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ABSTRACT

The Characteristics of NiCr(80:20) Micro-heater

prepared by DC magnetron sputter

Kwon Yong
Advisor : Prof. Jin-Seoung Park
Department of Materials Engineering

Graduate School of Chosun University

NiCr thin film was deposited by DC magnetron Sputtering on Al:O3/Si substrate
with NiCr(80:20) alloy target. NiCr thin films were annealed by two annealing
treatments. First, NiCr thin films were annealed at 400C, 500C and 600C for 6
hours in air or Ho ambient, respectively. Second, NiCr thin films were annealed at
3007C, 4007C, 500C, 600Cand 700C for 6 hours in Hg after annealing at 500C for
6 hours in air atmosphere, respectively. To analyze NiCr thin film properties, the
changes of its micro structure were investigated through field emission scanning

electron microscope(FESEM). X-ray photoelectron spectroscopy(XPS) was used to
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between a NiCr thin film and a Al:O3 insulating film. Resistance of NiCr thin films
were measured by four point prove technique. The generated heats were measured
by infrared thermometer through the application of DC voltage (5V/12V). NiCr thin
film showed the small and uniform particle distribution in air ambient and the large
crystal growth in H: ambient. After annealing, Cr elements existed the inside of
NiCr thin film, whereas large Ni elements distributed around the surface, gradually
decreasing inside. Maximum temperature generated heat by NiCr micro heater was
173C. We expect that our results will be a useful reference in the realization of

NiCr micro heater.
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Table 1. Composition and maximum temperature of alloy heating elements.

7 B | NOR | GO | Fe) (A M) | k) | e | Bt
Y3 g1 |77~79|19~21 |1 o|&t | — |259]8 | 0153} {20°]8 | 1,100
YaE2% |5%6~65|15~18 | UoiA | - |15°]3} | 0.20°]3} | 20 )3t | 900
A3F 13 = | B~6| 4o 14~6 198 |010°18 | 30°I3 | 1200
A3E 2% = [17~21 { YA [2~4 | 1e]8t [010°]&} | 309} |1,100
Table 2. Characteristic of unalloyed heating elements.

TR | 493 = . g2H B

+E2E(T) | 1,768 2,610 3,380 2,386
A&HE( ¢ Qem)| 106(20(C)) | 55(0(CY) 55(0(C) 125(20(CY)

S o2 Z = ol= 2 x| ola =]
w3 w158 | e s | 240 3
= A7HR b A AR, AT F| A A, AF F| = 247

17007k ¥4 | 2000(CI7HA) 4F | A ¢4
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A 2 A, Mu ~¥ (Thermistor)>>"

2.1 A v 2~¥ (Thermistor)

Aerel dhe o] thE A AL Mu ~E (Thermistor) o] tF. A 1] 2~ ¥ (Thermistor)
= Thermally Sensitive Resistor®] A2 %o W17+3d APAES L3y = 2o

<= W= wiZeA 9FS ol Aol FUEAU FHATH. AT AE

(Thermistor):= E WA ~E 9 32 &EHA 2u=2A o] = Ex7)9 2% o]

= 24 Toll o7y AMEH I v AP 2ETF THA = AF-2 =S54 s &9
L= A4S Ad NTC(negative temperature coefficient) # W] ~E] 9} %o L E=AFE
A PTC(positive temperature coefficient) MW ~E 2 FFE vl 22/ ofH =0
LastH A7 Adkel A WskeE CTR(Critical Temperature Resistor) # 1] 2~ E 7}
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Fig. 1. Temperature characteristic of various thermistor.



2.2 M 1] 2~ ¥ (Thermistor)e] 79 &

221 NTC(F+E54) Al ~H

3~-6%/Keo|tt., drkA o2 Mn, Ni, Co, Fe, Cu 59 o] #&4ts=

dhol, 240 WAow HRD F 1200~1500C) LA 2AT BT 43E Mg
Mrola, 1S4 AREYS WAAA o= A W WA AA gz
S 9tk NTC Aml2He Ag-LESAe wEs 24204 dgdon v 4

