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The Formation Technique of Thin Film Heaters for Heat Transfer Components
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ABSTRACT

We present a formation technique of thin film heater for heat transfer components. Thin film structures of Cr-Si have
been prepared on top of alumina substrates by magnetron sputtering. More samples of Mo thin films were prepared on
silicon oxide and silicon nitride substrates by electron beam evaporation technology. The electrical properties of the thin
film structures were measured up to the temperature of S00°C. The thickness of the thin films was ranged to about 1 pm,
and a post annealing up to 900°C was carried out to achieve more reliable film structures. In measurements of temperature
coefficient of resistance (TCR), chrome-rich films show the metallic properties; whereas silicon-rich films do the
semiconductor properties. Optimal composition between Cr and Si was obtained as 1:2, and there is 20% change or
less of surface resistance from room temperature to 500°C. Scanning electron microscopy (SEM) and Auger electron
spectroscopy (AES) were used for the material analysis of the thin films.

Key Words : Electron-beam Evaporation, Magnetron Sputtering, Thin Films, Semiconductor Thermal Processing, Surface
Resistance, Scanning Electron Microscopy (SEM), Auger Electron Spectroscopy (AES)

1. M g F82E Ak M9E M 500 7|E0E +3%

WE 27313 JTH1]. o183t 8 7E WA= A

300 mm & HFCA Aol Bydo g ga3EHE U dud REV)eE ZAY A Az g4

A o3l BE9] Azrled et Aolrh. Fule] Al ZIgo|2z ol sige] =gl Y-8l
HEA AL Biieh e v X BokE 4y

o}, 28y o] 3 I vlSel e Bt =] vk 2. gt BEo| A

A gL &2 9EEE Jollla YA gow,

53] AR s} 3] B ders A4e £ ddA g rAske FERAE 3A £4 2 FEA

o|th, wEhA olg} BHE & AFUEE ook ity 2 s 4 It} RS AR ASE AXFE 9

A Bopoll MwAel G2 FAT 4 A& Aotk (constant current source)S ARE3I] A7 ARZ F

HEA] FAo B Fole UldE go)HE olF 5 F3A Hew o] "ol oluX= PR (I: electrical cur-
olm] &Ale] 891x] B2l & 300 mm B} C.2 W& rent, R: resistance of the component)©] %22 ] &o]
2 Zo|t}. o] A WA AZAH|oA do|wrt & EZE AEEHA =Y of&w] A3y Zdolg F
©]% substrate holder®] 2% #UEE do]# el & theho® 7] Hste] B HHL 2 "l ol
3 He] AT UEER o]ojAH, 300 mm FolHAA o HHL JEH 0T o] #UAS A o
& Txo|t W EAE YEA R AMg-ste A9
A7t 9 (constant voltage source)S AHE-3HA] H+&
"E-mail : nicho@sunmoon.ac.kr Hl o] wje] oA VIR (V: electrical voltage)©] =

31



2

32

=
=

ol

o] 713 Aglo] F2 BHE AHg-stdof i} o] A
Folle= B3 +2E A4S dart gl7) il &
o8 ) PP Y A9 YA BE 259
dAo] mf-2 =A H}, HZo ARE-E= WEEA Fof
A9 IAe FHL AHRH WwA] 23] 2717}
7ragtell W} RTP (rapid thermal process)e] AHS- 11

E7hES AS % 4 ATHD) Wb RolH AFE

LT A=
& FUET} ¥ HH 7= FAM RIP} 7P @
TS A W oA F N 2DS BF WEY
e FRE SAS BAAZ A4 uh} 5|EQ
& % ITH3-7.

= S

I

=

3
i

:‘,:
3. grednel M= E

2 AR 7l &7] At vheA)
T3 22 e 29H 3 A2 S
71&g ol gt A Feta, W74, AEH EHE 2
At HEARRE A S 2R $ES
o] g3l o, 71 B4 gFulvel deZF st
& AT HEER L 2= A s ¢
BE AN5H HAE 7ok AFLEN AZeE /A
g 4 gleunz ERH silicide?] #F phaseE 2=
£ 3o, A2Ed 259 dEEdEe 7P A
d A8 dEiA Utk 8RS o83 vt
AMae BFY 35 Mo) Ed59 Aol =
(Mossilicide)®] 7 7HZ vro] 43S I3kt
Silicide B3 Aol silicidationo] Hot Y3l o] F
o} F UEE 7|ALEE 400°CE FABIA o, T
2 F 2x107° torr®] XF F917] okl 900°Cell A 20-
60F A= AU, o] A £ MoSi,
phase’t =70 S8 222 delA Qs8]
H, F& vhute] Hgolle A2olA F3o] o] FolA
o} &3 AbstE ] 4 o] T A AF=e o
2x107%torrE A 314 th B4 £4]2 secondary elec-
tron microscopy (SEM), Auger electron spectroscopy
(AES) 5% AHgste] et on, slee] 542 4
point probeE AHS-8td HA Y = WX S S48t
i, 3 th7] FollA z+zF DC power supply S}
thermometer & thermocouple-2- ©]-8-3}] A 7]l 4]
of & 2SS SA AL WFL silver pasteE

