f Qe =MF A

B VacTrar

File Edit Model Defaults \GraphS\ Tools Window Help

RUNS  BHREX GRS+ ELDOD | G|
+- CE|EESHED S E RN | [t

e

Py

-

& Miain Graph Window

Pump speed vs Fressure
F:DILee' VACTRAN_DATA BASESM_S00V_I00L-4D_SpYTPMP

[x1in ] (¥iog ) (X grid off](Y grid off | [Labels]( Max |[Export ][ Text | [Controls... Save to Gallery] [/] Auto save

[= [e]l=]

| 7Help)

W FwDILeeWVACTRAN_DATA BASEWSM_001VTSYS
System Model

=G

Station 1 lStation 2 IStation 3 l Station 4 | Station 5 I Station Sl

[ Available range:
0 5 — Start: 7.60E+02 1 Pump for Station 1
i - T~ Stop: 1.038-01
@t < Selected range:
F Start: 7 60E+02 -
r o P R 7 7 2 -Deleteall
o / [ F#. #SM_800V_100L-4D_Sp.VTPMP =8 -
- F | Data I More info I Notes I Picture ‘ Drawing I Vendor's curve‘

[ _ : ltrance Add
. / F:ADJLeetACTRAN_DATA BASEASM_S00V_100L-4D_Sp.VTPMP.PMPIMG.JPG (ekets )
et 7
£ /
é = 1 J4f
v/ oo N -

Ezu L / 480LIs DN gisl conductance Ios._s
E r pen 20

F Y a00Lis Start: 7.50E+02 Torr.

1= 1 oni Target: 1.03E-01 Torr

5 I Volume: 8.00E+02 Liters

S : _..-g, Total:8.00E+02 Liters
[ I EED Gas: Air.gas
E en
= b,
. ! 180LIs
107 10° 1° 10°
Prezure (Torr) 1
0.1 1 10 100 760
A Zw(Torr)
[ vai. [& =[]

SAMSUNG SDI ZLISIY®
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[=4)

1) ¥MH HX: 800 L

2) Hi& XA D)2} ZO|(L): I.D. = 4cm, L = 100cm
3) HHZ|SE: 2| S =21 Lo w2f HEh uj

21
CHZ|2>>0.1Torr K] : 35%

@ern T T W W -

File Edit Model Defaults Graphs Tools Window Help

BUNS ErREX | CE60+TILEOD | G|

+- OB EE DRRID] & aE 2" | o)

=

&® Main Graph Window
[X1og ][ Y1in |(X grid off| (Y grid off [Labels][ Max | Export][ Text | [Controls...|[Save to Gallery] [V] Auto save

= &

(WP £ wD)LecWVACTRAN_DATA BASE#SM_001 VTSYS

System Model

=8 Eoh =)

Vessel pressure vs Time
F:DJLeelVACTRAN_DATA BASESM_001.VTSYS

Station 1 | Station 2 | Station 3 l Station 4 I Station 5 | Station 8\

Available range:
Start: 7.60E+02

1 Pump for Station 1

| [ ————] Stop: 1.03E-01 SM_800V_100L-4D_Sp.VTPMP [ Add |
g = Selected X |
‘With conductance loss ‘Without conductance loss i é':: it |
10 3 — Start: 7.60E+02
: Stop: 1.03E-01 [T] |
Torr v ‘
P 7 7 | 1 Conductance for Station 1 |
10 2 m Station active 1 PIPE, L= 100 Cm, D= 4 Cm, no exit, no entrance Add |
- : [ | Add cond volume |
|
5 Multiplier: 1
=t |
@ 101 Pressure settings 1 b 4 “
§ i T _Use, conductance loss -
2 Status: Increments: 20
E Finished Calculation Start: 7.60E+02 Torr
2 100 __ Target: 1.03E-01 Torr
= o Volume: 8.00E+02 Liters
Q»_Q_ﬂgi Total:8.00E+02 Liters
101 m 0 Gas loads: == Gas:Airgas

0 5 10 15 20
Time (Seconds)

Start Time:

1 Seconds

Stop Time:
12000 Seconds

SAMSUNG SDI ZLISIY®
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1) MH N1X: 800 L

2) Hi& =FuD)eF ZO|(L): I.D. = 4cm, L =
3) W{Z7|S$k: Hi2| S5 =7} F=of w2l S ul

Vessel pressure vs Time
F:\DJLee!VACTRAN_DATA BASE\SM_001.VTSYS

[22H
CH 7| Y>>0.1Torr K| 35%
100cm

Conductance vs Pressure
F:\DJLee'\VACTRAN_DATA BASE\SM_001.VISYS

2018. 12. 7.

