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A NUMERICAL STUDY ON THERMAL DESIGN OF A LARGE-AREA HOT PLATE
FOR THERMAL NANOIMPRINT LITHOGRAPHY

GJ. Park " 1. Lee’ and H.S. Kwak”
'Dept. of Mechanical Engineering, Graduate School, Kumoh National Institute of Technology
"Research Division for Nano Convergence Mechanical Systems, Korea Institute of Machinery and Materials
*Dept. of Mechanical System Engineering, Kumoh National Institute of Technology

A numerical study is conducted on thermal performance of a large-area hot plate specially designed as a
heating and cooling tool for thermal nanoimprint lithography process. The hot plate has a dimension of 240 mm X
240 mm % 20 mm, in which a series of cartridge heaters and cooling holes are installed. The material is stainless
steel selected for enduring the high molding pressure. A numerical model based on the ANSYS Fluent is employed
to predict the thermal behavior of the hot plate both in heating and cooling phases. The PID thermal control of the
device is modeled by adding user defined finctions. The results of numerical computation demonstrate that the use
of cartridge heaters provides sufficient heat-up performance and the active liquid cooling in the cooling holes
provides the required cool-down performance. However, a crucial technical issue is raised that the proposed design
poses a large temperature non-uniformity in the steady heating phase and in the transient cooling phase. As a
remedy, a new hot plate in which heat pipes are installed in the cooling holes is considered. The numerical results
show that the installation of heat pipes could enhance the temperature uniformity both in the heating and cooling

phases.
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Fig. 1 Schematic illustration of the hot plate: (a) the top view and
the front view; and (b) the enlarged front view near the
temperature sensing point
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Fig. 2 Effects of control parameters on the time-dependent
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the hot plate. (a) Only the proportional gain is considered,
and (b) the integral gain is also considered(Pgain = 3A).
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and the other symbols do the results of present numerical
simulation
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estimated from data in Fig. 8

A% 2% Fo 9

it
ok

misZ §7to] o] FoA =
&

el ST} BAFA T Al7ko] AL} Qo)
8] W 50z Folle Ao 25Ut ule sz

e L5 g A0 H] S
Joio] Auewel AALEY 2

o

7} Aztel e} ol WBSHA Fig 9o Aelskck.
o] Tés] WS 7] AN 0T o1 2 e
BT UHL DR TR e 2o

2 o H5A%

33 S|EMo|= ZET 2 19| 2= A
Sk ol =9 wheh 2ol 74 0 rtm el veh

er FAE BAZ ) 9@ wetow WEd 8=
o] L= ARRISH At ¥ [19] 43 E*j; B7)a19 .
Fig. 102 JIEEE A SIE ylo|ZES Azl oﬂ_ﬂro] o
H5g meln olck Ane] ) ol sl

N{N_\.L
9

& 23 19 7MAAE Al AL wdabr & i%c
= o7 ety LrHAE e Jﬂﬂo}ﬂ 28t 4
29 A Yo HAgene A5 zo]7} AlZke]
ue} ofgA] Hai=A Fig 11l TA8I%E 3|E do|ZE
AAE YoM /AR TE AAHoR 2Eap) 2T olFt
2 A= XW*&EHOML 1T olztz fiAEE & 5 A
th 23 19 A9 2= FE2 JFEA SlEY] o]
gog WA=y FAYHETIF g & 3E mo|zr}

l

il

250

Temperature('C)

o 50 100 150 200 250 300
Time(s)

Fig. 10 Same as in Fig. 4 except for the heating test with the hot
plate model I

2.0

0.5

Temperature Difference( °c )
>

0.0

0 50 100 150 200 250 300

Time( sec)

Fig. 11 Same as in Fig. 5 except for the heating test with the hot

plate model II
o] W] 2EWAE EoFE eA Age U AL
Z HQlT)
offlell= e 1

2E IE ol g3t WM EE el dsst
Hie} o] Wzl 4t ggow =54 3
30 mm TS Wske ARl Ao R o] Fojzich
Fig. 12v 4% Q’?joﬂoﬂ Wellxe] &t
AIZEe] WE AsE HojErt S|E molzof &gt 1h izt
= AYshs A5 dio] A7 ¥aEE Eﬂ‘ﬂ]% 103 ©]
&) AlRte]l A9g & 4 ol A 34

o] L= o]3lel 90T AEZ W= ﬁ% Fdsieete
63 L2 Agto] AQro] WAL WeNE AR



A NUMERICAL STUDY ON THERMAL DESIGN OF A LARGE-AREA HOT PLATE: Vol.21, No.2, 2016. 6 / 97

250

200

Max. Temp.
150 |-

Temperature(°C)
]
T

Min. Temp.

" 1 " L " 1 " 1 i 1 i 1 i
0 100 200 300 400 500 600 700
Time(s)

Fig. 12 Same as in Fig. 6 except for the cooling test with the hot
plate model I

t 14 % W7t s
325CE A3 vy, s|E 3
ZARCofx dAlsh= A &% HAp
%0157]. UJ—o] 8k/\L QOJE].

o] A= AT 2 AERIEASE AEE
e dielA Bske 25 HARE Eol7] A8l Wil
E do]|zE Aztehs ekl 7tede HoE Aol of
2] W7t 48} 25 7AE ol Sl siAe] Hes)

El

ol

- i
o HZA B|E mo|xe] AA & uEd $& At Jo
3t

4.4 E

Q7 B2 et A ThERA] SlEpvE st
oA 2 240 mm x 240 mm?] thwA Ao AT
= AAbe|A A o R ARGtk deiblet At &
24;7357} A3 Yol e 2ERlEA AME e d
| THNIL 4] dste] eyl Fihehs 44 54
THREA ke e BTtk PID A7k
7ol e, 300 wol 2AeE T AHERA SlH
20705 R AP 5% el ke HIE2E 200 TR
A oR 7MAE ¢ glo ARdEe] dvhgel 2=wA)
7k ok A L}E} ok QAo WAEE o839 &
Wt g B IReEiel At A et 3%
s %—%*1 17 Foisleh.

s}

128 A4S sidsl] #sto] %Z%%Oﬂ 3E

o r% f

o

0

o

3

F[F
o [
_lz i

=

AAEIaL YAETA B|E do|xe] ARE

5

-

14 T T T T T T T T v T T T
12
10
o
§ 8
2
o
o 6
Q
=
()
= o4
2
0 | I I I N ! |
0 100 200 300 400 500 600 700
Time( sec)
Fig. 13 Temporal variation of the maximum temperature
difference estimated from the data in Fig. 12
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