olgste] Fysiglon WIA 7t BATOR Qo 9]

O LA
TS

3L al
o =

£ A% ol5S 44 § A3 BTk Mo
AR 2 AR A B HPOR AR 4175}

b4t

o}.

b A g 815)R) A2 A43., 2003

4. 8 21t

4.1. Mo-silicide A|®
Mo-silicide 822 2714 #2222 A ZEHQth 2,
&5 TG e Fxo tpEdhahel] 93 silicide

- =

e N
j=1

3 vhEhatole]] HFS SHsle) AA 3E AR A
e-chuck™ Z& wafers I3 A17]7] 918 7S
3 25 A EY AdHe g SipNE AR
Z9} SiO2E AHES 72 Y AU E 3AXAS 7
ZE gelstr AFStA . 4-point probel] o1& A7}
=4 A3 A T wehe] HWA g gho] ke A

£ BIY 5 ATk T wete] SR A A
& 3t R0 9 Mo) ¥ 530 - om

9} Mo-silicide®] B A& 3t 18 pQ - cm€b= B2 xpo]
£ RAFA o] g 2ol 9 ] Rfpole} gt
silicide® 42 o152 £317] fjE o= Fdec} E3F
A AlHAM e that 22 FAF o] FaE AT
@ Bare Sicll Mott Z&¢H 749 1000°C, 1417 €42
Al greto] AR 3L @ nitride ¢ multi-layerd] 7-3-
1200°C, 1A17F @412 Al gheto] BiAF T}, 314 heat-
ing 8% 279317] 913k B AgoMe g A
2} Mo} 1000°C, 20 min €312 ¥ A|H-2 DC Power
supplys |83l AU Arsled IEEN Y 7154
< Agsiarh. 23y vheat 22 ZAH ] =AU
t}. @© Bare Si 9ol Movt S2Hl Al 2] 79 heating
Al wralo] BIAX A, D nitride 2 oxide A5 multi-
layerE FAdg Al A9 FAF AT A AlE

v 7} A

4.2. E2|54H (Mo) SH4a} A|H
27 w&ue AlE ] A 2A A Fx
2 A&t o] wl 71 Aol &3 A E(Si)
719 7¥e] whg-S A A]8}7] f18te] Si nitride (SiNJ)E
sk 27kK] FRE 4 Mo 348 93 F
T2 (7x 172 Het B4 A S50 AskE
w2187 915 A 2o 2 i nitrideS FE3F TR
(“FZ 272} THolth. Table 1904 E= v} o] A3}
A 27 Mo7t &€ 7§ "HAF gho] A5l
nitride 2o] A= A9 gle Aol Ak Aol &
ettt AR E ek AeEgiotE Mo vk 4
el gt F4ubete] opd AR o] P 9
& 7FsdE wiAlE 5 glout ole @ o Hrhs Bt
glo] & Az FAET (FF D AJHL silicide
AEe] Agolxel Astel o] Al Ak visiw




|A JA371e 33

Table 1. 2] =71 th2 v)A g 233,

<TZE 1> <TZE 2>
. 1000°C 1000°C 1000°C 1200°C
QA 2 asdepo. © asdepo.  900°C, 20 min. ’ ’ :
212 as-depo 60 min. as-depo.  900°C, 20min. o i 60min. 60 min.
4-point probe 39.64 pQ - cm 505 uQ + cm 88.5 Q/f 13.4 Q1] 13.4 QM1

