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Surface Temperature Measurement in Microscale with Temperature Sensitive

Fluorescence

Woonseop Jung, Sungwook Kim, Ho-Young Kim and Jung Yul Yoo

Key Words :  Temperature Sensitive Fluorescence(2 % 917+ 83, Micro Heater(WFo} A2 3 E}),
Local Heating(= 4~7}4), Temperature Field(= % %)

Abstract

A technique for measuring surface temperature field in microscale is newly proposed, which uses
temperature-sensitive fluorescent (TSF) dye coated on the surface and is easily implemented with a
fluorescence microscope and a CCD camera. The TSF dye is chosen among mixtures of various chemical
compositions including rhodamine B as the fluorescent dye to be most sensitive to temperature change. In
order to examine the effectiveness of this temperature measurement technique, numerical analysis and
experiment on transient conduction heat transfer for two different substrate materials, i. e., silicon and glass, are
performed. In the experiment, to accurately measure the temperature with high resolution temperature
calibration curves were obtained with very fine spatial units. The experimental results agree qualitatively well
with the numerical data in the silicon and glass substrate cases so that the present temperature measurement
method proves to be quite reliable. In addition, it is noteworthy that the glass substrate is more appropriate to be
used as thermally-insulating locally-heating heater in micro thermal devices. This fact is identified in the
temperature measuring experiment on the locally-heating heaters made on the wafer of silicon and glass
substrates. Accordingly, this technique is capable of accurate and non-intrusive high-resolution measurement
of temperature field in microscale.
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Table 1 Material properties and reference values used in
numerical analysis

material p 3 G k At
(kem) | kg | (WmK) | ()

silicon 2330 712 148 0.1

glass 2225 835 14 10
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Fig. 1 Fabrication process of micro heater array: (a) SiO,
substrate, (b) Silicon substrate
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Fig. 5 Temperature distribution in continuous heating
mode (for silicon substrate)



2E UE §FL o8 vlolaz 279

80 T T T ———

70k -

TfC)

60

50

increasing  (0-10 ms)

40

30

20

1 L 1 ]
0 100 200 300 400 500
x (um)

Fig. 6 Temperature distribution in continuous heating
mode (for SiO; substrate)

100 Y T T T
90~
9.:/ sol. — 7= 50 ms
~
70+
60 |-
50 T A0
[’ T =25m
o e = b
— Input power * =50 pm
30 mx=75pm
we—=x =100 um
20 1 t ] L
0 10 20 30 40 50
t (ms)
Fig. 7 Time response in pulsed heating mode (for silicon
substrate)
100 T v T —
90}
o «— T =5.0ms
2 80}
b~
70+
60+
50 g
—x=0um
40 =~x=25um |
""" =350 um
——Input power x
30, ! L e x =75 m
' (arbitrary unit) e = 100 1o
20 1 1 L 1
0 10 20 30 40 50

t (ms)

Fig. 8 Time response in pulsed heating mode (for SiO,
substrate)

EHex

A

A 157

ZN#o g 4% Ag= HEZREEY F FF
wﬁ}iiwﬂﬂ*‘@ﬂﬂL74 E 5

ole frelet dedy 4 4EEAUF%€-}M%
AR J7] wZ ol éﬂi% 5 &

& g@EEﬂ-%1MHH%55y]W

o= A vl 23 dRdo] doju} FaHo
2 EEE ASA7I7L oHd. weks, BEHes
SZAYY A5HNE A =0 BE wE
AbgE T vlola 2 AU FAH R I}

do] 7t FEE AT Hart o
%:#lﬂd Az olglg =23& FaEI] A
AME freElE 1 o7 ulo|aR FEHE Az
of 3tn], ol 43 AFHZ A EA F F g
ot

32 AyZn

Fig. 9 © A& ﬂﬂﬂa 7% §,4%ﬁq;m

49 oholaz AES RS A PRI

detel e Ae

Fig. 9 Temperature field on the silicon heater

(b)
Fig. 10 Fluorescence intensity on I-type heater array: (a)
emission intensity, (b) intensity ratio (/// .



158 A A4S

Fig. 11 Temperature field on I-type heater array
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Fig. 12 Time response of microheater just after the heater
is turned on
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