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Numerical Analysis for Cooling Condition of a Lamp House in the
Exposure Device by Response Surface Methodology
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Abstract The lamp cooling system of the exposure has effect on the exposure efficiency and device lifetime.
In this paper, we performed the numerical analysis about the thermal flow in the lamp housing of the exposure
apparatus for the cooling air inflow rate. We set up the velocity of cooling air of side and bottom as the
independent variables because cooling performance of the lamp housing is affected by the velocity of the
cooling air side and bottom. The cooling state of lamp housing depend on three dependent variables; the
temperature at top mirror and exhaust gas, ellipsoidal mirror. Response surface methodology was used in order
to establish the efficient cooling analysis plan. The regression equation predicting the variables temperature of
lamp housing according to the cooling air velocity were drawn. The velocity of cooling air to reach the
optimum temperature of the lamp housing were derived.
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[Table 1] Setting of process parameters

. Level
Unit

Parameters Symbol

Speed of air
(Inlet of bottom)
Speed of air
(Inlet of side 1)
Speed of air
(Inlet of side 2)

A 10

m/s B
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[Fig. 2] Model of Box-Behnken

[Table 2] Design matrix for Simulation by Box-Behnken

NO. A B C
1 6 3 4
2 6 4 3
3 6 4 5
4 8 5 4
5 8 3 3
6 8 4 4
7 8 5 3
8 8 5 5
9 8 3 4
10 10 3 4
11 10 4 3
12 10 4 5
13 10 5 4

[Fig. 3] Temperature distribution of the simulation result

[Table 3] Maximum temperature of the simulation for
each conditions

Tc Tk To
Temperature Temperature Temperature of
NO .
of cold of elliptical outlet
mirror(C) mirror(C) (0)
1 70.995 81.923 57.247
2 68.822 80.267 60.864
3 78.569 84.671 58.451
4 71.599 73.471 51.695
5 68.887 74.711 51.018
6 69.861 72.468 50.178
7 72.048 75.166 48.984
8 65.647 68.243 51.159
9 67.331 70.672 50.706
10 64.287 67.529 49.618
11 62.572 68.212 48.28
12 68.236 70.718 47.837
13 57.474 71.502 48.733
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[Fig. 4] Temperature distribution of the cold mirror
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[Fig. 5] Residual plots for cold mirror
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[Fig. 9] Residual plots for outlet
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d = 0.99947

[Fig. 10] Optimization plot

[Table 4] Results of simulation by optimal condition

Parameters Symbol Data
Speed of air
A 1
(inlet of bottom) 8.1 mfs
Speed of air
(inlet of side 1) B 4.1 mfs
Speed of air
33
(inlet of side 2) ¢ mjs
Temperatflre of Te 712 C
cold mirror
TefnPeratur.e of a 714 C
elliptical mirror
Temperature of outlet To 50.9C
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