L& At A Alde] wete] YiAX = A4E A%
& 5 AW (2 29 A9 271 9AF ol =
YR Q& STt A1l AS Ak A7t
Al silicide W&} (72 D7 3 AFE HlwdoE 3
2 A4E WA o He AR s A A
& & YUtk 2 AlEo] ) 5A] o A
APA7EE W= Aol 3} A7A7F 2A e
BEY AU B Fo2E WA SRS R
T AU (T3 2] UL oF 25V o]Fe] At
A7hE o FAR L5 A3t AlEe] Heto] S

g AEL 5 AU ol SellM FT A

_‘

il

fate] o] FEol ¥ Hto] 171l wet ofu
WelE doglo ey ko] F4 uhate) 744 At}
& Aol AFA Hof F48 L& e viute) o}
H7F doluke Aoz Aad = ). vuto] vy
Aol ThA] M Q7F Al AFIF BEX] go] #
FAch & AR A wuk ojy s1e) A
T3 77 7F dolFoza F4 a7 E £
& Ao WEED E3 Ao F&Y L= F7h|
of3te] AJHe] S AL 47 whate] A= dA
o] WAlElTh olu Aol Zupxl Fio] HGR o
nitride 72214 F483H B H3ES nitride ¥}
A B Es AUAE GolHE Ut} Fig. 12 heating ¥
Srep o2 7h A A S SEMOE wHS £4%

Fig. 1. € MZ9] SEM ¢HE,

Aot} SEM £-4¢] vt ulel o] AdelE A
9 257 g3 E AS dEE 5 UG w5 A
3 Addto] 7|Ha £2]E ulREe] oA 3
Aot BElHo] e Aol BAFHYo 4 Fd
@ie B2 FEo] WolAA egel HEAFAY. A
AHNZHEH SiNGE A0 AG- A] SEZM 9 A}
£o] o]H g A0 FFHEZ SiHNE AT 28
HAgto] ERi=ojol & o7 Hetet

S, Sk Al AYE AVF A AF w2
T} o= AN A8 sshe RS TEsIdh
olgd 2xo FA% 4% F A/HYS Rt
Al 29 J77T A 524 ¥ 3is 338 F
AATE o]F AL FEutke] R £ F40)
old th& EZo| EAF] WELE dAFHER o]&
FB2317] 913l AES depth ¥41-& 4819 £4
A3 B F45448E0] EAEE & 5 AT A
e7tell wpE FAFe] A7 ol Ax FrleiE At
3150 T F L contact A Fo] FolA F&ET L83
0] 7Fs3lHd Aolth, 2 LxolA FEadture o)
7] F9] Atast At vier A7} AEER ¥t
A "otk whgbA A7FgE W A SEidEle
2belEe] Aol VT & AAZ AF7E 2EA oA
S ¢ 4 ANk Fig. 2= W7] SollA AlHe DC
powerE U7He Ao EAARE HAFE o=

0 ' sr[n 1000 15'00 2000 ' 2500 2000
Etch Time (sec)

Fig. 2. 4% &< 52 S5 e AES ¥4

ZE)

Journal of KSSET Vol. 2, No. 4, 2003



34 £

Tl WL WHpslet.

4.3. H2H2] 71 2io| 3& AZIAOI= A

Boll M Med A 7P & EAMORE 79 9
o $&E ddute] & AH | oste] wGultuto] 7]
3} FElE o] dojuhs (peeling) /3ol whebA
AgoMe Aol Yoy AA] 43 ke
2 713 A8 "AA=Z 31 3|EExE AlZsint
S, HEAH 2 ARG FEE0] 29 Aol W
2bel7hE S FES £ U)ol B A= A
7} & dojuA] g EAE ARSI 013 ol
2 GFu (ALOy) MR 713 Aol ZE delAtel
T (Crsilicide)& 29 E 8t 11 £4-& £439th
2HEE Fo] TEA=Z 2 SEM B AL Fig. 3
3 o}, AgAEAe| =] AW A% A 24
< A8 HE HI-H7)el wet o33 2.

