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Pressure(abs)
1000

Vacuum Degree Classification

Pressure Range

100 ,~
10 ,—

Vacuum Degree
[mbar] [Pa]
X =
(Iowx-l/;cjum) 1000~1 10°~100
S&3 s 3
(medium vacuum) 1~103 CH 100~0.1
NEZ A .
(high vacuum, HV) 10°~10-" 0.1~10
=085 7-.10-10 5_10-8
(ultra high vacuum, UHV) 107~10° CH 10~~10
PRbries <1010 <108

(extremely high vacuum, XHV)
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Dr. Walter’'s work

Vacuum Pumps Classification

VACUUM PUMPS

Pump
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Vacuum Pump — © 1 O— BH O 1 O— Vacuum Pump
[ I 1
Positive Displacement Q™ A\VA Kinetic o 2 CFA Adsorption
Vacuum Pump o 1 (Ol o) — Vacuum Pump 1‘% oI: XI_ = —l Pump
I ] | [ I T 1
Reciprocating Rotary Drag Fluid Entrainment lon Transfer Cold Trap
Displacement Pump Pump Pump Pump Pump
I I
Diaphragm Liquid Ring Gaseous Ejector Bulk Getter Getter
Pump Pump Ring Pump Pump Pump Pump
I I
| [ | [
Piston Rotary ] Turbine Liquid Jet Diffusion Getter lon Sublimation
Pump Piston Pump Pump Pump Pump Pump Pump
| I I 1
Multiple Vane Sliding Vane Axial Flow Gas Jet Diffusion Self Purifying Evaporation
Rotary Pump Rotary Pump Pump Pum Ejector Pump Diffusion Pump lon Pump
Rotary [ Radial Flow Vapor Jet Fractionating Sputter lon
Plunger Pump Pump Pump Diffusion Pump Pump
Dry Roots Molecular c
Pump Pump Drag Pump ryopump
Turbo molecular
Condenser




Vacuum Pumps Classification

Piston al= Outlet
() Check

=i — — Valve
HiEH (E4) HI (Gas transfer Pump) -
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Vacuum Pumps Operating Range(1)

Rotary Vane }-Iechﬂniir:ﬂl Pump
Rotary Piston }-Iechmlnicﬂl Pump
Dry Mechanical Pump

Sorption Pump , |

Blower/Booster Pump ]

Venturi Pump : , |

High Vac. Pump Sl |
I  Ultra-High Vac. Pumps
|

1
| | | | | I | | |
10-12 10-10 10-3 10-° 104 102 1 102

P (mbar)
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Vacuum Pumps Operating Range(2)

Rﬂ:ughing Pumps
i

Liguid Nitrogen |

Trap o
Diffusion Pump | [ |

Turbo Pump - 00000 1 |
Cryo Pump —— |

A, S . ]

Pump
| | | | I | |

10-12 1010 10-3 10-° 104 10-2 1 10+2
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Vacuum Pumps Operating Region(3)
Related with Q, P and S,
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80K Baffle

80K Shield
15K Panel
Cold Head

(2nd Stage)

EHENEAA)
Cold Head

(1st Stage)

HE7|UNIT
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Magnetic Bearing

High Vacuum Flangg
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20| H=e}l TMP Ato[g] £§4 H|

Items

Cryopump

Turbo Pump

Remarks

Performance

higher

Medium and high

CP: Powerful Pumping performance

Pumping Method

Entrapment pump

Mechanical pump

With/without moving parts in pump

Good for Type lll gases, Water

Bad for type lll gases, Water

Cryopump is Only one to pump water!

Possible to large size

Impossible to large size

In vacuum, Size = pumping ability

Svstem complex Simple CP: consists of compressor/pump/a lot of
y (Power + Cooling water) (Power) accessories
Vacuum Process Reqener.atlon No regeneration CP: has periodic regeneration cycles
Non-continuous Continuous

Price

Relatively low cost

Relatively high cost

12 012401 (CAN)
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Full_Regen-GVT.pptx
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T 2XIS T Base pressure [mbar/Pa] Bake-out= 5%t E2 TS5
e Hi 7| & & Pumping speed [L/s] 7R =Q 8 W7 =
af
Pumpingullz:o:c;y [std. L] _ CryopumpOjl i
4 Z|CH =3 2F Max. Throughput [mbar L/s]
5 WAt Cross over - CryopumpOf| 2t s =
¢ SZAIZE Cool down time  BZLEZ AlZH (SE HTIX])
[min] [min]
J1ep MEAI ZH(cryopumpdfl 2 S1S), 2r=HI(TMPO| S 34 E), 2 H|H

g 25 U5, 78 87} S0 U=.
& TMP2| Hi 7| £ 57 E'; O 27: PNEUROP 5608, 1SO 5302, ISO 21360, ISO 21360-2, ISO 27892, AVS 4.1, AVS 4.2 [2-8]
4 AtojeHIZo| Hiv|HE S TR 2A:
* 1S021360: Vacuum Technology - Standard methods for measuring vacuum pump performance
* PNEUROP PN5ASRCC/5: Vacuum Pumps - Acceptance Specifications - Refrigerator Cooled Cryopumps - Part 5
* AVS: Recommended Practices for measuring the performance and characteristics of closed-loop  gaseous helium cryopumps
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Test Dome #1
Throughput Method

Test Dome #2
Orifice Method

S5=Q/P

d(PV) dV- . dP 1
=" —pt vy o b
(‘ [’If‘ df‘ di' -II-! Butterfly Valve

600 l/min
Mechanical Pump
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\\
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High Vacuuwm Pump

600 Limin
Mechanical Pump
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s )
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F,—Fy

. [7mRT 1 5
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L 22/a~ =7
d- 22/uj~ X

S= (I 1)

Schematic diagram of the apparatus for high vacuum TMP performance test.

EX: ot 7583 K| H19¢ 43, 2010 78, pp.249~255, HE EXHHI(TMP) Hi7| &= S0 2ot 0%
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Pressure [Pa]

FEH 24

TMP 1000 L/s Pumplng Speed: Throughput Method
10

—o— TMP 1DDDUS N Vendor Data
—=— N, Pumping Speed_ Throughput Method}!

Pumping Speed [L/s]

Pressure [Pa]
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| C_=36.167 s

C o =486791s

N

Conductance Difference [%] = 27.199 %

{ —e— N: Pumping Speed: Throughput Method
: —*— 1st N, Pumping Speed: Orifice Method
| —o— 2nd N, Fumping Speed: Orifice Method

—a&— N_ Pumping Speed: Throughput Method + Orifice Meth

o 10° 107 10
Pressure [Pa]

10°
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the performance and characteristics of

closed-loop gaseous helium cryopumps
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Pumpizg Spredda)

Thus article establishes a set of dures for ely charactenzng closed-loop I\fé"lql‘ﬂqﬁ ., t
gaseous helium cryopumps Topics include a listing of technical definitions and hardware AN D/2 :
illustrations of cryopumps: safety considerations in the use of cryopumps: methods and procedures \\
for determuming the speed ultimate pressure. capacity. cool-down time. impulsive gas load PUMP ("‘)'Z’;..i““m"?.f‘  250psigiCharge Pre)  ppngany Hydrogen Pumping Speed :: mmmum by minan
tolerance, regeneration time, thermal radiation tolerance, and maximum throughput tolerance of INLET @ Pump - ooy P e _SW - 35W Expander e e e . s
cryopumps; and, a method of measuring the vibration characteristics of cryopumps. © /999 TEST 3) Calibraled Gauge sefling( 21 CH2) - Charceal : Kuraray Zmm Preseure mﬁmmm
American Vacwm Society. [S0734-2101(99)06405-2] GAS D VGAEI& R T W ARRAY e T e e s o)
1.5E+04 50
I. FOREWORD 1.1 Gauging and Instrumentation \ T
oo Fic. 2. Single-dome flow-meter pump speed measuring apparatt Bl W N . . 1% g
This d — Calibration of all cnitical instrumentation such as vacuum g pr—— Ll ]
g a set of procedures for R 3 Funing peeat
reli o closed.l heli gauges, gas flow meters, and temperature measuring mnstru- FIRE ST 0
SRRV .‘I Cdm“‘mzmg L c‘h::’P ] f Y™ ments, shall be traceable to the National Institute of Stan- 1 4 ——rm H
cyep umPé . goee m: rx;alt]d vac(eanu%xxof V" dards and Technology (NIST), or some other recognized na- 2 s e e » %
OPIERD IETASMAIAE OF Kjilil MR CIyOpUi OMDET  tional standards laboratory. However, it is permitted to £ 3
subject 1s prumanly relevant to the design of cryopumps. and  3equme that vacuum gauging (e.g., Bayard-Alpert gauges) < H
beyond the scope of this practice. The latter is of very lm- il be limear over sueral orders In magnitude bz\ond the ©E
ited use, and believed not to ment inclusion in this recom- diate range of cal Instr used to mea- N
mended practice sure cryopump array temperatures in all applicable tests shall a

These recommended practices are based on sources and  have accuracies of +0.5 K. 410605 S10E05

information believed to be reliable. However, the Amencan

Vacuum Society and the authors disclaim any warranty or
h'zbl.hty based. on or relating to the contents of this material. | 5 Accepted vacuum practices
Nothing in this practice should be construed as an endorse- H ended " Nigh sasiess of
ment of a manufacturer or supplier of equipment. Special gt PERCACER, Toguis - o
attention should be paid to Sec. I, SAFETY, before pro-  quality and workmanship when preparing and operating the
fing with any of the Teco ded practices vacuum test equipment. It is assumed that the user has prior
= 5 knowledge n acceptable vacuum practices, and in the use of
e e < . 2 good expenmental techmique. The user unaware of these
{,:;mmfm;m s Cham andedien ek malb technologies is referred to existing American Vacuum Soci-
“Retred ety Recommended Practices published m the Literature. basic

3081  J. Vac. Sci. Technol. A 17(5). Sep/Oct 1995 0734-2101/99/17(5/3081/15/$15.00  ©1999 American Vacuum Society 3081

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr




|
==
()

al212]
(Compressor)

Cryopump?

High Vacuum Pump with cryogenic
technology

A cryopump or a "cryogenic pump" is

a vacuum pump that

traps gases and vapors by condensing them
on a cold surface

Pump

{Crycpump Set>

1} 012401 (CAN)

2tt ofzfo]

- -
}3&4‘ E

nd /
2"d stage

74

1st stage

Cryopump

Baffle

[ &7 (Compressor) ]
G-M Cryocooler J l\

Cryocooler
or Cryopump

Supply&Return
Helium Hose

Helium
Compressor
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ACE
The Cryopump Structure and Operating Principle

H;. He, Ne

o e e S
I g P o T T T T T N Y

1. 15t STG Array(Baffle): (40K~80K)

- water pumping

- protect 2"d STG Array from the ,
Radiation Heat of main chamber . — -

2" STG

2. Radiation Shield(CAN): e
- protect 2"d STG Array from the
Radiation Heat of pump body

1stSTG

3. 2" STG Array(Charcoal Array):

(10K~14K) 12K Arrays|||

- type Il, type lll gases pumping w/ Charcoal

X Type | gas: A gas which is cryocondensed at the operating temperatures of the 15t STG array (H20)
Type 1l gas: A gas which is cryocondensed at the operating temperatures of the 2" STG array (N2, 02, Ar)
Type lll gas: A gas which can only be cryopumped by cryosorption, and usually through the use of
a sorbent material(generally, activated charcoal) at temperatures of under 20K (H2, He, Ne)

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr 20


VACUUM.PPT
Full_Regen-GVT.pptx

Pump Upgrade from ICP to HP Series

W L-TYPE PUMPS COMPARISON (HPM .vs. ICP) W

HPM
SERIES

ICP
SERIES

ICP200LQ-ISO ICP250LQ-ISO ICP300LQ-ANSI ICP320LQ-ISO
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B Up-TYPE PUMPS COMPARISON (HP Series .vs. ICP) W

HP
SERIES N
'&’&i
=&
HPM30Q
JIS JIS JIS JIS
ICP
SERIES
ICP200Q ICP250Q ICP300Q ICP400Q ICP450Q
JIS JIS JIS JIS JIS
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HPM40L or HPH40L
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GVT, Inc

GVT Cryopu
HPM40L Custd

Genesis HPMAOL Clssic is a GE and SEMI complig
surface analysis and high vacuum research applicat)
optimally tune cryopumps to customer specific appli
norm.