= = Ho £
0e With conductance loss Without conductance loss
“ 10 ¢ :
\
.\ s
. \ :
z h 1 2104
=] h Y =
= \ 2
o =)
5 10! \. =
3 2 103
a \ §
— 23
2 A =
5 =
; 100 \‘\ 6
X 10 2 —7/:,..
b
h % .,
\
X
10 1 ' ' N 101
10 20 30 101 10° 101 102
Time (Seconds) Pressure (Torr)
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* A
el
-J-I o 4 S q
V=800 [L] eff
Vacuum v P
Chamber =23 =
v
S.p P
?’E"%I-E—:! AL
HY 7| & 2t i
o | TR == == LS
S=constant oo ol %] P
_500L/s ole S: UM (£|cHZh 14.3 [s]
'5“*.‘.'&.' I 716000-;11000 S=S(P) Bt %S S: YEo|= 22.1 [s]
10—1 _ A2, C=constant ]
1 oy S=S(P) —400L/ C:oH 40.0 [s]
o2, C=C(P)-284+F . =
IV S=S(P) D —4em. L=100¢cm C: gEolE 30.1 [s]
No.| #&2 | H7s= | =@ | H3: | g #@d}
2, C=C(P) H| o
ol ' 1LY
VaCtran 1 VACTRAN S=500L/s(&%S) .D.=4cm, L=100cm Simple System 29 [s]
T2 =H s 20 [s]
2  VACTRAN 1= e C=C(P) System Model -
.D.=4cm, L=100cm 35 [s]

2018. 12. 7.
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=2

nxZL 3810l HT A
. G-MaX2 HFS7|(&a])
32}0| HI= 2}oI¢

7|E}:

- RGA H|0|E &

- Lo AF Y

W=
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=
(E2Al)

<0l 2>

Cryopump?
High Vacuum Pump with
cryogenic technology

A cryopump or a "cryogenic
pump" is a vacuum pump that
traps gases and vapors by

1 04240 (CAN) 1 > gmHc|

2gt o240 -
'y
>
o
s 1

b~
c—urmsz%Ju—-l' H

Cryocooler || Supply&Return Helium
or Cryopump || Helium Hose Compressor

condensing them on a cold

surface.

12 K Arrays
w/ Charcoal

SAMSUNG SDI ZLISIY®



The Principle of cryogenic G-M Refrigerator

TA P A "
2 3 %é\o Q %\O(\
e @ & N
Ph . @Q O\\ Q(O
| P G 2
! Regenerator
i i +20°C -"’/\I ---------------------------- 203K
f i A 00 | o reronororosomesonsmesorceced] A 273K
PL B 1 """"""" «4 T T~
\
| | > Y1 oY PR o R N 4 223K
1-2-3-4: Camot (isothermal-insentropic) Vnin Viax V -
1-2-3'-4": Stirling (isothermal-isochoric)
1-2-3"-4": Ericsson (isothermal-isobaric) I~
Fig. 2 G-M Cycles WL - :
Fig. 1 Carnot, Stirling and Ericsson Cycles %p_v diagra)r,'n) i \\ 173K
(T-S diagram) [
Production of temperatures to 1 K
. e BT o ) e M bbO s £ 123K
ke [ Stirling €S| ]
Cmmm—’ valve
gas supply
— o gsrE Eol(Es) e
gas retum B 11 3 6 e 73K
o [ Solvay & SJ| ]
e %§E|¢E> >%|‘%7| 228000+ fre-reererererarnenarannsnsnena e Displa \ement ......... 23K
Cold end @ .273° 0K
S [ e-musl |
load
Fig. 3 A Single-Stage Version of the G-M Refrigerator Fig. 4 The Heat Exchanging Principle of Regenerator in G-M Refrigerator
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3210|2 HI(Cryopump) £7i

Bl Cryopump Line-Up

/"_’_\ .
Type Model Pump Size S s Temp. Monitor
ICP | 200mm~4 caN. 15T e —
C 00mMm~450mm / { ”“"°rh‘iﬂ.‘ﬁi!.‘f.'!.':.':!.’.’,’.’.’}”‘””"'
U-Type HPM 200mm~550mm o ‘ - lmuu'u
HPS | 450mm~650mm e % Controller

1st stage s |
ICP 200mm~320mm >

HPCryopump ‘ X S

LT HPM 200mm~400mm \ o /
-Type S
» HPH 250mm , 320mm W\

[ moder: Gvr.HPm20u15-0 | Compressor Unit

EEY vs XIS YE bln

Test Conditions
T HPRMN ~ HCaePERmRals} HPM40LQ & 16"(U) Test Result(Regen. Time]
z):v;:"::mz”s‘_“”“" Cold to Cold - HPMA0LQ: Cold to Cold 130 Warmup(to T2=300K)
- ries
‘With N2 Purge & band heater ~167(UJ: Cold to Cold 270} Warmuplto T2=300K)