<sputtering 71>

H1-5 mTorr, 30W 80&+40W 5% CrSix

H4-10 mTorr, 30W 50% CrSi, target

H6-10 mTorr, 30W, CrSix 30%+Cr 10:%-+CrSix
30%+Cr 10%

H7-Si 30 mTorr 40W 10%-+CrSix 10 mTorr 35W
20%-4Si 30 mTorr 40W 102+CrSix 10 mTorr
40W 20%

<sputter chamber €318 271>

H1-450% 30% 10 mTorr Ar

H4-400% 30% 1 mTorr

H6, H7-400% 30% 1 mTorr 23]+450% 30

10 mTorr Ar

(H4) CrSi-1 ym
(H6) Cr/CrSi/Cr/CrSi-1 pm
(H7) CrSi/Si/CrSi/Si-0.5 pm

ol o] o 93 Fuld FEZ] ¥4 E SEM
=73 A=2H Fg3le] 2 olefle} 2t}
o Mg AUl g AeAl7|A,
T Fo| A A9 e, 2 A3k Fig 49 72
th 2HAA CrSie 248 2= Al (Figdll CrSiz
EAE) 9 Agke] Wsh= 550°C 744 20% oWio] =
= AL Y g Aok g AJER AS- (CCrSi/Cr/CrSi
2= CrSi/Si/CrSi/Siy= A1H 2% 500°C] # ol A
A8} gholl B2 sy HAEE £ 5 Uk

rN

54 E

A Aofr} 7¥esd Yud BF8 e E MEslr]
A3t A2 8lH F2RE AT o] 3|EL] &
dEZ L 943 WeA o] EFEAR o)F x| 1, vt
=ho] FelE 7 dlEo|t}. o] & 5t 3E 4o
A8, 4714 E4-& B2 319 94, 3|8 72+
Z& A|t3la HASGT) 3 TR YEFA,
713, 2E dFo= 2R, 7} Bie 493 B4
& BT 37 ZH & vl St oF g}, ol A
71 8% DB = F O Hoj glom vl
A Az7)el &9 Ee A F37)e o5
Azt 38 o] HIAA = Ao} G448 EF
g EAR ool YAl e He &L, g5oEe YT
3 ZEL AR st A&, 1713, A5H 54
< B3l 2R Hd A 718 B2 el
, AER] ZAfole GFrUE ARSI 2EER
< REY S Ee R e AEH 7xE
FA o AF o TN MIAEE FRE = Qlong A
glAlo]|=9] FF phaseE ZEE 3%Th o] F2RE A

i

o]

ric

26 4 RTatRT o
1 Film sonalumina plates I
2.4 ]
: !
22 - |
N . I
8 i
g 20 ;
20 !
$ 181 CrSUSICISI/Si ;
o 1 rSi/Si/CrSi/Si ) i
=164 Cr/CrSU/Cr/CrSi |
c L . i
o 4 CrSi i
T 14 i
& i
1.2 7 F &
1.0 ’
0.8 -
0 100 200 300 400 500

Heater Temp. [°C]

Fig. 4. A3l = 2EA9] 2E-AF 54,



Qg FF & $IA e 35

Y F&0] FFEAZ = 7MY A AR Y on a Thermally Isolated Microstructure”, Materials

A Yot BEA g EEAGAFE AT oEN Research Society. Symp. Proc. Vol. 276, p. 277-282
gel AP} b, 99 Fajed A% el 2 . S

20% o7} El= A Be] ARres =590 . Gregory, T.A., “Kovacs, Micromachined Transducers

Sourcebook”, McGraw-Hill, p. 855, 1997.
5. Kamisuki, S., Fulii, M., Takekoshi, T., Tezuka, C. and

n’:l'*l'gl = Atobe, M., “A High Resolution, Electrostatically-
Driven Commercial Inkjet Head, Proc. of IEEE”, The
B o= 203U % AGAGE A7 eA 8541 13th Annual International Workshop on Micro Elec- -
< 23 Aol s o]=e)A 73 RISy tro Mechanical Systems, p. 793-798, 2000.

6. Tseng, F., Kim, C.J. and Ho, C., “A Novel Microin-
jector with Virtual Chamber Neck”, Proceedings of
IEEE, The 11th Annual International Workshop on
Micro Electro Mechanical System, p.'57-62 1998.

1. Mieno, M.T., “Yoshida Preparation of Cubic Boron 7. Beeson, R., “Desktop Inkjet-Redefining the Compet-

o=

rok

Nitride Films by RF Sputtering”, Japanese Journal of itive Landscape”, Proc. of the 9th Anuual Ink Jet

Applied Physics, Vol. 29, No. 7, p. L1175-L1177 Printing Conference, Scottsdale, 2000.

1990. 8. Murarka, S.P,, “Silicides for VLSI Applications”,
2. d&A A A] A 2AR] YR, A, 2000. Academic Press, Orlando, 1983.

3. Oh, S.J., Chu, W. and Cahill, S., “Thin Film Heater

Journal of KSSET Vol. 2, No. 4, 2003