Built on the high wattage refrigerator platform, the
sacrificing the radiation capacity. Genesis pumps an)

They
on th
desig
Keepil
focus|

the cf
the p

achie|

“grou]

The HPMAOL Ciassicis available in two different
the tool interface. The ‘0" optien pumps include an inj
dual heaters and temperature sensors. The Gen3 cor)
the sensors, fransducers and gauges which are mouw]

Apart from its capability to perform “Partial Regener]
ways. Either of the methods ensures effective clean-4

The closed loop compressors that drive helium throy
The 'Optional Smart Compressor” if procured, can givl

GVT. Inc, 577-4

HPM 40L Classic
TECHNICAL DATA & ORDERING INFORMATION

TECHNICAL DATA

welght (kg) 42 42
e » wnmfp LR . e CEEE . L L Y
o Nitrogan 5,000 5,000
Hydrogen 15,000 15,000
Pumping Spesd ( LiterSec} Amon 4,500 4,500
water 16,000 18,000
Base Prossura Tarm <10? <10?
Maximum Flow Rate for Argon Tar LivSec 13 13
Argan 3,500 3,500
Pumping Capacity (Std Liters) Hylr?mgan 4o a
M Crossover Throughput Tar L 550 550
2 Cooidawn Time Mnutes 80 80
" standard Regeneration Time Full Regenaration (minutes) 160
:Mﬂn 30 min extanded purge for Full Regen) Quick Regeneration (minutes) 70

DRDERING INFORMATION

HPMACR - Ml Mo S W00 0,8 8 0 8w .
Expander Rght
§ - This place halder |s for the type of flange that Is used. It Is

s ENEEEEEEEEEGAESEEEEEEEEEEEEEE
5401 HPMADL HIgh Vacuum, Exender Fig

1:ASA 2Z:CFF 3:150 (Clamp) 4: ANSI, ASA Rotatable

EEessssmesnsnnnny
Hag1-§01

L4

@- Under Devaloging 5:CFF Rolateble €150 (Boly  7tJIS. (4,56 Special)
PART NUMBER
Hollum Compressar 2.1 Compressor &31-1200/1300 For Ong Pump Operaton(50HZ/80Hz)
TA1-2100[3F 2200
Hallum Compressor  HCBOPIUS 741-3100(F 381 For Muttl-pump Oparation
B850-2050 5 Moduls Controllar
Gan3 Confroller (For up o 5 pumps) B50-2030 3 Moduls Canfrollar
8501210 Half Rack, 1 Moduls
Cryaboss Netweork Controlar B45-3000
Compressor 0 Cable, DBO, MJF, 50 1t 142-003050
Use whan more than 2 compressors are
Comprassor V0 Cabie, Dual, 50t 142-004150 ity 0 0no Gen3
iclar power Cable, 20 1t 131-D00820 For Other L angth, Comtact GUT
Pump Digitizar Gabis, 2010 131-008420 For Oiner Langin, Gantact GvT
A Haatir Power B 130-001 220V
AC Haatar Cabla Assemily, 25 142-003925 For Other Langth, Contact GWT
Heator Distibution Box Power Cable, 10 1t 142-004010 For Other Langth, Contact GWT
Comprassor Power Cord, 151t 12100880001 1 50X For Other Langth, Contact GVT (2.1/HCBOPILS)
Handheld Sarvice Taminal 140-000700
For multipla pumps on the same comprassar,
Hallum Hosa Sat contact GWT and manifold
) . 585-003 1:2, 34" @ hose Sat : For 2 pumps
Manitold Sat: 0N Compressor : Mult- pump 565-004 124, 344" @ hoso Sat : For up to 4 pumps
141-005200 211, 3/4" To 2x3/4" Aaroquips
Manifold Set:  Multl-compressor Connect 141-005400 2 To 234" Asroquips
‘o Tool Mantfold 141-005600 31, 3/4" To 3x3/4" Asroquips
141-005800 31,1 To 334" Acroquips
¢ important Not the right to without notica In our products and In the Information and contant of this brochura.

Tha statsmants and INformation In tha brochurs ar Intandsd to sarve only as guides. TRAre ara o warrantles or binding cescriptians of the proaucts.

GVT, Inc, 5774 Chilgoe-Dang, Pysongtask-8i, Gysonggh-Do, Korea 459-050

www.gvtkr (LDJ Rav A)

https.//www.acesystems.co.kr
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HPM 40L Classic
TECHNICAL DATA & ORDERING INFORMATION

TECHNICAL DATA

CLASSIC MODEL SPECIFICATION
Welght (Kg) 42 42
Spaca Envelop (Fater to Outside View DWes) L XWX H (mim) 520M225X733 520X225X735
Hitrosgen 5,000 5,000
Pumping Spead { Liter/Sac) Hydrogan f‘l':a';“ f‘l':a';“

Basa Pressure
Maximum Flow Rata for

Pumping Capacity (Std Ly
Crossowver Throughput
Coolcown Time

stancar Regenaraton T
(With 30 min extanded puj

ORDERING I}

HPMIAOLA - Culck Regan.
ont

Exparder Al
§ - This placa Nolder 1S
@- Linger Deweloping

Hallum Compressor 29|

Hallum COmpressor  HGH

Gand Controller (For up o

Cryoboss Network Controny
Comprassor 1'0 Cabida, DBY

Comprassor 'O Galiks, Dus
ol pOWE CaDig, 20)
Pump Digiizer Cable, 20°
AC Haatar Power Distr
AC Haatar Cabla Ass
Haater Distdbution Box
Ca ssor Power Cord, 1)
Hardneda Senvice Tamina)

Hallum Hose Sat

Manifold Sat: One Compry

Manitakd Set:  Muttl-cormp
o Tool Maniiold

W Imiportart Notlcs: W ress
Tha statemants and Infomy

TECHNICAL DATA

Weight (Kg)

Space Envelop ('Re'fervto Outside View DWGSV)'

Standard Regeneration Time

(With 30 min extended purge for Full Regen)

www.gvt.hkr

Nitrogen
Hydrogen
Argon
Water

Full Regeneration (minutes)
Quick Regeneration (minutes)

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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The Pumping speed, S, Calculation by Monte Carlo Simulation

Model h1 h2 r1 r2 ra r01 r02 | gap Sp_p, SpP_n»
25.7 19 28.3 7.9 13 6.8 25.5 1.37 31000 8300
530(2) 22 12.5 25.5 40000 10600
22 12.5 (23) (44000) | (11800)

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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Baseline Test Apparatus

pup s
INLET —, S
TURE .

VARIABLE -
LEAK -<0.1D  p/2
D
i nyz
VACUUM
GAUGE

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr 26



ACE SYSTEMS (Ace Cryo-Engineering Systems)

1. Pumping Speed

S,=Q/P

Here,

Sp : pumping Speed [L/s]

Q : Flow Rate [sccm]

P : Pressure [mbar or Torr or MPa]

V.6.2 Definition

Pumping speed is defined as a volumetric
displacement rate or volumetric flow rate,
and is the value of the quotient Q/P
anywhere in that systems. The units of
pumping speed are liters per second, or L/s.

https.//www.acesystems.co.kr

S, = c A, V/4

Here,
c: capture probability
A,: entry aperture Area

GAS PUMP TEST
INLET —_ ~ DOME
TURE _ Vs
VARIABLE . \- £ *
ARIA :
LEAK -<0.1D p/a
FLOW  — S ¢ D
METER . £2 il p/e i
\ = =
PUMP
a INLET :
TEST \L VACUUM
i —'E | iy————
GAS D — GAUGE

Fic. 2. Single-dome flow-meter pump speed measuring apparatus.

27



e 1. Pumping Speed

Test Conditions
1) GAS : Hydrogen (99.999%) “Max. Pumping Speed - 3543 L/s
2) Pump : HPM 20Q . ] : ; -

Comp. : HC80 Plus (250psig) Hydrogen Pumping Speed Average Pumping Speed : 3490 L/s

3) MFC(0~50sccm) (HPM20Q-Proto#1) e oy ek speed)
4) ENG Test Bench#1 : 09,

5) WM Type Array Tested by MH Han

Test Result

4 0E+03 40
|
g
@
3 = P umiping Speedil /5]
wn
o  3.0E+03 V) 1 20
= = T2(K)
o floweratelscor)
£
=
o
2 5E403 [ e = " - - 10
2 0E+03 L L . . 0
1.00E-06 510E-05 1.01E-04 1.51E-04 2.01E-04
Pressure({Torr)

Temprerature{K) & Flowrate(sccm)

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



A(ACE}
e 2. Pumping Capacity

GAS E_UMP TEST

o ege INLET — ~ DOME
V.6.2 Definition TURE N\ )/ *
V.2.2.1 Single-Gas Pumping Capacity: The VﬁEEIiELEﬁ_\ —if*i__i;‘_;:n‘m D2
quantity of a specified RT(room temp.) gas, in | ~10° \ .
Torr L(or mbar L or Mpa L), which can be S S [N
pumped at any pressure, while thereafter, at a METER ~\, OF ' _MT,E
specified pressure Pt, the pumping speed Sp, \ — ]
is 50% of the speed at Pt, and as measured %ﬂ L ,
subsequent to a regeneration. TEST g - hﬁﬂﬂl?{

Fic. 2. Single-dome flow-meter pump speed measurning apparatus.

V.2.5.1 Rating: Plot the pump speed for test gas as a function of the amount of gas which has
been pumped. Interpolate the data to establish the quantity of gas pumped at which time the
pump speed Sp at Pt is 50% of the average speed, Smax.

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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e 2. Pumping Capacity

Test Conditions

1) GAS : Hydrogen (99.999%) Test Result
2) Pump : HPM 20Q . Hydrogen Pumping Capacity - H2 Pumping Capacity: 55.0 std.L
Comp. : HC80 Plus (250psig)
3) MFC(0~50sccm) (HPM20Q-Proto#1) Test Date: 2011.10.20~10.29
4) ENG Test Bench#1 Tested by MH Han
5) Wm Type Array
£.00E+03 100
—— Pumping Speed(L/s)
4,50E+03 ——T2(K) 90
4,00E+03 T1®) 80
3,50E+D3 0w
= 3 00E+03 e 60 <

= 3 ACun ! “"“'H-""'v"-n-.- _ﬁ

- o

® 2 EIE+D3 - 50 o

3

=0

L1 o B e s N ] P 1 40 2

="

E 1,B0E+03 ' 30
1,00E+03 20
0.00E+00 0

0 5000 10000 15000 20000 25000 30000 /000 40000 45000 50000 E5000 60000

Accumlated Hydrogen(standard cc)

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



AP
3. Max. Throughput (for Ar)

V.8.2 Definition

The maximum throughtput is the maximum constant RT gas flow rate, in Torr L/s, which a
cryopump can pump with temperature T2(2"d STG Temp.) at 20K

[Condition]
- T1(15t STG Temp.) >65 K
- T2(2" STG Temp.) is in the range of 17-23 K.

[Rating]

- record a minimum of 6 stabilized temperatures and flow rates.

- Both array temperatures must equilibrate for >0.25 h(15min)
prior to each reading.

- Of the six data points, at least two T2 temperature measurements
must be taken above 20K, and at least two T2 temperature
measurements taken below 20 K.

