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Downscaling Model Test Design for Constant-temperature
Water Jacket of Lithography Lens
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Abstract: In order to realize early design of constant-temperature water jacket of lithography lens, a downscaling model
test for constant-temperature water jacket is designed with similarity principle, and the method of this downscaling model
test design is proved to be correct by numerical simulation. First, governing equations of heat transfer are given based on
structure of the constant-temperature water jacket. Then, the governing equations are analyzed, and the similarity criteria
of model test design under steady-state heat transfer are derived. Thirdly, a 1:4 downscaling model of a
constant-temperature water jacket of lithography lens is designed with the similarity criteria. Finally, thermal distribution
in the 1:4 downscaling model and its prototype are analyzed by numerical simulation, and results show that the thermal
distribution between them are similar to each other. It can be concluded that the downscaling model test design for
constant-temperature water jacket of lithography lens should meet the criteria as follows: geometric similarity, Reynolds
number similarity, Prandtl number similarity, Biot number similarity and boundary conditions similarity.

Key words: lithography; scale model; similarity criteria; numerical heat transfer analysis; thermal distribution

0 3l

K L BOEC 2L 2 B A B s U LA, AN L), i i T S QI A AR5
MR AL, # S HOEZI M BT S A A, ISR i PR, AR 2 NAT KD % 5y
PR NIk, T — RBAE RS B e 2 B o ket Ak Y, — 5 MR AC 5 oA S TR AR 7 A i
AT N A AN i) AR ARE , 53—y A B A AN S2 A SRR IS8, AT PR EFC I BE )

jillfs

ks HE: 2010-07-20; YrBMEFE HEA: 2010-10-10
EEEN: H0A(19820), 5 (U, B 2 N BhRERFSE0L, it FEEAFOEHLRSGETE. E-mail: yuanwenquan@tom.com.
BIEEE: TUA1968-), YW (BUK), EHMAMEIT N FFFT6, WA S0, FEEOF5 RO . E-mail: gongy@sklao.ac.cn.



% 38 55 1 R4 S CRIM BRI KB /N Ee A S vt 61

PR

T RMARGEH L RARGMB, — A R P BT /N B 5206, DU Ak vt i R b i
LA, 3 — e TP, o in T8 RS, AT8 D oK P R O )2
(IR o TM7E H AT HURGE S, BRI 3R 2 (0T, A — e K g e —,
IR WAT /IS PRI S EA TS IR IE . X T8O 2 B R Se R K R U, S MG R e T iA
MITRBERES . PARAHA LI 2 m) et R AR B G il L, AR RO B0 %, AR BGICR E 2 i
JRAT IR A SRR RN . AL, AT b BEEAT /S EE R R S B K v A T 0

TEBGE R BRI K K/ UG SCG etk v, 32 R S0 AL /KRR b 0 2 ) g o AT
MIAIOC R I, BR T il 250 A2 TR GTL R LA S, 3 il 2500 2 P AR ST IR K 3h AL, 327
FAEEABLAE N . ASCE R A R U s R S ] A3t S ORI 04T, A T RRUE AL A
DU R KRR 5 J M 27 o] (RO A AR s AR PR IXLEARIHE I, BEvh T — A X BRI K 1 4 /N LEA
BRSNS o dfir, I HUE O FCSELR, ALY 5 [ 2 A B o0 Al BT B AR AL, e T A
S Bt TR IR .

1 KRERBZHRIAEPUEN

1.1 =555
HRIERETEAT] IS g AR b T R, ISR A A P, 75 2R K A 78 J1KE 3l L AR s (4%
H R R

B vy By, 2 (1)
P p dr
PR ar 2
FAWIE R —=VT )
dt p-c

Forbre u OKIIRERE, p H/KIEE, p ABIKIE ), w A/KFUEE R, T v HIKIEE 5L, ¢ isfTa],
c A/KIIEEH, 2 h/KIRE SR8, VRS 1, didr S SEEORI [

d o0 0 0 0

—=—tu—+v—tw—

d ot ox oy oz

T HIA A 2 R, MR IRORE A e, /KA P B R TR AR O A HR L SR ST R .

1 A T A KK L K N BEIN (UL I e, 18T oK B R il e v J K BE v, AT TR AR 22 5
TREEACH, TR B A .

V. . A.;/
/ Ve
| Vx 7/ —7/ r
- - % .
/ // \ o Ji
/ s \ ;\\ //
AN
\\ \TT, //
\\\W,QJ///
B 1 AapKy ik B AR B2 KENERZNSH
Fig.1 Velocity, temperature distribution of cooling water Fig.2 Temperature distribution in the wall of water
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Table 2 Physical properties of materials

Materials  Density/(kg/m?) Specific heat/(J/kg-K) Thermal conductivity/(W/m-K) Viscosity/(Pa-s)

Steel 7.854%10° 434107 60.5
Water 9.97 X107 4.182X10° 0.606 9 8.899 X 10™
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Table 3 Small model test design

Items Prototype Model Scale Principle
Geometric dimensions L L/4 4:1 Geometric similarity
Materials Steel/water Steel/water - Prandtl number similarity
Velocity of water 0.03 m/s 0.12 m/s 1:4 Reynolds number similarity
Heat flux on inner wall of barrel 2 W/m? 8 W/m® 1:4 Biot number similarity
Conditions of other walls Adiabatic Adiabatic - Boundary conditions similarity
Temperature of water at inlet 295K 295K 1:1 Boundary conditions similarity
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Fig.7 Thermal distribution in the prototype Fig.8 Thermal distribution in the model
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