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Fig. 1 Typical energy consumption status of a tool in a semiconductor fab(Source : 1997, 2000,
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g AL v Ayl e U o
Axke] B3 Table 13 2t}

Table 1914 & 4= Q15zo] w715+ 942 Pex = 800 Torr
o wf, X1 o] 4] o] Hurh H= X s
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Table 1 Inlet pressure at maximum power consumption
and compression ratio(no electrical control)

. . Prax(Torr),
gamma compression A’ratlo(Pex/P), <00
(v) 4T 77%1
1.4 3.247 246
1.3 3.117 256
1.2 2.986 268
1.1 2.853 281
1.0 2.718 295

Table 2 Pressure having maximum power consumption
according to exhaust pressure(no electrical
control)

7] 942 Pe(Torr)

gamma

o) |65 \ 700 | 750 | 800 | 850

vl o7k = = (Torr)

1.1 227.8 245.3 262.9 280.4 297.8

1.2 217.7 234.4 251.2 267.9 284.7

1.3 208.5 224.6 240.6 256.6 272.7

1.4 200.2 215.6 231.0 246.4 261.8

1.5 192.6 207.4 222.2 237.0 251.9

1.6 185.6 199.9 214.2 228.4 242.7

1.7 179.2 192.9 206.7 220.5 234.3
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Fig 3. Theoretical power consumption vs. inlet pressure of vacuum pump(Leybold Patent, WO 02/33262A1)
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Table 3. Example of power consumption of multi—stage Roots vacuum pump having 100m’/h pumping capacity
(Arbitrary displacement at each stage and pressure)

Stage i 2m 3 4™ 5" 6" Exhaust
Pumping speed
. 100 50 25 10
(displacement), m*/h
Pressure(mbar) 0.001 0.5 100 500 1000
Power consumption(W) 1.39 138.19 277.78 138.89 556.25
Pumping speed
100 50 25 10 5
(displacement), m*h
Pressure(mbar) 0.001 0.5 100 500 700 1000
Power consumption(W) 1.39 138.19 277.78 55.56 41.67 514.59
Pumping speed
. 100 50 25 10 5 1
(displacement), m*/h
Pressure(mbar) 0.001 0.5 100 500 700 850 1000
Power consumption(W) 1.39 138.19 277.78 55.56 20.83 4.16 497.91
Pumping speed
200 100 50 25
(displacement), m*/h
Pressure(mbar) 0.001 0.5 100 500 1000
Power consumption(W) 2.77 276.39 555.56 347.22 1181.94
Pumping speed
. 200 100 50 25 10
(displacement), m’/h
Pressure(mbar) 0.001 0.5 100 500 700 1000
Power consumption(W) 2.77 276.39 555.56 138.89 83.33 1056.94
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Fig 11. Typical pumping system for dry etch using
turbomolecular pump and booster/dry pumps
(Ohmi Tadahiro)[15]
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Fig 12. Backing system for turbomolecular pumps and booster pumps by just one dry pump(Ohmi
Tadahiro)[15]
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How to reduce the power consumption of vacuum pump
in semiconductor industry
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For the semiconductor manufacturing processes, so many vacuum systems are needed with
large power consumption for vacuum pumps. Semiconductor device manufacturing makers
are concerned about the power consumption and have to address this because it is related
with the environmental issues. So many solutions including the design and the control of
them by vacuum pump manufacturers to reduce the power consumption of vacuum pump
are proposed. However, how to use vacuum pumps by users and the conditions for vacuum
pump to be used are also very important to reduce the power consumption. In this article,
how to reduce the power consumption of vacuum pumps is explained briefly and what the
impact of semiconductor technology trend on the power consumption is considered very
briefly.
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