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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3. Max. Throughput (for Ar)

#: Test Conditions.
1) Comp : HC80 plus .
oD MO EF HPM20Q CF Argon Maximum Throughput TestDate : 2011.10.07, by mhhan
2) P
; : - TestResults :
(3) Calibrated Gauge setting (2 91) - Charcoal : Kuraray 2mm .
(4) Test: ENG Bench#1 - New Array Max. Throughput: 12.2 Torr L/s
-1st Test
20 I 5
18 -
F = - = = = a 1 E0
ﬂ; 16 | <
5 1 45%
: =3
R E
% 14 ¢ a
3 g
£ - 1302
= 12 -
[ | —a— Max. throughput(Torr l/s)
I
F 15
10 1 : —a—T1(K)
1
1
8 1 1 v 1 1 0
17 18 19 20 21 22 23
Second stage Temperature(K)

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



4. Crossover

V.8.2 Definition Gas PUMP TEST
The impulsive gas load tolerance is the ITE{%E N -/
maximum quantity vapape 1 *
of RT nitrogen or argon gas, (PiVi) in Torr |, LEAK T\ _};ﬂ <0-1D /2
which can Vi=known SN . 4
be admitted into a cryopump in a time interval volume | e+
of <3.0 s, D/
while T2 remains at a temperature of <20 K. |
Specified Gas \L VACUUM
Pressure GATGE
Pi=variable

(For example)

Pi [Torr] -E--E_-E-“

Vi [L]-fixed
Crossover 660 770 880 935 990
2" Temp. 18.0 19.0 20.0 21.0 22.0

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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4. Crossover

Test Conditions
- o
1) GAS : N2 (99.999%) Test Result
2) Pump : HPM 200
Comp. : HC80 Plus (250psig) _Crossover: 840 Torr L
P psig Crossover Test Date: 2011.10.15
3) Keller Gauge / 5.5L Chamber Tested by MH Han
4) ENG Test Bench#1 (HPM20Q-Protoi#l) Y
5) WM Type Array
1200 SO0, 0
i 1 s00.0
1000 = a ]
- I 1 a00,0
E - —m—Crossover(TorrL) .
S o == = e e o e e e me e e e e e e e e e e e e e e e e T
| = 4
2 300 —=—T1(K) — 300.0
o i |
b I = —+=—Pressure(Torr) ]
=4 ; |
| = - i
S | 1 200.0
i —— — ]
00 e | :
i — * i -
I | 1 1000
- » . o o 7 :
A00) i 3 3 3 i OO
17.0 18,0 12.0 20,0 21.0 z2z.10 23.0
Second stage Temperature(K)

Temperature(K) ! Pressure(Torr) / Volume(L)

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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5. Cool Down Time
V.3.2 Definition

Cool-down time is defined as the elapsed time between
when: (1) the cryopump T2 and T1, respectively, are >RT;
(2) the refrigerator is turned on;
(3) T2 <20K and T1 <130 K, respectively, are achieved.

Test Conditions
1) GAS : - (99.999%)
2) Pump : HPM 200Q
Comp. : HC80 Plus (250psiqg)
3) MFC
4) ENG Test Bench#1
5) WM Type Array

340

Cool Down Test
(HPM20Q-Proto#1)

Test Result

1) Cooldown Time: 73 min
Regen Time(C to C): 116min

2) Base Temp: 33.1K/10.5K

3) Base Pressure: 1.1X10-38 Jorr
(with Speed Dome)

Test Date: 2011.09.20

Tested by MH Han

320 s :
o0 //: -~\\\\ i — TR
1 1
U R ///r \ 1 Tk
260 } I
240 / 1 Nr‘ n 1 —
—_ d 1 \' '\ 1 pm
x 20 i N i
@ 200 lg ‘ rmTarr
5 <
T : \\ \\ i
2 1m0 L L
E : N N :
~ 120 1 \\ \\ 1
1 1
100 o~ N H
80 : ‘\ \\I \
1 1
Bl
4n ! N N
[ — L | Y
2n 1 L\
1 : 1
by 2n : 40 &0 & 100 120 : 140 160 180 00
Time

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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=H . | - e
1) ¥E=8/H%: tAHHT S(N/m?) A3 7|5 AE g Al 371K B3
~CrQ &I e 7| X|Q] oYX v e N
ot RIS 2142 oy x| PV = NkgT
. 2 ETE HEY
PV=NKT (Unit: J, Of| L X|); 7| M| & Ef '8l 4] PV=n,RT

. . Blgro s EaiE
P=nkT (Unit: J/m?, EHSINIZ{Z oL X)) Ty o BT
— EXIUE n=N/V, n=P/kT - M orFu=
QUHL7|H| AF4=: R=8.314 [J/mol.K]
OlH7[E2: N,=6.022x1023 [molec./mol]

Def. PV= Z[XZ2 A9 EHEFFA/0/ O/ &Fof= . EXOEAA k,=1.381 x 102 [J/K]
JfA 0| HXI 2 Z o)L X + B $:in, (ref. 18: 0°C 17| 22.41)
. EXUL, nI} L8
here, N: total molecule number . 7|x1|g.c¢f} EJEE% 'Ej}k;K]'
n: N/V, number density of molecules . HTEXL N7HS MR ZH): m,
k=kg: Boltzmann constant - =AM, 182 BE. _
1.381 x 10-23 [J/K] + ®I: R= Npkg, n,,= m/M, R= R/M

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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1 atm(Sli+=HOM CH7|2] &)

=760 mmHg (=Torr)
=1033.23 cmH20
=14.7 Psi

=1.03323 kg;/cm?
=101325 N/m? (=Pa)
=1013.25 mbar (EhPa)

1 mbar = 100 Pa = 0.75 Torr

ACE SYSTEMS (Ace Cryo-Engineering Systems)

Aol 37|9} B9
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e

SA7pA 87

(46.7L)

ACE SYSTEMS (Ace Cryo-Engineering Systems)

&7| el =0l cHet Mg 20|

SYUYU=: 120 bar
(12 MPa)

https.//www.acesystems.co.kr
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el co|pist 281
Q1. &2 100 Nm3 2] SZHEA)
Q2. =2 100 Nm3/day MM {2
f. 2, SR Xto|H?

2.016g9 1 mol
1mol 22.4141L

100 Nm3 =100 * 1000 std. L *

3 B 2.0169
100 Nm°/day = 100 = 1000 std.L * ———=-/day

= 8,994 g/day = ~ 9 kg/day

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr 40



<Ay

x-“ AI-EH I:Il-g Al %.g.

o o -1
Q3. 7t2 YHIo|M 47L 2 7t S FEUCE 872 Y HO
120bar® Off O] 7|0 = &2 7t22| A= E01Q7})?

(B 2E = 20K)

12%10°% * 0.047 * 0.04
8.314 * 293

m, = (P V M)/(R,T) =

=9.26 kg
X AT Ff2 0 Z L9 OJYIINSEN S TS A3 ZR0| YOIL} XFO|7} 577

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



taer O|AFZ| K| AFERHI Al 221

Q4. 0{td JzjlojeEIo o*-T'—(Ar) HY 7] 8 2 (pumping capacity)
0| 10,000 [std. L]= 2™ ALt X Hi7|8F MBS #lol &
= A S FEo] St} 47E| E 7|5 R 7| =20l of &2

1mol 40g

10,000 std.L = 10000 std. L
22.414 L 1mol

= 17,857 [g] = 17.9 [kq]
1£0] 9.26 kgO| 22, 2E0| TR S}C}
X T F42 0 ZL0f O YIS LT Y2 A S 20 QO A0/} SIf7

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



Table 1. Y&

i S0 UHE EXHE E(n)

Variation of the Number Density n of Molecules for All Gases with Temperature and Pressure,

Calculated from Eq. P=nkT.

(n: XL E, TH2l: [molec./dm?®] : dmE decimeter m2| 1/10, & 10cmY)

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 2.45E+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

ACE SYSTEMS (Ace Cryo-Engineering Systems)

https.//www.acesystems.co.kr
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- = A

Fig. 1 I5(XSE)0 WS ?|HZ Xt 72| H2}( 0 °C, 22.4 1)

1024 \ : |

Outgassing rate PV =nRT o
1x10° 1.87 X 1077 mbar {/sec cm? e
=1.40 x 1077 Torr #/sec cm? f./i
102 . =112 x 10°% sccm/ cm? P Bf9F 28 2cm XS EA Hf LY
28.2 e / S A HI#E’"/.&”VH’ grof
N . PV=NK,T 1.87x10(-7) mbar L/s, cm? 23
, 10 i W A=477 4 N=PV/K, T ..
9 L
3 1o 602 x 1002 R e 25 % 9 27} BHA &
2 g = /.4 SE/= 2277
= 19 18
= 10 = sz /,.f | 1.44?< 10 | op 870 EEEEL
] .= CIN
s . u 18 . 1.712x70(-5) x 4771.4
E 10" | B —+26-< 10 " molecules/min Ry 4;70)(_ 5) scem)
-/l
10" 5 2 2.69xT10(19)x5344x710(-5)
. =1.44x10(18) 7H/min
10" L7
10°  1x10° 1x10* 10° 10° 10" 10" 10 10° 10’
1 scem =242- X 101° ZEA/ = Presssure(Torr)

2.69 X 10" << TecE 22X 74+
ACE SYSTEMS (Ace Cryo-Engineering Systems)

=? OfHIfEZ 3+ N, 6.02x10%° EA/22,414cc (22.414L=22,414cc)

https.//www.acesystems.co.kr
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Table 2. +EE(73)2 =c|H 2|0

[atm.cc/s] [Pa.m/s] [mbar.L/s] [sccm] [Torr.L/s] =c|™ o|O| H| 1
1 1.01E-01 1.01 60 7.6E-01 [cc]
5.56E-04 5.63E-05  5.63E-04  3.33E-02 4.2E-04 48.005IZ &2 O7|Y 7|& =4 7ta%
1.50E-05 1.52E-06  1.52E-05  9.00E-04 1.1E-05 13052 7[R 7|& &4 7tAg
1.32E-10 1.34E-11 1.34E-10  7.92E-09 1.0E-10 0.96230F 7t CH7| Y 7|& +H TtAE
2.00E-07  2.03E-08  2.03E-07  1.20E-05 1.5E-07 631197 OH7| 7|& =4 712 G-MY-E 7| Expander =AY
2.00E-06 2.03E-07  2.03E-06  1.20E-04 1.5E-06 51817t L7 7|& &4 7IA% +d-G-MHAE 7| Expander +HEFE
1.00E-09 1.01E-10  1.01E-09  6.00E-08 7.6E-10 3.15100E ¢t Ci7| 7|1& &4 7tAaF Bz HiC| 78 (Ebara, Pump Body)
2.00E-09  2.03E-10  2.03E-09  1.20E-07 1.5E-09 6.31100E 7t CHZ QY 7| & =& 712" HI HiC| 117(Genesis, Pump Body)
5.00E-10 5.07E-11  5.07E-10  3.00E-08 3.8E-10 1.58100H 7t CH7 | 7|&E +4 712 UHV BZ 73
1.00E-09 1.01E-10  1.01E-09  6.00E-08 7.6E-10 3.15100 7t CH7| & 7| & =4 7tAT HY B 478
2.00E-08 2.03E-09  2.03E-08  1.20E-06 1.5E-08 0.631E7tCH7|Y 7|&E &4 712 STS EHEZE 2k q=2.0XE(-8) [mbar.L/s.cm?]
1.00E-07 1.01E-08  1.01E-07  6.00E-06 7.6E-08 315132t OV 7|&E =4 JIA X A BHYEZE q=1.0XE(-7) [mbar.L/s.cm?]
1.00E-04 1.01E-05  1.01E-04  6.00E-03 7.6E-05 3153.601 37t CH7| QY 7| & S+ tAE
1.00E-05 1.01E-06  1.01E-05  6.00E-04 7.6E-06 31536 1E7F CH7| Y 7|&E SHAH
1.00E-06 1.01E-07  1.01E-06  6.00E-05 7.6E-07 31.541E8 7 Q7|2 7|& SH7IA
1.00E-07 1.01E-08  1.01E-07  6.00E-06 7.6E-08 3.15138 7t CH7|®F 7| & =271
1.00E-08 1.01E-09  1.01E-08  6.00E-07 7.6E-09 3.1510E 7t CH7|® 7| & +=27IA™
1.00E-09 1.01E-10  1.01E-09  6.00E-08 7.6E-10 3.15100 7t C7|& 7|& +27IA
1.00E-10 1.01E-11 1.01E-10  6.00E-09 7.6E-11 3.151000 7t CH7| & 7| & +=H7tA

