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The Application of Vacuum Pump Performance
Evaluation in Semiconductor and Electro-Optic
Industries
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Vacuum pumps have been widely used in semiconductor and electro-optic industries. Dry vacuum pumps become
the main stream of the first stage of the vacuum pumping for applications in clean room demand and semiconductor
electro-optic requirement. The vacuum pump performance evaluation is a critical issue for the high-tech industries.
The well-performance pumps can reduce containments, shorten pump-down time, and increase the process
efficiency. This paper starts from the principle of vacuum pumps and introduces the performance evaluation
technologies and analysis methods.
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1. HEm=UE A
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o BEZEAMZFHEH (roughing pump) FI1E
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(1) fie#8yE Fr &R (rotary slide-vane pump) @ Hi#
TR B AROHETEZ M - EHEE TR R
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1111 7 2 HR AR N (AT BB A e o B PR Y
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(3) HEE I (skew pump) : HH (B CF figiE 7 1A

FRSCHIEFEIREE T Fr i Ak - HoRE R EHE 4 Fr
T EETEEER T RGER - EE A PERE
THHE °

A0 T B E R A R

(diffusion pump) B/ EH (turbo molecular
pump, TMP) Fife °
(1) BEERE - dlE 5 ERAHEERE I (pump oil) #%
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TnZAes (electric heater) FITfNZENR - EEAZER ST
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e Oil molecules
- Gas molecules
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High vacuum inlet
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2. ERAEHE
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{LER I RITE R - AR A B 22 F (R T
FIERY - fERUE B PR B WA R R H
iR EIRE - HEIMEE (regenerate) HY
Bi{F - fERERAE PR HE 2 mE
(cryopump) EHEET-EH (ion pump) ©
(1) ¥ EREH ¢ 2 FH AR R U 1 2% 1A 2 R BT S B
5F 0 DUEIHRRAIE - Eetet £ Rl
1HHESS 20 2nd stage (array) HYRZZE 0 st stage
(array) Z#¥ 2nd stage SEREEE - HAAEN -
[EIF 1st stage 22 & 4 Y TP 0 A BB REE A
2nd stage * Kt 1st stage 38 a% a1 A HEE
HJ 45 FEREFT 5 2nd stage axafECEIE A =NEUFR
N7/ AN IR S RER R AU R i S SRS R

LN, fill
(vent not visiblie)

Cryotrap
body (b)

HHMARSE E2E - 5 RER R &
(cryocondensation) * 7E i 5 FF & HG A = A 22
R A -8 - SThliE] 80 K HY 1st stage
MRS BEEF » 38/F H,0 fll CO, R EEH)
AE » MRS TE S B2y 45 R - 5 FE
BEF AR IR R MY (cryosorption) » — BB S i
i< FHE + 20 H, ~ He & Ne FREEH K LT
REfRME A 15 K HY 2nd stage 2 0 #R A VR
T TR b TR B 3+ 3 et S A T e R E T R
12 B LR 5EE MR A ACEEHHR B/ -
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(2) BETE - TEENHESEM - R

HISRER > TR N E 22 e - FEAIHIASE (getter)
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(i) 755 (BT 5 (evapor ion pump) @ 7558 = Hff

7. B ¥ T R AT (stator) AT (rotor) T & °
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Gas flow from user(is
vacuum system into
inlet of cryopump
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(ii) RET =B 2 (sputtering ion pump) @ PAE
H RS IEBE TR e iR ekt - RF SR I 8
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H A E 225 iR e aE 2 L 1SO 21360
ZHEHE ST > HEEREHERZEHMRAE
REFTHIE 2 AR - fERIEIFREBHEE I TR (volume
flow rate) » #%HEE /] (base pressure) K S ET#EE
77 (critical backing pressure) 7 ¥ © {E R & HHEE]
EHRETEVIRAY T A = /gy -