A,

R = R, exp B(1/T-1/T,) (1)
ol 7]l A, R ¥ Ro= ZH7b 2% T TJ[KIY wWel AFAE et T, vy o
2 29815 K(25C)& 7+ o & 3t 457 wrh 2 1A & 4 kel 19 20 v
Ebyh wpe} o] AXMAAE zta, Al Fujrt B Aol A@sie Bo g thS A
o2 vepd 4 9t

B=(nR:-1InRy)/ Q/T2 - 1/Ty) (2)

ots WEA sl delA A 2= AAle A= Aol HA F7] wEol

2 vehdc
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Fig. 2. Theory temperature characteristic of NTC thermistor.
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BaTiOJ

(Ba, Sr) TiOy =—— | ———(Ba, Pb} Ti0,

107
108
105}
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<= (°C]

Fig. 3. Resistance — Temperature characteristic of PTC thermistor.
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Fig. 4. Energy band model of interface by Heywang.
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100
a=36%/deg
Ts=105"C
D=1mW/deg
10t T.=20"C
S
=
7
1t
0.1 n .
0.) 1 10 100 1000
AF (mA)

Fig. 5. Voltage — Current characteristic of PTC thermistor.

60r 110V

100V
S0 90V
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Fig. 6. Current — Time characteristic of PTC thermistor.
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2.2.3 CTR(&F W)X 7] 2~ F]

CTRICritical Temperature Resistor: QA== (EA42) AIA]S Aol A 2H
(crisistor) == ¥ Mol 2g€# 3. Lo vud =& AIFANE 1A AFS
FHRATI7] AHATN 2 E FAA R FSAA AT 27 HAS W A3l 7
271 Zadte AFE g4A T AuE 545 A dv CTRS As4 e

Aot VOA 9 AgeSAZE sl=d, a4 A83 Ho e A2 tiiE VO 0

£

. 0] VOA CTRZ V2059 P20s5, B20s; 5 9] 4FstE % BaO, CaO, SrO 59 4hs}

o

o EgAE FYYoR S, o7ld P AFow AYd Y 297w

=
22N F FHste] RbEon. CTR AV 2H Y AFd-2=545 29 79 veEbd
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Fig. 7. Resistance — Temperature characteristic of CTR thermistor.
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Table 3. Characteristic of a conductor(Temperature Coefficient of Resistance).

p=0(TINAe | (o) 25 A4 &
2 p -
¥ i é%s‘}‘ 713 | [c—;j‘n"};‘}’i‘] e [oC]
¢FolF "4 (Al) 17 0.004 660
ehA £ (C) t 1 —0.0003 3000
ZAElE) 55% Cu, _ 295 o®E) 1210
45% Ni, ¢3 _
+2 24 (Cu) . 10. 4 ' 0. 004 1083
& 4 (Au) ! 14 0.004 1063
A Y4 (Fe) 58 _ 0.006 1535
2}7hd 84% Cu, 12% Mn, 270 0(3F) 910
4% Ni, 3 . g ‘
Jas 65% Ni, 23% Fe, | 676 - 0.0002 1350
12% Cr, &3 ]
k! 4 (Ni) 52- . ]-.- 0.005 1452
& 24 (Ag) S G I O X 961
#a 99.5% Fe, 100 »=" 0,003 1480
0.5% C, &%
By . A4 (W) 33.8 - 0.005 3370
o v FALE] Fo4H 9l
t R4 FE A3k zsoo~7soosﬂs| Aagkg 7
T Ych FAE a9 dFolc}
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Al 3% DCPlaAMEE AW EYPoZ AZXF NiCr
(80:20) P Al A A 9

FEAEE WFEA 2 SnOs, ZnO, W03 55 #AAEAZ AME3to] ¥7] 59 CO,

Rl 91‘:}.15717) E3], A9+ 49 A (electrical heating material)9] 3 <7< NiCr
e Wi Astd 2 U FEAAd o] Fof A E wEARA dE AF§H o] o,

Z ol = chip resistor, micro-heater ¢ A&z A17 AYPHw g B Nicr @

Foete o 432w A4 (TCR; Temperature Coefficient of Resistance)9} 2
Ag 2 e b EAS 2] Wi AZE AFgTd AAFE Ho] S8