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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Hi 7| (HESR, pumping): 251517 ¢l T370'E

HENM7|: 22 HM ZMA ‘atari breakout’

L L R mo @ | Reumtoimagesescn 321

ACE SYSTEMS (Ace Cryo-Engineering Systems)

'\/

WE: F=77/(H[<~)

(EL 20| BEISE 452 WX/X Lo

bar= 2% E. bar = pump)

https.//www.acesystems.co.kr
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Table 3. CHZ|2| =4 H& & (Dry Air)

PERCENT BY PARTIAL PRESSURE

GAS SYMBOL  VOLUME TORR PASCAL
Nitrogen N, /8 593 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 x10° 8.7x103
Water H,O Variable 5 to 50 665 to 6650

o Oo— =

Ztoj Al ZZI2 XIZMHZI 1 Z}1ESH AL XIZEHITE Egf oF
o A2 LH 77}

£
{'l
r.
N
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Table 4. HCHE CH7|=F' 822 Hel

Pressure(Torr) Major Gas Load “

Atm.
10(-3)
10(-6)
10(-9)

10(-10)

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

CO, N2, H2

CO, H2

10(-11)

g

ACE SYSTEMS (Ace Cryo-Engineering Systems)

H2 (3x10° molecules/cm?3)

2 mE~ g I8!

= ATE, TATEFS &9
FlHAIE T+28)7/7f 7IE S8 2F
28 FA0 v H7/SEE
FO[of g XaXIE FE=7/o
Tadf TLH7/0f &8 35/0/
LEZE A&of= 0/72.

https.//www.acesystems.co.kr
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Fig. 2 Actual Pump Down Curve

Pressure
Log Pressure limits in vacuum systems (Lorr)
103
A 4] 41 411 B A1 2 11 10 Volume ~ exp(-t)
-At = 10-
\e =3 volume gas pumping 10~ | )
7t 103 | " Outgassing ~ t!
S E s EE I EE I E N EEEEE NN EEE NI NI EEE NN EEEEE NN EEEEEE RN 10-5’ «.._j )
E E 10-7 e ) Diffusion — t12
'9: : : 10 E Permeation
< : 10-11
L E 1013
o . ,
3 : o
. 10110° 105 107 10° 10110131015 1017
9 : ll&llllrgﬂ - .
o — Time (s)
—S .t O Q O
P =P, exp —T;ﬂ +§O +S‘Dr +§K
102 100 10° 10' 10° 10° 10° 10° 10° . @ o @
] ) & 1stterm —— time dependence of pressure that is due to the gas in the
Pumping Time t [h] chamber volume (exp(-At))

Log & 2nd term —— pressure due to outgassing (~ t71)
& 3rd term —— pressure due to diffusion (~ t~2and later exp(-Bt))
& 4th term —— pressure due to permeation (constant)

XZEX: S.R. In, KAERI

EX: QIEYIXIZ, Dr. Philip D. Rack / H|=8 X} &: Vacuum Physics and

. . Techni , T. A. Delch
ACE SYSTEMS (Ace Cryo-Engineering Systems) https://www.acesystgfnglgc‘ﬁ(sr elchar 49



Table 5. | 2 7H=FXQl 1A|ZF EHEMSEF

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

Material K, (mbarl s ecm”)
Aluminium (fresh) 9% 10°
Aluminium (20 h at 100 °C) 5x10™
Stainless steel (304) 2% 10°
Stainless steel (304, electropolished) 6x10°
Stainless steel (304, mechanically polished) 2% 10°
Stainless steel (304, electropolished. 30 h at 250 °C) 4x10™"
Perbunan 5x10°
Pyrex 1x10°
Teflon 8% 10°
Viton A (fresh) 2% 10°

XZEX: INTRODUCTION TO THE PRINCIPLES OF VACUUM PHYSICS, Niels Marquardt
Q &F HH 22 F0[5if STS & 0/ X0 F=7f?
& 7| 7| HYE=E: A20lE > AHQAYAZ

o HIOIY = J[HYEE: L2015 < 2H QA 2Z
(LR0|E0 £ S XHH0] AE|QIYAZ0| HRHLHEHS)
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X|Z(finger print)0| TS0 O|X|=

of

)

o B LSBT0 K X2 B NQEE 17 AX)=
H| O & (baking)St7| T &E{O| A HHE = (outgassing) T K|
L2 2 1x10°5 [Torr L/s]OICE Q

(1.33x10> mbar L/s, if FP_area = 1 cm?)

Oteh &2 40| Aot 5= 7| #lofl 2% Ts 8=

O| Hi7| = = (pumping speed)= 021772
or2i p CECEC R
Tor
5x10-3 0.002 0.12 0.0072
5x104 0.02 1.2 0.072
5x10-5 0.2 12.0 0.72
5x10-6 2.0 120 7.2
5x10-7 20.0 1,200 72
5x10-8 200.0 12,000 720
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Log

GVT Pump dEE st 7| A[ZE vs. TS 3}
L N o g 6vr 0| 55 4
(Organic: 500mm EHZ= 1C{ (52 H) vs 300mm HZ= 2CH(FH)) <A 2016. 7. 21.

1.0E-02

gy y L
SHUZ

T 1.2X10(-7) mbar
(9.0X10(-8) Torr)

—a—Hli 7| A[ZH(1)
—=—Hji 7| A[ZH(2)

1.0E-03 / — —_—
- UL E R O E(2.0)
- HIZ]A|ZH(1): 500mm H= 1S AlSS 42
- BjZ|AlZH2): 300mm EHE 201E ASS He
1.0E-04 S| - R BT 0X10(-8) [mbar Lfs cm?2]
LxWxH
o 1700x2024x713[mm] (21
o SEXNZENE| SLAZE
£ 1.0E-05 .
[t E (1) about 440[min]
ull C (2) about 585[min]
Ho i
3
1.0E-06 =
- =83 I——
- — ] — __=—'————.— S S
1.0E-07 & : i —i:|=.+ —— —
a I I —
L 1 1
L I I
I
1.0E-08 — _ :':':w:':'v:':':':':

ACE SYSTEMS (Ace Cryo-Engineering Systems)

120 180 240

300 360 420 480 540 600 660 720 780 840
Hi 7] A Zkmin]
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EX: http://www.kvs.or.kr/file/story/2015_09_07.pdf

"
SE718o e} o2l Jal

_T'_ S0l X|=0|E|(GVT)
0 =3210|2 T 0jof7|

Vacuum Magazine olE%

Hyunmin GVT's Cryopump Story
Lee Dong Ju

Cryapump(cryogenic pumpl, with integrating cryagenic skills
nto wacuum technelogy, 's the mest pepular high vacuum pume
system, wihich s widely used at the commencial vacuum indusiries
with TMP. Hyunmin GV, Inc. is the damestic unique professional
manufacturer of the cryopuM Systems. Abaut ten years aga, while
GVT succeeded in domestically producing cryepum systens, this
high technology intiates from US became localizad completely. But
the process of the home production was not easy. It was possible
through many trials and errars 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. Especially, these days GVT is conducting researches ane
developments regarding low vibration crycpump and large-sized

CWPs antt Cryo-TMFs,
1. Zepole BE
Ggiole Yab AL Wl AXEel §3 EE & (o 1) Tesncue o ewmurpasters

AHH= WAE CJ§H DUF WIEW, TE ShAF
ol sl we ZlGmst ede) gl ARY VLY
& AFshe Aol BAelth 1930dd) ol AlLE £ Memabon 25 SAHL YE7I7) MYl Qe
719] 2etole WAL F2 oF ik A A7 ¥ otk 23] SAL el HI(2)S AE8M D
2 MYl E Abgelol vjzIshs WAeRlT WY, W 2 WEES v Hes
Aol Fetele Yoy 1960Wd] < HLE Gilford=

27 Fa) deel sigelx @ ¥ AL & St
441 ol) 491 g clge chEThl WAl e o
& thRE Zold ¢ WU 42ARY Holtk. 34
£ 0 G=MAAE $F710) W claivh WAz 2
of Y&t o2& wol7] $ishA ol A¥ At F R34
FES W] ARED, WEelele glou] wse 4
e Pk o 2 e 2 el A eith AT &
B2 glo0 ot He AU %R 2Y WFY A7
Btk $7€ A% o 2 el voly £ wol
o Washeoh Fuely 5ol AT sl ekn
olEE QAF A% WEH F WS ofcloly 28 &
e WM el ZABAS e vRa 2H Ne
7ol £ A U} e Aol shdeh 2 zbAA
23 PotoAly. 2 ¥£ ©F ohd UAjeleFUY o
eubabc), A Q4 AR KSTAR B8 n2
Arg usty daded oelusiol 4y A4F of
#o)(charcoal array)$ A2t R WS 3w Q
Sk, o] $529 2HEL XD A0 T 2 % A7)
olfe] W AYS +9E + AL WP AA 42 4
UAA el glgtot £BS B2 43 Hoted 3
olsich, WAl wl A 2|9 sh2e] 2 Aulas AFs
7% 8k 2 k2 AFAlaRRE Fu . o
F 228 woul Aol B2 V1Y olulg TR W
 Fae} VAT 2w vkl e Yelolete A
2 oA sg,

ol DAL U AoIUE B AFE WSl
ARSI § 228K AHA7E Usk. (AT st @
4% olgche oo S sheM A2 B sty A

/fﬁ‘i L O T
W 2Y BOSE o] AE U VolEelAl Rake A B
Beh) A, e 23t AR AERAFAG
=)ol YRT AT WEF F Pslol Hguor vl .
A, §0 ATL RUrhd & Hirlo) AAL Mol i g
w AYHE F ool e A DAL BRI W
Y199 gt w2 o, 3, Y 20 AFEE welg

(xixE )

2 g Inme SHE A 5 crer o1
(abea@ovir)

s GnEzITe
e, The Karean Vemum
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mawamnmd ATh) AR, SEls AP ARk AR A
el Bast AF HEZE F 2Este] A EsfjoF T,
A, T2 A5E ddrhd = =7l A173S Mof ot
AL FUAAEHE F wElsfof stk AR adlEe 2ok
71 1T Fee g glo &, & 269 AFEE =0l
7] fisliM = HEZE 108 o gol A&steA], Be 21
FHIE 108 ZAZSAl SF=AlL ofy W Fak 3] =
2 wj7bx] 108e] AlZHE © 7|tk 40 Hkel gl
2= 2(log)et MafAopgt ghrh, Z12|aL ofefjof &
Nob= F 79 22 & 7]ogior ol

H@71ge) ixio} ofzf J)

SRR

5
2 ot 0
L 2
S v i
i

e’ _a” I %

we' (T

e’

E T T RTU PT

Pressure [mbar]
i 3] Vacusm pumps cperating region related with Q, P, and s,

Fig. ¢] Typical pump down curve
2. AE9E. Yol UL U1 Bsich

2003 6YYE MEA A Aol AR
sk Salck Asels A2 2& A7le] R §

RE3 WA TUA AANE odelun. NAFE ¢
Sa2) e A olvl wldel st A Aeigln o

o ol WIWZOIeE. ol AN 713 WA

A% RE A
Aud A% 4

Tolck 2% &
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oy |
o

9| 7|=X| 40| F2% o7

{i{[g‘;[{mmﬂﬂliimnm

1
i

+
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Chamber

ACE SYSTEMS (Ace Cryo-Engineering Systems)

&9 7|=X|40] L% O|F

Chamber

https.//www.acesystems.co.kr
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{88
ZIZHY7|9h HHEA

=F
y;-/;/,tf’_ Chamber Chamber Chamber
bt -
Avs C?!
1vs2?l
1vs37?l
Avs1?