(1) JiEsT1E (throughput method) © & FAER 5L 2
S EDERMER 112 - B AR ERE
AR B SRR — B T -
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k1. EHRF B Ak FRARXEZ LR -

. HiEAE
PR ATE (L) B e (L) EH& D (mm)
0—0.26 1.3 100
0.26—1.1 5.4 160
1.1—42 21 250
42-17 84 400
17—65 325 630
65—260 1300 1000

(2) LI % (orifice method) : EZH & IEH /N
AORS (GEEEEZ) AR/ RS ERE
(throughput) °

(3) EAEMEAE (pump-down) : BEHE & H B{L4E
WA -
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EZERIH R MEREAT AT H 1SO 21360 2
A REASHEHT AR ERE RO B E R E
it 73+ B MEAH B SOR R ET - EE B b H.
Enosawa & A\$% I BA S BT < 8w 70+ B A
- A E AT ER RS < —a R E e
i TMP - Q0L A A BRI S BERE L - S
AR - WREARZTNK o /Mt FEH
HCEEH E R -2 AT F AR S R DU R 5
# (outgassing rate) ° K. Ino FF Af8H - #EHMEHEEF
TEER I TIE R 2 RIRVEERE - DUBE HH 28 6 84
(Knudsen number, Kn) * ZHH A #ERAEEEZE N2
3 F iRt A IIE R E T Z R MERE © FLAMi
LT T e 43 B NP & - SRR
B AR RS AT -

e300 E > RUY. Jou FFEAFIFHEHELEE IS
(computational fluid dynamics, CFD) K B S+
%1% (direct simulation Monte Carlo, DSMC) » $f¥f
WEHEfETE (spiral-grooved) .2 Mim s T- 8 » 7047
HAE AR ZE ST B 2 il SR SRR L -
EL AN [R] AiT A B R o A T Wi 73— B W 2 e S
o GRS EE B S A R I AR
AGFRHE Kn /T2 0.5 £ 1 Z [ - CFD #l1 DSMC
A A T IR N 2R 1D e 7S, Heo
S Y.-K. Hwang #EH DSMC fE#H{E /Tt (free-
molecular flow) FEJENT (transitional flow) T TMP
ZHRNERE - IR EEE T T B A BAE L R R
HERFEZ Kn i EE - ARIMAES T VRS2 Kn
BB KD o E Sharipov i ] DSMC FEEEEAF
HISR A AR R > REVF I (viscous flow) ~ )&
K53 Fii TMP 2 35 3 R Bk L) 4 H
TR FRA ST - B R R LIE R
/N SRR e I S L AR - FERST I B =i
TR FE IR SRR (B RS N R -
RAERIMIE N 3 EREIRR TR - B ELARE I
o RS TR 22 B R SRR TP

EE RS RALE: - DR TR RS
EH -

RS RIS - BbE@ERR 0BT
L —E B E SRR R - B R
W E s BB A M Re kg I Bl - s
FH ISR 7 G RN T &t R Al - DAEE B
CAERAE—Hm - e o (B 10 BB B AR
fRE - ORISR R A B2 5558 - FHIE R 5]
HIESIAE 1.8 x 107 & 4 x 107* Torr FEJ&IE T -
SRR e A BRI nmsg hn - & 2N E R
TR ER - RERELLRER TR -

IR T #E FR R A A i i o T B
RHRAN » HAMUAE 11 20 iR =R i iR
HIE AR ST R 4 x 107 5] 6 x 107* Torr Z[# » 43
M Hh R R EL B B AT 15 2 T SR SR R — B - %8
HE AR A6 e o0 T B R L SR R R R RS - EAE S
FUit (molecular flow) TSR RE Ryl

ERN

fEFERD SRR MR IEA £ H2EHE
FESRE R A _ERERIEIN - A0{Ar i) SA2 75 B Bk
SRR R TRIIAOPRE, - A sCat B H 2B
REREREIE - R EZEE R - Rk
BERR I B R A R M RE AT A S E— /T > e
PR EREERE ESE
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