Up Right Type

" =

= /j‘@ :
( I )y (-

~ R g

2, s [

Time[min]

———HPMA40LQ_T1[K] ——— HPMA40LQ_T2[K] === 16"(U)_T1[K] - == 16"(U)_T2[K]
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CWP(Cold Trap) 271

Bl CWP Line-Up
(Cryogenic Water Pump/Cold Trap)

1%t stage

Type CWP Size

Inline 200mm ~ 500mm
Cold Plate Order Made

Regen 200mm ~ 500mm

[ CWPZ} HECI20] 0|X|= &)

‘]0'2 E T T T T
3 V=10m’ [—s— TMP(4000LJs)
10°L —e— TMP+CWP(25000Ls)|
_ 10%E
\ s I
g 10°F
e
5 107 F
[72]
e . TMP Only
a 10 E 10 mbs Time Reduction |-~~~ = S
10°F CWP+TMP
10’9 1 . 1 . 1 . 1 .
0 500 1000 1500 2000 olgjold scd ey
Pumping Time [s]

2018. 12. 7. SAMSUNG SDI ZLISIY®



18 - water, chamber o R - -
needs baking , &
32 inch Test Dome
/ N & 32 inch CWP - B
0 ‘ - |
4 (He}_, froln'l process, 10 . — - “ﬂ Cryocooler Test
or diffusing through |'| /e ) LI - Station & HPS80200
elastomer gaskets s 28,32 - N, (or CO) T : — » .
| N/ o ! |
8p 1 and O,, suggest a w22\ Eni
| _/Leak to atmosphere 7 ‘ ’

Aucxiliary
Vacuum System

only 2 (H,), 28 (CO)
and 44 (CO,) should

ure x107° mbar
o

wn

~c
Main PC: KRISS

be presentin g~
clean, leaktight UHV = “‘*3\

£ 3y \&H Forest of peaks

| p\ around 40-70
2 ( \ suggests pump oil
Al | A ] /contamination (fit

P: . N ﬂ pl 'PUL‘J L baffle or trap to

obi | . LA R AT A WA ol w4 pump)
0 10 20 30 40 50

Mass Number
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Eile Operation  Display Parameters -8 %
lon Current [A] j

E-1D-Ion Current [A]

1.788E-12A |
> 1.495E-13A |
'—18.00 1.036E-13A '
41— 28.00 7.609E-12A

1.277E-13A

E-151 ; ‘
6:45:00 27 7:00:00 27 7:15:00 27 7:30:00 271

@/ 14915 cycles saved ta temporary file riy | EEE

32)E LI'E|'|:| +4H0| ACt= 2|0
X 2ako|9f
713 Zz —?—Oil EiI*E HAlg
=A Ll'E|"EI': E-’-.f— ﬁEIE = M2 24

STS M= 0| M Z4tz|0of L2 2.

C
154>
L&
N =

2018. 12. 7.

Standard Speed Dome
(32inch, 800mm)

To measure partial pressure

SRG and IONG
To measure pressure

Water Vaporizer

Test Apparatus Development

- Flow Range: 5~300 [sccm]

1) Commercial VC + High Temp.
MFM

2) Liquid MFC + Homemade VC

CWP; 800mm & 5d E{H=

GWP AP800J

(32inch CWP)

SAMSUNG SDI ZLISIY®



ClE&2 &8¢ 173 49 7| dsAd 5 54 o4 .
=t} 2018.02.01
(RGA 2MZ 1
1.00E-10 1.00E-04
1.00E-11 1.00E-05

Relief valve O-ring_IPA IPA S0{'d_Air AL

< \ %
@ _#28
@& 1.00E-12 18— [H-\ 100E-06 =
o) Y — Qo
= # S
E 14, #16, A
QL
(a
1'OOE_13 - - - - es oo e - e o o - 1.00E-O7
= p—— - - -— e ah a» o) a» a» o a» e - an e e b v S St Bt i e i S Bt | P1: 8.2 '8mbar
- ar ar e a» e» a» E» a» @» @» @ @ @ _\—\O-‘\" '-~—-J’------— ------- P2: 2.2E-8mbar
"]
1.00E-14 1.00E-08
0 2 4 6 8 10 12 14
Time[min]
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Ca*? + 2(HCO3-) > CaCO;(Scale) + CO, + H,0
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