Chamber Chamber Chamber

Avs2? B
Cvs2??

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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<A
HSH|7|e dHEL

fIgEA Chamber Chamber Chamber
A&t .
o
D3
C = 12 77
D2 2D2 D2/2

Avs2? Chamber Chamber Chamber
Cvs2?

D?/8 D?/4

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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S

AHE

Chamber

C.
¢

1 1

1

—_ =4 —

C

ACE SYSTEMS (Ace Cryo-Engineering Systems)

C,

https.//www.acesystems.co.kr

Chamber

C = C1+C2
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B HEHEAC): 2|4 S&2| 8oHE L|-E|-LH'— HE
(=82 37, 2 8’0// [[/E-’/ g8 E)

cf. geometric conductance vs transmission conductance

P, Py
Rt o ]
Q o« (P4-P,) s ZTte| L=xtof |

Q = C (P,-P,) [L/s]
L waga

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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LB AL H2|8| 22| FAMS
R

Current Flow

V
| = (1/R) V —AWN—.,

Mass Flow
Q=C AP

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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Chamber Q: ol x4 Q =CAP VS. Q=SP

& 7, Throughput, Q[Torr L/s]= A(PV)/At
~0| 1 X| S E[W]

C(p)- & Hi7|3 £, Pumping Speed, S[L/s]= AV/At

~CHEg ENshs ROEE

& TEE A Conductance, C[L/s]= AV/ALt
~JERAM(EEHE Siiol= RIS

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



P= an/ Seff << Qin =P Seff

- Q,, : known ?

ng + Qog + QIeak

- S : known ?

- X7 HE|(MFP)
51073
P
- CHEXISEd Al ZH(monolayer time)
2.4%x107°

m = 5 (s)

(cm)

ACE SYSTEMS (Ace Cryo-Engineering Systems)

AT A

=
—

ol

ol 9 517}

Vacuum
Chamber

P (?)

d=®10 cm
E'T'.;" C L=20 cm
B2 g

S

TMP HiZ|5 &K S(or S,)
= 300 [L/s]

https.//www.acesystems.co.kr



-1l B -

=
ﬂ

et =il

)

7|5 He
4. B 7| M| 2+ A Lh A =E 0} of

=
| N

(=0 o

63
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S &2 7+ (Flow Regime)

Knudsen Number, K,=A/d

A ‘gﬂ'xl'wy'lal
d: |G X|&

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

2. Transient Flow(X 0| &)
0.01< K, < 1

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

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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SE9 S (Flow Regime)'s HEEA

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

< L > Transitional flow g Diameter (mm)
\ \ 250 150 100 70 40
* 10,000 ST — = -
LY Ll 7 7 25
P, D| P, — = A=
“THI | LA / P
1,000 7 7 = 16
Conductance in viscous regime _ Rl it R i B i B
= 1 3 = = =
C 137 D4 (Pl + PZ) % 3 i d ~ . /,
= c \] Ps L/ d )
L 2 g 100 = \ : LA ¢
o 7
Where: P, = Pressure on one side of the vacuum line(in mbar) S o L:a" ! & ﬁ »
P, = Pressure on the other side of the vacuum line(in mbar) o 1, d V4
D = Internal diameter of the vacuum line(in cm) g e = .
L = Length of the vacuum line(in cm) © A\ et |
5 \ \
= 0.1 - -
£ . A
e ° o | |
Conductance in molecular regime © /' i
A \
01 \
D3 10 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)

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr




-
-

<E@9| 270 YAStE £}
(22 &, Y)oto] 250 7/0jzt>

& OfH =3k L{Of O|0] SO{2 YAS2 kS CHA| B LEZ 774X EI‘.;F oM =
=S =ISO[Ihr £ Bt HolM 5= it T8E sL A 28E #2 AKX
S| =2k orof AL DO =2k 510 = YAt =2 Y70 SO 7| FIHK| =
e '—HOHHQI §201| 9 7|04C£ 7 BCH O] AL B2 22 0|27 2[5 =
g+E X=X 9|01| EPE t'“d*ol f [EfEW L I deEx cS -_rL°* M, g+ =5 2

_Hg
9
—|_I
2
-|o
|-n
rk
r8
10
™
JE'.
r...

A C o xeh(Etdhe 2 EE A

& T20MC SEZ YT0 YAE EAHE T e EME Qs ot eS| E 2ot
M Ol HIE0HE B2 S0Het 5t &l AHN M = 5= ULt ojuf =] §a}
(transmission probability) a= CtS 1t 20| Ho|stCt

C=a CO

1 C
“=1+22

K
~

X A3 DB SSHEIYAUE)
48], A4 o 3K
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=

-

—te
| S

£ HEILEZ 5o HAO B2 gt
BEE &0 S0/US)0l= o280

9_"..‘.-'_

=

B EETTI-TEN,

a8

§AS0| Y-S HOrM YASHE H&
0,=,er| TELI 2 5 28 220 8
ko] 7 Ct.

r|r

o
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eHES 0|8¢ UHEL (AT, 1TUI)

A OI.F WI'I

vV, o:. —:E
12 | Farger
M: HxIlF_'I'

- =36.3784 (—
(MKS TH9I2 11

-1 ©

o : Transmission Probability
Clausing Coefficient or Berman...
(B3 at= C,9 C,9 B+2. C,.= B2 £3/7 £& AL A
£ 7aes Sat Mz yas B 2450 LT UL,

~

20°C 37| (air) [em]
Ol CHS HEEHA

C=171.6aA [l/s]

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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Table 6. 2X}&

L/r L/D
0 0
0.01 0.005
0.02 0.01
0.03 0.015
0.04 0.02
0.05 0.025
0.06 0.03
0.07 0.035
0.08 0.04
0.09 0.045
0.1 0.05
0.2 0.1
0.3 0.15
0.4 0.2
0.5 0.25
0.6 0.3
0.7 0.35
0.8 0.4
0.9 0.45

Clausing Berman

1

0.99503
0.99011
0.98524
0.98042
0.97565
0.97093
0.96626
0.96164
0.95707
0.95254
0.90967
0.87073
0.83521
0.80268
0.77275
0.74513
0.71956
0.69581

ACE SYSTEMS (Ace Cryo-Engineering Systems)

#DIV/0!
0.99502
0.99010
0.98522
0.98039
0.97561
0.97088
0.96619
0.96155
0.95695
0.95240
0.90922
0.86993
0.83408
0.80127
0.77115
0.74341
0.71779
0.69404

90
100
1000

(o]

L/D
0.5
0.8
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
10
15
20
25
30
35
40
45
50
500

(0]

https.//www.acesystems.co.kr

Clausing Berman

0.67368
0.56728
0.51429
0.41885
0.35484
0.30868
0.27368
0.24615
0.22388
0.20546
0.18994
0.10931
0.07716
0.05972
0.04874
0.04118
0.03566
0.03144
0.02812
0.02543
0.00265
8L/3a

0.67198
0.56651

0.51423
0.42006
0.35658
0.31053
0.27546
0.24776
0.22530
0.20669
0.19099
0.10938
0.07699
0.05949
0.04851

0.04097
0.03546
0.03127
0.02796
0.02529
0.00265
8L/3a
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NS A A HEE AR REH|7|SE
— - 1 1 1 1
FASSE: REH7|5E Seff — ==+ (_ —
S C S C
Chamber eff 0

20°C 27|(air) [cm] g7 i a4
o] Cljer HEE A

d=®10 cm

C = 11.6aA [|/s]

C=11.6(0.35658)(1t5?)

=325 [L/s]
TMP Bi7| & E S(or S,) Co=11.6(m52)=911 [L/s]
= 300 [L/s] Ser=188 [L/s]

X Note: REH|Z|5E S, 5 2/0fof Hujof tf3t XIF34-F=
I K=]

Lh2 Algeojs +8 & + A&
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Molflow(+) 2.7.10. 28t |4t

#2 Facet- Sticking Factor=1.0
(Pumping Speed=923.6L/s)

Chamber ____item | Value | Remark

#1 Facet Gas Type 28 N2
Trans. Prob.(a) 0.3565 =Berman
d=®10 cm Co 920.305  [L/s]
L=20 cm C 328.088  [L/s]
e AgEH
#2 Facet- Pumping Speed=300 L/s
(Sticking Factor=0.324818)
| mm
TMP BiZ|& £ S(or S,) #2 Facet Cashlys
= 300 [L/s] Pumping. Prob.(b) 0.204611
Co 920.322 [L/s]
Seft 188.308 [L/s]

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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VacTran(3.47)2

Q VacTran

-~ e -

%

=}
=

File Edit Model Defaults Graphs Tocls Window Help

D ] - "/\ N

2
=

D~
ot

Ak

b

A

= | X wEmEE R o
- - AQEP GRS O+ ETOM e

Chamber

TMP B 7| &£ & S(or S,)
= 300 [L/s]

User data Combinations

Slggis D

"= | @] & Main Graph Window ?]
| = | | [XZn]  Yiin | X grid off Y grid off| Labels | Max | Export |
Mean tred Cter |
Cones EC
: H— Data Entry Use Library Use Recent Entry Entrance Detaill Summary
Combination: 4.9827E-111.23
J = 102 LLneE-1ls &6 L
23 - = . . .
. Length Inside Diameter Quantity
&% Series Conductance Model: Untitled o @ =] [20.0 | [10.0 | ll l
Conductances in Seres  Model data
[ Exit loss
0 Senes conductances: ? Help Cm s Cm - M Entrance loss
Delete
Dolots al End effects
Edit
Enitry from larger diameter or Exits to & much larger
M randomizing conductance diameter conductance
Conductance Volume: 0 Liters Muiltiply by: |1 ]: Ir'
Yolume multiphed by 1 =0 Liters
& Conductance palette o] © e
Apertures Cones Fipes .
GE &l D@0 Db Cgrnbmed alpha = 0.354838710
; 0.0

=N

[~ Mave with madel

ACE SYSTEMS (Ace Cryo-Engineering Systems)

https.//www.acesystems.co.kr

- E[' in Format:
( ﬂ)ancel 7 Help
Molecular Flow Conductance=

3.113677079E+02 [L/s]

® Decimal () Scientific
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S.i/S, -vs. C/S,

Chamber

0.8
—Seff/So vs C/S0 /
0.6

Z /

/ \4 v

0 1 e
1.0E-03 1.0E-02 1.0E-01 ;;::0 1.0E+01 1.0E+02 1.0E+03
i S8 &Ef H[E2! 1 1 1
S.; €S,
72
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1)

2)

s Huo| TS MHE Al
Z C 2h(loadlock) & H

I 2 M2 (process) "H

E i AT(transfer) MH (M 22t 2R A|)

I

E 7E0o0 4ET.

2t 2H(loadlock) X H

ECE MHOM ZsHEZo| get2 O 7| ¥ (1atm)F & O]
2| MoliZl £ 2= (target pressure)7HX| Fok A[ZF LYOf
TESIES St A.