AT NiCr @A Cr Fol F7heel wal WAR TS nfA o] FrhahA

olf
rob
=
=
=
v
8
o
-
S

i glew, Si WAZEETIES ol8F JAS 9 giEgte] b
electron mechanical system)®] @77} Hal ol x 3 gl ol wel AAAR =
< WEA AsR AREEr] A% Fw Almse] wrHE A AdEAa Q)
2 T3t NiEY Crd e 719 Aol
= Qi Alxd v A AdA ] e dAHS 2] e HIde Fr o~
7 H (sputter)™ 2 NiCr a9 Azt oo™ wme gt weAs 74~

AAEE n7be] AFE 229 P& AFAZ Agata dob’” Azadaxtse A



ERAADL FAAT7] YA E olye 17t Pt HEAES UAT 5 U= A

it
Mo

A7be] wA BIAE Az 9% Ay 28E gk 2 Ao DC v

5
<
[m
rhu
[>
&
Anj
f
o|\
By
o
e
t
>
ofo
_O|L
£
Z
O
M

S FEFA(80:20) 0 & ALO3/Si 71

¢

- 21 -



NiCr ¥ets Alzxst7] skl NiCrel H]7F 80:200] 3L A &¢] 2-inch?l NiCr &+

mlo
P
s
-
oft
1o

>
i)

ERAlS ARG T NiCr ¥hebs F2Fehz] H &l (100) 3akA
AARE 71FoR AREsAa, 7133 NiCr whEh Aleo]o] Hads 938le] ALO; #He
E-beam evaporatorZ ZZ3}lth AlLO; A9 Fako] Algd T39S BEid 4F
nu A& A (99.8%, Aldrich Co.)E AFE3F% 3, E-beam 39+ 8.04[Kwl, d#F+ 50
mA ZGEjel A AHAE 3 scem EHFH 9F 120nm FAE ALO; AARE S 26
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Table 4. Deposition condition of NiCr thin films.

Parameter Condition
Substrate Al,O3/Si-Substrate
Target NiCr(80:20) alloy target
Vacuum 8.0x10Torr
Ar Gas 50scem
DC Power 450V, 50mA
Rotate(Sub.) 15rpm

Deposition Temp.

at room-temperature

Deposition Time 45min
0505 051
r o
=]
£
=
£
w
S =
S
< NiCrAHeaIer
w
()]3
— | | — Al203
0.7 5
% ¥
Pt-wire | Aupaste

Fig. 8 The pattern of NiCr thin film heater.
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(a) (b)

Fig. 9. FESEM surface images for NiCr annealed at various temperature for 6 hr
in air.; (a) As-dep., (b) 300 C, (c) 400 C, (d) 500 C, (e) 600 C and (f) 700C.
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(e) (f)

Fig. 10. FESEM surface images for NiCr annealed at various temperature for 6
hr in Hs.; (a) As-dep., (b) 300C, (¢c) 400 C, (d) 500 C, (e) 600 T and (f) 700TC.
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Fig. 11. Auger depth profiles for NiCr thin films (a) before annealed and (b)

after annealing at 500 C for 6 hr in Ho.
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Fig. 12. XPS spectra obtained on NiCr thin films; narrow scan of (a) Ni 2p, (b)
O 1s and (c¢) Cr 2p and (d) Binding energy.
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(c) (f)
Fig. 13. FESEM surface images for NiCr thin films; (a) annealed at 500C for 6hr
in air, and followed annealing for 6hr in H- at (b) 300C, (c) 400C, (d) 500C, (e)
600C and (f) 700C.
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(a)

(b) Rims: 1.336

(C) ms- 49.197

Rims: 9.530

Fig. 14. AFM images for NiCr thin films annealed at 500°C; (a) before annealing,
annealed (b) in Hs ambient and (c) annealed in Hs ambient after annealed in air

ambient.
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Fig. 15. Grain size distribution for NiCr thin films annealed at 500C; (a) before

annealing, annealed (b) in H> ambient and (c) annealed in H» after annealed in air.
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Fig. 16. XPS spectra of NiCr thin films;(a) narrow scan of Ni 2p, (b) narrow scan

of O 1s and (¢) narrow scan of Cr 2p.
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Fig. 17. Auger depth profiles for NiCr films annealed in various annealing ambient;

(a) before annealing, (b) in air, (c¢) in H2 and (d) in H: after annealing in air.
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Fig. 19. Consumption power for NiCr micro-heater as a function of the increase of
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