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Simulation of Vacuum Characteristics in Semiconductor Processing

Vacuum System by the Combination of Vacuum Pumps
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Abstract: Effect of pump combinations on the vacuum characteristics of vacuum system was simulate

d for optimum design of system. In this investigation, the feasibility of modelling mechanism for VacS

Multi

im simulator was proposed. Simulation results of various pumping combinations showed the possibi

lities and reliabilities of simulation for the performance of vacuum system in specific semiconductor p

rocessing. Simulation of roughing pump presented the expected pumping behaviors based on commerc

ial specifications of employed pumps. Application of booster pump exhibited the high pumping efficien

cy for middle vacuum range. Combinations of optimum backing pump for diffusion and turbo vacuum s

ystem were obtained. And, the predictable characteristics of process application of both simulated sy

stems were also acquired.
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Fig. 2. Simulation results of modeled rough vacuum systems
((a)E2MO0.7,(h) EIM18,(c)E2MS80,(d)E1IM275).
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Table 2. Commercial specifications of employed rotary
pump (E2M275).
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Model Name 7
Rotary Pump
pumping speed ,
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Fig. 3. Simulation schematic of booster pump system.
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Fig. 4. Simulation results of modeled booster pump system
((a)EH250, (h)EH500, (c)EHI1,200, (d)EH2,400, (e)EH4,200).
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Table 3. In-situ simulation data of booster pump system  Table 4. Commercial specification of modeled diffusion pump.

plotted as pump-down curve in Fig. 4.
ion Rati 10’
Booster Exhaust Ultimate Vacuum SSUDER U 0
Pump Time (torr, total pressure,
Model (sec) without gas ballast)
Rate 60 (/s
EH250 24 2.0x107
EH500 23 2.0x10° Warmup 600 sec
EH1,200 21 2.3x10°
Stage 4
EH2,600 21 1.8x10°
EH4.200 20 1.7%10° Backstream 5.8x10” gm/min
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Fig. 5. Comparison of simulation results of modelled rough v
acuum system with and without booster pump (solid curve:
E2M275, dotted curve: E2M275+EH4,200).
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Table 5. In situ simulation data of pumping time to reach

high vacuum (1.0x10 7 torr) plotted as pump-down curve in

Fig. 7.
Pump Model Exhaust Time

SP2(Speedivac2) 3,555 sec

ES7,500 2,276 sec
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Fig. 7. Simulation results of modeled diffusion pump high v
acuum systems ((a)SP2,(b)ES7,500,(c)E1IM175,(d)E2M275).
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Tabel 6. Commercial specifications of employed turbo-mol Flot One Pen
ecular pump (EXT70-DN63CF). Presure Wolumea
(Ehannel 1 Generic 10 liters
Model Name EXT70-DN63CF [Valume|
N, > 1x10°
. . Walwe_nc o sig
compression ratio He 6,000 Genefc
H, 500 Fota] [FortB
Cantral]
nominal
tational d 90,000 rpm
rotational spee Fipewolk Shaight
standby Generc
. 63,000 rpm Potf| [Port B
rotational speed |
. free convection or
cooling method . Fump Turbo
forced air or water Edwards EXTF0-DNE3CF
. " (] Backin [Inletp
quiescen 10 W :HHEUntmI
electrical power l
Control Timer ]
N, 65 /s 0ta 1 aut Delay WValve_ne wwo sig
pumping speed He 60 /s Dutput ) Generic
rF-ortA| [Port B
Hy 50 /s Cantrol]
ultimate pressure < 3.8x10™" torr l—
weight 34 kg Fipemok Shaght
Genant
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Fig. 9. Simulation results of employed turbo—molecular high vacuum systems ((a) SP2,(b) ES7,500,(c) E1IM175,(d) E2M275).
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