T2 M2 (process) MH ~
S8 HHO A TE BEo| g2 Foljtl 78
e £ M £ YHEISE)E AEHLE X

https.//www.acesystems.co.kr

<Cluster Chamber Example>
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2o Mg Y miato|g

<Slow Pumping®| 0f| >
P5000 Loadlock chamber

@ Convectron gauge :
1 atm ~ 1 mTorr

o HH A

- H|&Oo| HX|H Hi7| A|ZO| ZOJAEl RIE Wmy} Hh= K7| HSIE
7{ Al S A
] ) ® Needle vialve :
/® control the vent speed
AHH LHE oA T e, e
Q H-I H -I- ji = T "‘l’, /Q\L Pressure Srzl\llzfn\t/:gl\?e'rpressure during a vent
CHOF LIS A = rol CHS Py 7 —
- CEYEO| 22 8 52. &4 0.5Torr(66Pa) O|SH7HA| =5} OF X774 R e i
S 7Ho = D ; \@contamination during the pumpdown.
= o _I_ 38. S ; ® Normal roughing port :
*" H =< (=] E Il‘ O O From 20 Torr to 10-2 Torr
Q = H-I LH T ?-_I_ E ( EI‘ — o xl ) mT - @ Diffuser : Contains a fine mesh screen to
diffuse the N t fl d red N
- 248 282 T V|7, FXE HH F017| it 25 5 BRWES ;- i

o HH MEHEHYE, outgassing HH)
- STS, Al 5 =2 50| = =5 38,
& Z0{2}9(foreline) AMY
ME, 218, 20|, HE =
& X =H| 7| (slow pumping, soft start)
- MHZH|7| 2telol A E, 20|, MHHZ| AlZE MEH17| Al S 7

EoE MY el =5 5= 3 THE|E 28 =2A

XEN:
https://m blog.naver.com/lee_jinhwan/50174066574
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al ii A\ XH olad 17
SH(ZEZNL)EHE Y ni2to|E
Q EO-I EI-?_l(foreIine) AI-OI: E.xposure.A Purge ExposureB. Purge
- YR R Z0| HHE £ HZO|EIQ EY AR 22 oM eeeeeees] (20000 0] [S0005555
A ZH™IIA ZSE 9 A8 SO [06000000| |00000000]| 00000000
- 38 A"0| g HHACl BR, 7IATE 7t HO| AFESHALL Tt An idealized view of the atomic |
II- |_|.o OI-E:|O o X|sHOoE 3k ﬁE'” M @3st= JIASE |:|| =g <ANn Idealized view O € atomic layer
== A0 l-'_ S0lM BTokE 7t X SR deposition (ALD) process cycle.>
- Hy He 5 7HHE 7120 A8 97 2 A8 Y
- %Xl-é-l-jl -Iol-l_ _IO_XO-IOI-E:| = 900 — X
& AIO|22! Hj7| = IX| S8 € 500 | — os-ewovsmn / = A ||
- ALD 3ENE gtEX QI di7| npFoj me £} = P
O 600 LGB-70DV,50Hz
¢ At 32 d UL FEE AL £ oo i Al
- E—El I—'I 7|- -IEI— Dxl Al‘-CQ)-E-OI: E 400 ! Jeve%m;tdﬂacm/umr, 0180 Lid
e U 1 |
- 22l Al %XI*HOF St ot E: SA ARIBC S| AROIAM Y F Wiz |
Ho| O We Zerr 92 80 | 1//;; | |
iod A
& TZ TAE{(coater)/ C|'¥2{1{(developer) ; V) Zal
- |--9-E| - PRZE'IT e EEEI: e - - 1 i&E:.(J)ijJlnIetP1r(<):;sure(To:r()Joo
& TIZZH| 71 AX|/7ISE X|Ho| HI| A €3 I‘-f—) ] https://kr.made-in-china.com
- 50Hz EE= 60HzO| 2} TSEHE d50 XHof &

(2IH{E| ALE Al 4522 7ts) ~ _
<AJ2 XZ H= M53M, 50Hz vs 60Hz>
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3) 2E2 MHOIME 7| 2E SEAINK Ests
278 2IXt0|Ct
X (4 Z2 D W 2o M
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S HO 8 WP E sle MEH 0 22

Duct
* HH2F0| 9l= A=
H = l i =T Chamber volume V
Process pressure P
S s Qin T Qm
0= —
PO P Process gas

Vacuum valves
(APC isolation)

Y Qin
Seﬁ :?

of 1 _ 1 n 1
S, £ 8

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

Q(2) IS A|AEO0f 100 sccm8| 7IAE AIESIHA TS EE 75 mTorrg X5t X}

g o, 2 X 7|52 Lorelole (B, g2 gictn 7Pdstat

I

S, = On E olgstH O, =100scem(=1.25Torrl/ sec)

£
Q = Pyx$,
0.75Torrl >
100scem x orrl/sec =7.5x10 "TorrxS(l/sec)
60sccm

.8 =16.671/sec =1000//min = 60m’ / hr

X Note: 2&F EF2l(sccm, slm, slom)OA] s= ‘standard” & EZZ71(0°C, 17/2H= 9/0/&}

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



Ads=A (3)

Q@) O ZHS TsHs ME0|M 1.0 mbare] YS SX|347] I3l 150 m/hro]
Hi7|4 7} RStk Q2{L} Mol BEE 6m BO{Tl #2|oj AX|E|o{of Stc}. ofuy
MHQL HI 2 o173 X A2 A0i7t £0{0f st (T HI|AILLE 50H2)

(Z0]) B E1M175 222 Tmbar0 Al 135m3/hr(50Hz)2| Hi7|& =& ZHZICEH WMEfA] MHef Hx

£ d4ot= HiBto Al &4 2 I 2otXA| YL et O 378 20|l = HMetotX| Lt
E1M275= 1mbar®lA 230m3/hr(50Hz) 2| Hi7| &£ =& JtZICEH [M2fA O] H=ZE ®MH| Ao

2ottt Y EA, C= CEd €2 s 7t

N

EZHOYA] S, =150 L1, 1 1 _ 1 N 1
o/ofot st 150m° /e C - 230m° | hr s C s,

C=431m’ | hr
HY2H0|| CHSE ZAEIEHAO|EE, 1m Hi| 20| CisfA{= 6HiQ] AE H

2 6m
A XS 7HHOF L =, 431m3/hr x 6m = 2586m3/hr.
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AS=H 3)-AI=%
Hz

E1TM175 50
150 | 4t 2El3] Hmo| M5 A
i =58 (@Ho) W2 B7| S E)
< 125 | &
"E 100
- 2
g 75 .
& I / E1M275 50Hz
0 250 e —
i T e
25 —; 1 s~
200 &
0 =
107 10° 100 E 150/
Pressure (mbar) il ffr
iy iR ¢
[el Jr."
2 100 s
50 -{¢
YETHMIISE)S 2 Brr
. 0
(7|5 E= &+7F ofL/Ch) 10 100 10 102

Pressure (mbar)
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A== 3)-8

@ mm
. 250 150 100 ?0 40
<Conductance of 1 m of round pipe, for 10" Er T
3 E / / .
alr at 20 °C> i ————————— % ———————— 7-/—-"--/--(---}7\/ Jf/ E 20
(the data shown in the dotted portions of the S — R 7
o . . . = ¥ 4 4 16
curves is for low velocity, viscous, laminar F RaRe Ryt 4
. . 1 7 Ve ]
B 7 7
flow in long pipes) 7 | ,// S E
10 E 3 +—]
XE FEE A T = g ~ 4 721 7 3
= AEEA dfZ0M 1mbar®lA 2586m3/hro| U i " P A B AR
" N : / /7 4 i
AYEHAZ QK& 4 Qe B 1 HZHO| 70mm g . e Wl Yl
_ - 3 I 4 /' / 3 5 Y
. M2t Mot HEE HAASH= 2ol 2 E 2 % g i / R e 7
. o S R V4 4 -
& 70mm O O[O0 of. CFAi3] O g2 EIM275 2 5 o0 [ /// s ]
i : / -
do| g KPS Ysirt S L :
ol / i
10 g 3
= 20| £8 Y= FYF FY0/P4 2 : | pressure ]
= ___./ PELl T ]
ﬁgEfé]f 7O-J%’ 57/ WEW/ g’g'#O/ ;Eg Wq/ 10_4 l L1111l L1 1 111l ..II L1 111l | | I.:M'II :o‘l.- L1 LIl | L1 11110 {
10" 10> 1077 107" %10% 10" 10 © mbar
L =L O
H/ol ﬁgifé ggﬁs gﬂ/ g"_hc/. | | 1 IIIIII| L1 IIIIII| 1 | IIIIII| | | IIIIII| | L IIIIII| | 1 IIIIIII
1077 10 " 10° 10" 10° 10° 10 " Pa
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Pipe Diameter
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Pumping curves for 4
types of vacuum pumps.

[cfm] pumping speed
€0
50
0] 2063
0] 2033
L
|0 201
HIHQ X
X|Z2mEizo ' . ) ; ; ,
-0 B ——I 10 2 17 1 00 102 108
fotal inlet pressure [Torr]
D~
= Hatof Rotary vane pumps
A=
H"7 I oo e {F/ ]
20000 A E
U22H
_‘,m 1P
10000
UlEd
[ |
5000 Che=
o
11l
’ 103 1072 107! 1

Pressure (Pa)

Cryopumps
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Spasd {cfm)

350 =TT T T T IO T T T w1 T T T I T YTy 7 T T 7 T
, / N

|| |

N

N

ol

|

oK

T’ w* 1w*¥ 10t

1 12 w' 1w? w' 1w? 10

Pressure

IPXS00A

Dry pump

Pumping speed versus inlet pressure
Inlet pressure (Pal)

TMPs =

ATH 2300 M
— ATH 1600 M

ATH 1300 M

ATH 400 M

255888888

- 2
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i
10 10 107 10! 10!
Inlet pressure (mbar)

tor
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Hi 7] AlZF Al (R = 4)-(1)

V d_p = Qin ol Qom

dt

. dp
rX_0 -pP
@ dt & §

(XzQin—PXSq(f

dP
@ - =
(~)in = P X Se_[f
L ax

R = w1,

X V

ACE SYSTEMS (Ace Cryo-Engineering Systems)

Scttf

B Qom — PX S‘eff

= dX =-S,, xdP )

1
”

dt

X

dt :>d—X=_S‘3["

dt

I

https.//www.acesystems.co.kr

7| M| T EREE A
PV=NkT (Unit: J, 0l X])
TS W HAH ve 17

2

M L2l @r2io| Alztof et vt

b V-dP/dto] 22X |0]: Jjs = W, oK &
>

Q= 2hH=P-S2| =2/ 2[0]: N/m2-m3/s = J/s...
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®

ACE SYSTEMS (Ace Cryo-Engineering Systems)

Hi 2| AlZH Al AR = 4)-(2)

S, S,
InX =———t+const= X = Aexp| ———1 X=0, -PxS;
V’ 7 ]
t=02 (,A=Q,,— P, S8 22 £ P= AlZH0 et TSt &£=2
2 AHA S =0

P(z‘) = Qi + [PO _ Y ]exp[—ﬁfj
Seff Seff V
P
0

ob2d p Ol Al AlZF tLHOIl 2422 POFA| BHDISH=Tl Z2l= Al2tS O S
&0 = £ QL
/ rpo_&\ )
=S| l[f;jj] B =2
eff P—T—"'” eff Bt &
\ L O ) Y,

https.//www.acesystems.co.kr
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Hi 2] AlZE AR E4)-(3)

Ol &0l M Q= 0, = chamberlf| F& &= JtA I 811 outgassing,
leakageJt S0t JFESHH P, = Q. /S« O%QE

=
S t=——In
S P
Inx=23logx T LZ

=2, ?IIOQ(P }
S, P

Therefore, the solutions derived are valid for all pressures from UHV to above

atmospheric pressure as long as the conditions of constant gas temperature, constant
flow, and constant pumping speed are fulfilled.

xo| Argt

« Bl S %mlé JtA 25 Bg US

« FeE= JtAE0| HE = US(leak rate, outgassing rate S) : Qin# 0, Qin =
Q(t)

C W WIO| HYD| B2S A0 et YW US.
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i 2] AlZH A

