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Development of a Contact Type Temperature Sensor Using Single Crystal
Silicon Thermopile

Young-Tae Lee!, You-Na Lee2, and Wang-Hoon Lee2*

Abstract

In this paper, we developed contact type temperature sensor with single crystal silicon strip thermopile. This sensor consists of 15 p-
type single crystal silicon strips, 17 n-types and contact electrodes on silicon dioxide silicon membrane. The result of electromotive force
measuring showed very good characteristic as 15.18 mV/C when temperature difference between the two ends of the thermopile occurs
by applying thermal contact on the thermopile which was fabricated with silicon strip of 200 ym length, 20 zm width, 1 ym thickness.

Keywords : Temperature sensor, Single crystal silicon, Thermopile, SOI, XeF, gas

1LME

LML 977)7) A7), 7P D 3 RUE Y AlAE S
Z 9A AFGE T ek &% Aol p—n HEF (p-n junction)
, 5% A% (metal resistor type)2] 2 A2} (thermopile)
(3] 5ol YUtk pn MY & X 55 A Foll wls) Aot §
o] BashA| gfoba] aaH] Ao] Wil Pt 22 Aol
o APE HEIAY AlFol= Ed e
siicon) 013} Aefl p - n § FdS Fstel 4 2
STl 7hO. 24 g

[OOQL'E_I

¥ T
T
@

=

a9,

@

o

<

o
£,

=2 0 0 E = .
AHEBICH4]. ThE W o 2= ARk E] 2 (silicon dioxide) 5 ol
E}@;ﬁ A Z(poly crystal silicon)S F2Fslal, ofAste] ofdH

el AU Aol AEskel & FATeH5)

lobs sty AR ARSI Department of IT & Electronics
Education, Andong National University)
1375 Gyeongdong—ro, Andong—si, Gyeongsangbuk—do 760749, Korea
230 AA B 714 93T Convergence Technology Research Team,
Gumi Electronics and Information Technology Research Institute)
Cheomdangieop 1-ro 17, Sandong—myeon, Gumi, Gyeongsangbuk—
do 730-853, Korea
*Corresponding author : whlee@geri.re.kr
(Received : Aug. 5,2013, Revised : Sep. 11,2013, Accepted : Sep. 11, 2013)

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License(http://creativecommons.org/licenses/by-
nc/3.0)which permits unrestricted non-commercial use, distribution, and
reproduction in any medium, provided the original work is properly cited.

—369-

V = Ne,Ry,P )

o] Aol N2 @74 (thermocouple) ¢, & AEY 2ok A
FA|| g20]H | o= AW Al4x(seebeck coefficient), Ry, EA]
¥, Pe 47E Hehdth, Auutde] 23 =g 717 )
M, B 29 7 A AT & AR 28, A
=/ BAsks Zlo] Fasi, o7]oN SR #E F7H7=
AL 2Ape] Ao| 27k BA7E QlofA A wietulE = ARgShs A

o] E7kssltt, weba A Avt =& RS AR, GAY
=Y 5 Sl AAE Zasit 2 AAA e AT 2 4
517] 93te] SOI (Silicon-On-Insulator) & o83}
o] KRS LSHATHE]. SO19) 229 Bad AeE 52
AS2 AksE AejE7HA] o sto] ofdHE Fejo HaA }\EE]

1 AY AZshs WHOR uE o) HEuke]
2 =roAle o] WETHLS $-85to] A&
o} A5 2% AlAe SOI Yo]HE ARg-sto]
d % A

_\_,

e

O

< A|Z3kaL, hot junction
= "ﬂ%(etchmg) FIHog T
B g ‘i(metal contact pattern)% A S oz Aaet
s + SOI flo|#HE AM&-ste] ot
shg “rl A “E]i iEa AZol= ICP-RIE (Inductive

Coupled Plasma RIE) 33[71& AH8-stal, HWE e Ql(membrane)

dJ. Sensor Sci. & Tech. Vol. 22, No. 5, 2013



162] Young-Tae Lee - You-Na Lee - Wang-Hoon Lee

AR flote] 534 Eeto] o F 3792 XeF, 7k oA (xenon
difluoride gas etching) 34& 2831t & =FoAl 7gtst
59 2RANE YAl BUEY F 987)7)), ZEen|
B, 3YEEA 1o 255 HUHT), 554980 17 2y
%‘, A=Y S BUEE) 5 thegt 2ol ARgo] 7k AL
e,

buo
r,

SOIE AR HEY &k MM F2E Fig 1ol Uehdlch
Fig. 194 p3 @274 A2l iE%WﬂL ng @24 Ao AEY
< A¥ AH3}tL hot junction % 2

o} H50] 7hsskA AAHIT 2]l hot junction F-tof] HE
g%l (membrane)& 343817] I3t hot junction Afelo] o3&
ZHetching window)& BAsIL, o]3S Ed}o] XeF, 7}AE o]
_9_‘6]- Alﬂi E.H]—k\ 01] A( etchlng) Jo_;g ° A ,\] 6}@‘1:} ;@: EX A =t
(contact electrode)ell ¥ £74 EA4|7F &= %Q(‘E@r”]")g
£3}o] go] hot junctiono] HEEH pd F=nd A&

o] ok 7H2] 017} cold junctionZ o2 & @E] AEZ] ot
7)7%1¥ (electromotive force)o] WAYgIT AE dZAH 7+ Azl
AEo] WA 7)Y o] B AN &9
t}, %é A2 A5 1 4 E419 220 Hlﬂﬂoﬁ’ﬂ Uephdtt,
A A2 AEFO| Alo] 2= 200X 10X 1 ym2 o] Z} Alg|2

,]
¢}

rAl

Output voltage
electrode

P-type silicon  N-type
strip silicon strip

Cold junction —

/Membrane
‘/‘I/Etching window
N
H

H
o 1
Hot]uncnon—i—- I
1
\

Contact electrode

_.w
(a)

XeF, etching ~ Single crystal silicon

Aluminum elecgode strip(p/n)

_ T T
Silicon L ‘ (I
dioxide L l | ‘7“
Silicon v
substrate\‘h '
Membrane(silicon dioxide)

(b)

Fig. 1. Structure of contact type temperature sensor using single
crystal silicon thermopile, (a) floor plan and (b) cross-

section.
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Fig. 2. Fabrication process.
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Fig. 3. (a-b) Photograph of the fabricated sensor.
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Fig. 4. Sensor package; (a) Structure and (b) photograph.
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