P(ZL) — San + ) — in
eff eff

Ak

b

AH®EH NHA: 200L)

V=200 .P,= 1000 mbar

—m—S= 10( /sec, Q=0.75mbar [ /
—o—S= 30( /sec.Q=0.75mbar [ /
S= 700 /sec.Q=0.75mbar [ /

sec. Q=0.75mbar [ /

—v—S=100C /
—+—S= 10 /
—+—S= 30¢ /

(# lmbar [ /sec

sec, Q= 1.00 mbar ( /
sec, Q= 1.00 mbar [ /
—x— 8= T0( /sec, Q=1.00mbar [ /

#—8=100( /sec. Q= 1.00 mbar [ /

=60 sccm)

Pressure(mbar)

ACE SYSTEMS (Ace Cryo-Engineering Systems)

— 56000 {000
X%l XX XXX
I S S S I T I
L A v b4 b r v Al ¥ =
o
L L L L L L L L L L

Pressure(mbar)

1.E+03

1.E+02

1.E+01

z
o

1.E-01

1.E-02

1.E-03

P —

0

O

Sffﬁ’

= In Time(sec)
S eff P _=in
Serﬁ'
v ——B7|4ZHa) ——H7|AI7He) 7
g\ '\\‘ Se=10L/s, Q=0.75 mbar L/s Se=30L/s, Q=0.75 mbar L/s |
3; = B 7| A1ZH3) Hi71 A 2Ha) =
i Se=70L/s, Q=0.75 mbar L/s Se=100L/s, Q=0.75 mbar L/s |
1Y N
& g =
2% e * HiZ| A1 ZH5) ¢ HiZ|AIZHs) =
:*ﬂ - Se=10L/s, Q=1.0 mbar L/s Se=30L/s, Q=1.0 mbar L/s N
||
§ 5 e B7|XZH0) - H7|A| 24 =
_*' + Se=70L/s, Q=1.0 mbar L/s Se=100L/s, Q=1.0 mbar L/s E
ISERY =
3
0 100 200 300 400 500 600
Time(sec)
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A== 4)

Q(4) Mt HZ0| 200 L, &7|] &€& Po= 1000 mbar, &3 S2F Qin = 45 sccmO| L}
HIo| RRHIZ|SE Ser?t 282F 10 L/s, 30 L/s, 50 L/s2tH, MH Q| 0| 10X, 50,
100, 150, 200X, 250%, 300 = =0 €Ozt € X HIHOMIE.

Pt) = =2 < {P _ L ]exp[—%z‘}

Seff Seff
VIL] 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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- IV & -

Hi 7] Al ZF A LH(Ol)

1. HYZ|A[ZF A4
- off M ALk
- Vactran E2 1 Z 223 A4l

ACE SYSTEMS (Ace Cryo-Engineering Systems)

[ -

5
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off

M
a2

Y|
=

H}
=)

EH
— |

Vacuum
Chamber

:I'I'T'_"I=l—|

[Torr]

[

\_

V=800 [L]

(=273

Vool Lo
Sy \P

IV

760—100
100—10
10—1
1—-0.1

S=constant
=500L/s

S=S(P) &

S=S(P) Ed 2t

S=S(P) Ed &t

_ch_gl =3 S=Seff

ACE SYSTEMS (Ace Cryo-Engineering Systems)

£2
olo

30 §Q

oo olo

, C=constant
=400L/s

, C=C(P)
D.=4cm, L=100cm

I:IIO

ol
AN
I
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? [s]

? [s]

? [s]
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d

7|AE A2 71

Te_= X

| 835t HXo| gooLel 2
CHZ1F 5B 0.1 Torr7HX| B 7|St=0| Z2|=

rr
rA
Ok

E!

dej=et #2 H

(4
o

|l

N
E 30 ru
i)

1
1}

ne mu o UK

0

ro K=

N rA

= oH
ok
| El
i
o
rO
In

=
3
rlo

Ol HE= el =2 30| 2™ HAL|0f 1, A
HO|E Qlofl HiZ7|SEE Y= 7H0f #AR10] |CH

=
HY 7| % = (500L/s) 2 L™ SICt 71452t

-

= rn
[e)
I

v (P
b =23 log(—OJ
5, P
_23 %10 [76(%” )_14.35
500L / 0.1Torr

---------

---------
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S S S

180L/s |

480L/s

400L/s |

460Lss |

87| HH, v = 800[L]

1 10

&3 [Torr]

100

760
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= & sl 3t AHO
2. H{Z| A ZF A 4-QF=H 0 S vl 7|55 (S) HelE et 3%
A QEZ 7o} ZHo| AN Hi7|SE ZME o | 7b: s=5(P), 77HE HRZ
off met Ch=C) Mtk o Wast e 7| o] o
HS e L5 1 Zf 7HE *éiﬂ 7| S & X soosl
%ﬂE Zi0| HC} g2|Ho|Ct MHE CH7|YFH 0.1 T aB0Ls Do
Torr7IHX| HiZ|St=0| Z2l= AlZS CHA] A 45HA 2.
o 0| BEE =2 glo| Mejoh KW AZsO ek [
T¥etat.
7| | | _
&
800L [760T0rr [ 871 HIH, v = 800[L]
beosios = 2.3 og ———" |=35s
10T 460L /s S\ 100Tor (/s
 800L 100Torr ) _
fogio = 2.3 Jog| =2 =385
480L /s 10T orr g
_ 01 1 10 100 760
£, =23 D0k 100( 10%017 ) ~ 4.6 &4 [Torr]
400L /s 1Torr
By = B log( O {=35+38+46+102=22.1s
- 1S0L/s -\ 0.1Torr ota

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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3. HHZIAIZE AlLh-BH7| S E(S) Hoh U HAC-YH

ol oiX| (1ol Mt HT C=400L/sE €™
HEEHAE J1X|&= &t 2 AZAEE|of QL 7}

StH, CH7| 240l M 0.1 ToretX| HY7|5H=H| A2l=
S CHA| AMSHA 2.

WX Zt FEE QBHI|SE(S,HE 1Y,

2> odohe

v

1 1 1

g o
. s
., .

.................

. 4501 /5
400L/5
. 180L/5

S, 60100y = 214.0L /s

S0y = 218.2L /s

ACE SYSTEMS (Ace Cryo-Engineering Systems)

500L/s

N

180L/s |

A S,

480L/s

400L/s |

460Lss |

871 HE, v = 800[L]

0.1

S0 =200.0L /s

S0y =124.1L/ s

https.//www.acesystems.co.kr

150
&3 [Torr]

100

760
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b (%) U FEE 13 SBH7|SES B8 7Hg: s=s(p), 22 BRL
O Hf7|A|ZHS CfA| A[LHSHH CfZaf 2Tt : + YT HHEH2(Q)
500L/s | - - - - - ,. ................... 450U
S00L 760Torr 480Lis  ; s
sy =D ‘ log(l) =7.6s . ‘
214L/s ~\ 100Torr il 400Lss |
7 '
) 53 800L 100[ 100Torr ] 5 J%'- Seft
100510 = 2- —logl ——— |=8.4 | (sl | (sl | [L/s]
218.2L/s 107017 = a0l 200 260
SO61 i [L/s] 2182 400 | 480
orr | _ ‘ 200.0 400 400
f10_>1 = 23 _’)_OOL e log( lTO;'r ) — 925 1241 E 400 180
800L 1Torr |
s :2.3—109( )514.83 ’ ’ : "
o 124.1L/s -\ 0.1Torr o ‘ ° 1o 60

&= [Torr]

t =7.6+8.4+9.2+148=40.0s

total —conl
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4. HIZ|AIZH A AU 7|4 £ (S) HSH HHBA(C=C(P)E 1Y

ol

o
7C:>I'l'

v (P 1 1 1
l= 2-38—10g P — ==+ 7b4: S=S(P) + C=C(P), &0 2|E
eff Seff C S A
500L/s -----g.--------%.-----___é_ i
S800L 760Torr : _—
11605100 = 2-3 log(ﬁ) =3.5s P
458.9'./5 IOOTOI'I’ y EH 400L/s
Lioosto = 2.3 cileic] ]OQ( b, )5 3.9s %| Bl7|& %= | Conductance | S,
= 471.2/s  \ 10Torr E Sett [L/s] [L/s] [L/s]
458.9 201,063 460
800L 10Torr [L/s] 471.2 25717 480
bosy =23 log = 5.3s
346.2L/s 1Torr 346.2 400
105.9 180
800L 1Torr
1501 = 2.3 log( s )5 17.4s ] : : >
105.6L/s 0.1Torr 0.1 10 100 760

HfZ|AIZF 7 t =30.1s

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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4. 7| AIZH H| AR B 7| S E(S) HEH HEHA(C=C(P)E DS AL

: 201 063L/s

1) D=2 L5 U « Pipe Diameter
( ) _—a 20 L. OH 250 150 100 70 f 40 25 J1TLYs
104 3 T T T T T T e T 1 IIIIII' T T T | IIIILJ’I IIIIH R .0.‘
- / 7 /7 g /7 d // l’ /7 / /2 25,
- 7 |7z s 2572 ,7 ]
<Conductance of 1 m of round 0 A .““../7 g
. . = 7 =
pipe, for air at 20 °C> : N A S A
. . p— i L / 2 5 ;L 1s , . < v
(the data shown in the dotted portions of the IC 1 7, i RaRe
curves is for low velocity, viscous, laminar flow in =, E ey VI
i : — PR A
long pipes, Edwards Product Catalogue) v n / SR A % ]
() . B / ...... '/ 7 _
o 22| ORNAA = BiBO HHHAS M g =1 .7 R
%, C=400L/s2 S9ioLt MA bjgio pimtEx  § A |
= o, ol "ihAU|/Zo/RY), JMel 5 3 - 7 ;S
Fol w2f S2fxict m2kA b 7| A Zkap Hz 7} S : Ve A
7|8 5 ol FpAZE AMB O oS SRS 0 O | e :
1124s}{ Of stC}, 107 E z E
of it o i / Pressure
|=I['Flor.nr.]-l-l 760 100 mmm 10_2 L1 111l L i I_I-T.I-I‘I'IT L1 1101l I R L1 L LIl
10" 10~ 10~ 107" 10° 10" 10 2mbar
C(P)[L/s] 201,063 25,717 2,572 | I | | | | I
10~ 10" 10° 10" 10° 10° 10 ! pa
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AL - = e
4. U 7| A| 2t A LF-HH 2| K 2 (S) HEt+ HEE A (C=C(P))E E{et 3%
= -
() MR UYBA A44 S $8 W
4 V P
c— 137D (Py + Py) 122.3Y_1()g[_0]
L 2 Sgﬂ 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 4 100 1.333224| 0.133322 1 0.1
Azt UHHL S7HFH (V) | Hi7|SE 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 101 5.3 10 1 800 346.2 2,572 400
t 1501 17.4 1 0.1 800 105.9 257 180
e A 30.1s

https.//www.acesystems.co.kr
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Vacuum
Chamber

ﬂ A wies | =2 | a2 | @

S=constant olo
=500L/s A=
760-100  o-5p) WRZ Ql2
100—10 =
10—1 _ m 1 7} A=, C=constant
3 1-01 o) SmE =400L/s
4 S=S(P) B2 AZ, C=C(P)

.D.=4cm, L=100cm
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S:UM™(EICHZ)  14.3 [s]

S: ¢Eo|E 22.1 [s]
C. U™ 40.0 [s]
C: g4 o|= 30.1 [s]
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Hi 7| Al ZF A& |G A ER)

A. B 7| Al Zk(%)

Hj 7|2 5
of
5 S=2%
(500L/s) (400L/s)
760~100 3.5 7.6
100~10 3.8 8.4
10~1 4.6 9.2
1~0.1 10.2 14.8
B 7] A| 2t
%,,',“ [L] 143 221 400

= FRIISE I ZISEAN JIE &0/ S&S

ACE SYSTEMS (Ace Cryo-Engineering Systems)

S=%%d | S=S(P)
otio|= (500L/s) | EESIE
3.5 760~100 460
3.9 100~10 480

500
5.3 10~1 400
17.4 1~0.1 180
30.1

2= g8 g2 0/l/elof ?
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1
Seff

c-d
(400L/s)

214.0

218.2
200.0
124.0

T C

=

C=C(P

Qt=io)
458.9
471.2
346.2

105.9
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File Edit Model
HO&

=

Defaults Graphs Tools Window Help

X | KRG+ ELRC

B cu

&

e | Ul BB PR D &sEHRN

Bigger Buttons

&8 Main Graph Window

=[][R]

X grid off (Y grid off | [Labels Export Controls...|[ Save to Gallery| (/| Auto save

Mean free path vs Pressure

gas: C:\Program Files\PEC\VacTran USB\Gases\Air.gas, temperature= 2.73E+02 Kelvin

[ZHen)

System Model

=S|

Station 1 | Station 2 | Station 3 | Station 4 | Station 5 | Station 6 |

Available range:
Start: 0.00E+00
Stop: 0.00E+00
Selected range:
Start: 1.33E+03
Stop: 1.33E-09

_M ilibar v

Station active
Add cond volume

Pressure settings

0 Pumps for Station 1

0 Conductances for Station 1

L e i : : _
109 108 10-7 106 105 104 103 10-2 10-} corducte
Pressure (MilliBar)

vacuum vessel

conductance loss

Increments: 100

Start: 1.33E+03 MiliBar
Target: 1.33E-09 MiliBar

Volume: 1.92E+03 Liters

i

0 Gas loads:

Total:1.92E+03 Liters

%ga Gas: Air.gas
_open

Start Time:
0.01666667 Minutes

Stop Time:
900 Minutes.
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A. Pump Model

B. System Model

B ntited1 E=Sjon =
. 7 Help System Model
Station 1 | Station 2 | Station 3 | Station 4 | Station 5 | Station 6
A2 BHE FEBT| B | | sl
[
# 7’5&25 ﬁEB/ ‘3’% Stop: 0.00£+00 | [ Ada
Click here o = IT Selecien aoe
Gjo/ElE gl&ots = s 74062
s = S 5 A a % N é.’ L‘l’fﬂ_ -
‘@ @|a‘ 5 | 1] P% r%ﬂ| o 0 Conductances for Station 1 -
b r 4 Add cond volume einte
The following shows the pump model before any data is added. [ Pressure settngs |
conductance loss
" Untitled 1 Conte e
: 1.00E-08 Torr
| Volume: 7.13E+01 LRers
L Totat7 12E+01 Leers
Vacuum Pump Data %—wnw&s
Pressure Pump speed m ] L—&‘—}
|L.000000000E+00 |1 000000000E+00 e = e 8
|Tort _:J |Liters _:_l"|secoml :_J MW—T—]
Add /Pump station
;"“‘” Station(1)
[ Pipe 2 ==
Vacuum
Add from file...
. Vessel
SR paints in model /
0.000000000E00 v | |0.000000000E00 | ? Help | ;‘ipe1 Station(2)
] Pipe 2 =

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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ACE SYSTEMS (Ace Cryo-Engineering Systems)

1. Simple System Study

Click here

ci@)o 8 Hrem

... 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 |
|Fe£.-l ﬂ ||nches ﬂ ? Help |

Select single pump speed

Solve pump down time

Constant speed Calculated value:

100.00 61.72
s =l flsocond <] [mioutes |

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

Ton - | Liters -

™\ Pump dovir time Pipe length / Pipe diameter 4 Pump speed fvolume {

2. System Model

lick here

=

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

= Mew Document |z|
Models: Libraries: Viewers:
¢ System model ¢ Parmsation library ¢ Plain text file
" Pump model " Dut gas libeary " Picture file
" Row data gos load " Pipe library

(" Haw data conductance ¢ O-Ring libranp
" Gas model

" Pump Station

 Series Conductance

" Parallel Conductance

Selected Document Type: System mindel
X Cancel | 7 Help |

(click to expand)

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

o)l = 1

&

|
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1. Simple System study?2| O

(MZHOll HE Y Hah

[=]
1) ¥ N|X:800L

2) HiE X AuD)t €0|(L): I.D. = 4cm, L = 100cm

3) HZ|SE: 500 L/s(2 W)

~
& Mzin Graph Window

o= ==

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

Vessel pressure vs Time

[22H

CH 7| 2>>0.1ToreMHX|: 29%

& simple System Study

| | Select pipe dimensions

=0

Pipe length Pipe Diameter [[:I'EQte System Mndel]
10000 400 [:olve calculated valu-]
Cm '] [c'“ '} [ ? Help ]
. IIIIIIIIIIIIIII!III
Select single pump speed » Solve pump down time
l ]
Constant speed s Calculated value:
500.00 P 29.04
G EEEEEEEEEEEEEEERNEN
Liters V] I [second v} [seconds v

Select pressure range

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

o —

0

5

10 15 20
Time (Seconds)

25

30

Start pressure
7.6E+02

Target pressure
1.0E-01

Select vessel volume

Vessel volume
800.00

]

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

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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2. System Model2] 0f|(2)

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

Giflas] o+ )8

]

= oIz 0 é‘l

O ——

EF(LE0 WE H7|5E) Ztof

lick here

K dmmtd )

Step 1: Start with a pump speed curve

The first step in digitizing a pump cure 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.

<! Pumnp Curve Digitizer

1 [ iy e e =

4 400L/s

180L/s

480L/s

Step 1: Start with a pump speed curve

Step 2: Specify log or linear axis

460L/s

Step 3; Pressure scale
Step 4: Pump Speed scale

N

Step 5: Select units

Step 6: Digitize the curve

0.1 1 10

100

760
B Z(Torr)

= 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

Zoo

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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(=)
1) ¥ MH: 800L
2) HiE = ZuD)2t #O|(L): I.D. = 4cm, L = 100cm
3) HjZ7|S$E: Uj7|S$ =21 RF=o)| w2t of2f e =A T HEh uj
%':’ac;':t Model Defaults | Graphs | Tools Window Hel
BENS|B gw; >L &1{5@6:%@05 =1
b= OEEEPER D ALAERN

& Main Graph Window o [@]=] W FwDILeeWVACTRAN_DATA BASEWSM_001VTSYS [a]®|[=]
[X1in (Y log ) (X arid off (Y grid off| (Labels ] Max |[Export][ Text | [Controls... [ Save to Gallery| [¥] Auto save ?Help System Model
FDILee VACTRAN, _jl:;rm_m_l::,m_*\m Station 1 lStation 2 IStatinn 3 l Station 4 | Station 5 I Station Sl
5 Available range:
=1 ,-!"'ii' . Start: 7.60E+02 1 Pump for Station 1
,gﬂ" '\ Stop: 1.036-01
=1 < Setstol e
L Start: 7 60E+02
[ . = -2 ; = = = Delete all
mT / [ F#.#SM_800V_100L-4D_SpNTPMP =5 ic]
F ’
- F f’ | Data I More info I Notes I Picture ‘ Drawing I Vendor's curve‘
[ _ : ltrance Add
- r / f.\DJLee\VACTHAN_DATA BASE\SM_B800V_100L-4D_Sp.VTPMP.PMPIMG.JPG ) (Dekete )
T 74
é = 1 J4f»
it / T [ R | . —
B a80Lis D . ggg conductance loss
E £ D / : pen In 20 R
i 7 aoous Start: 7.50E+02 Torr
S e Target: 1.03E-01 Torr
s I Volume: 8.00E+02 Liters
10 ""Q, Total:8.00E+02 Liters L
E I F Gas: Air.gas
= i ([ Add
Delete
oo 180Ls
107 1 10° 10° Edit
Presure (Torr) AR
0.1 1 10 100 760

A Zw(Torr)

[ vai & [= 5]
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(=)

1) MH NN 800L
2) Hi& Z=Z1D)2F ZO|(L): I.D. = 4cm, L = 100cm
3) HiZ| &S U{Z2| S =7 =0 w2} Hek

[22H
CHZ|2>>0.1Torr K| : 35&

g Lo ST Ry W W

File Edit Model Defaults Graphs Tools Window Help
RENS| B2 eX | &H6+ELECO| Cu|
b= O EEPHER S| @ E Q" | (oo

Q Main Graph Window

(X1og [ Y lin |(X arid off|[¥ grid off |[Labels|( Max | [Export] Text | [Controls...|(Save to Gallery] [V] Auto save

— | Wf F-wDJLeeWVACTRAN_DATA BASE#SM_001.VTSYS

| [ZHelp

E=5 Bl |

System Model

Vessel pressure vs Time
F:DJLeelVACTRAN_DATA BASE\SM_00L.VTSYS

Station 1 | Station 2 | Station 3 | Station 4 | Station 5 | Station 6 |

Available range:
Start: 7.60E+02

1 Pump for Station 1

@ &

53
et
(=]

15 20
Time (Seconds)

Start: 7.60E+02 Torr

Volume: 8.00E+02 Liters

| | — Stop: 1.03E-01 SM_800V_100L-4D_Sp.VTPMP
. Z Selected :
With conductance loss Without conductance loss SRS
10 3 Start: 7.60E+02
Stop: 1.03E-01
Torr -
; 7 7 " 1 Conductance for Station 1
10 2 Station active 1 PIPE, L= 100 Cm, D= 4 Cm, no exit, no entrance
- = || Add cond volume
H Multiplier: 1
= =
2 10 1 Pressure settings
g conductance loss
2 Status: Increments: 20
=] Finished Calculation
2 100 :
E S vacuum vessel B S o STt
o e }_ — _...-g, Total:8.00E+02 Liters
100 L] m 0 Gas loads: %E'Gsszmm

Start Time:

1 Seconds

Stop Time:
12000 Seconds
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Vessel pressure (Torr)

(=]
1) ¥ HZX:800L

2) B ZAaD)F E€0|(L): I.D. = 4cm, L = 100cm

3) H{Z7|SE: Wi7|S=7F Y=o w2l HE u

Vessel pressure vs Time

10 2

10!

[
(=]
=

10 1

F:\DJLee\VACTRAN_DATA BASE\SM_001.VISYS

| e
With conductance loss Without conductance loss
h A
b, §
\
X
b, %
\
\
“\
h Y
N\
| . 1 m—
10 20 30
Time (Seconds)

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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Conductance (Liters/Second)

[21H

CH 7| &>>0.1Tort K| : 35

Conductance vs Pressure

F:\DJLee\VACTRAN_DATA BASE\SM_001.VISYS

10 ¢

10 §

=

104

103

[

(—}
o
|

101

=

101

10°

10!
Pressure (Torr)

102
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>
-;F-I o 4 S C
V=800 [L] eff
Vacuum % P
Chamber f=23 0
Al
Sgﬁ P
m [Torr] 1715 = =
> oo 218 sAYEML 143 [s]
off A1 X 1 760100 55y gAY gl s: ot=jo|= 22.1 [s]
101 _ 2 &, C=constant )
n 101 S=S(P) —400L/s C odd 40.0 [s]
e, Cc=C(P)-284H =
1\, S=S(P) 1D —4em. L= 100; C: ¢3o|= 30.1 [s]

Ae, C=C(P)
ol x4 Mmay
VaCtran 1 VACTRAN S=500L/s(E°3) .D.=4cm, L=100cm Simple System 29 [s]
g _ ats 20 [s]
2 VACTRAN 1= ole c-C(P System Model
e, C=C(P) 35 [s]
I.D.=4cm, L=100cm
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S & ol TAIA
2 AFEILICH

Vessel pressure ime
F:DJLeeVACTRAN_DATA BASEDTVC_Simulation-01.VTSYS

&QIX:0lsSF

et H: djlee@acesystems.com / etermoon@naver.com
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