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ABSTRACT

Ni-Mn-Co-Fe oxide thick films were coated on an alumina substrate by screening printing technique. The microstructure and
electrical properties of the thick films, as a function of composition and sintering temperature, were investigated. The components of
the NTC thick films sintered at 1150°C were distributed homogeneously. On the other hand, in the case of the NTC thick films sintered
at 1200 and 1250°C, Co element was distributed homogeneously, but Ni, Mn and Fe elements were distributed heterogeneously,
resulting in the formation of Ni rich and Mn-Fe rich regions. All the thick film NTC thermistors prepared showed a linear relationship
between log resistance (log R) and the reciprocal of absolute temperature (1/T), indicative of NTC characteristics. At a given NiO and
Mn;04 content, the resistance, B constant and activation energy of (Ni; ¢Mn, (Co,_Fe, )0, (0.25<x=<1.0) and (Niy;sMn, 55Co,_,
Fe )0, (0.25<x=<0.75) thermistors increased with increasing Fe,Q; content.

Key words : Ni-Mn-Co-Fe oxide, Thick films, Screening printing, NTC thermistors, Resistance, B constant

1. M = YA 7Hvalence)E 7= Yol Atolo] EHo =z A

39 Aste] 53 (hopping)ell & o™ Az &

AgH o2 AMEHE dF-E NTC Avl2H AE= el i3t Age] 2= &AL ol A& Arrhenius
AB,0,8 299 #+2& 7= MOy, Co304 NiO 59 sy 2o o8] & Ag@ch?

Aol 24 2stEe] gAY NTC Muj2EE F2

ex 27 ¥ 24, ge W3z na, HYdFY o P~ Pexp(BT) M
A2 9% 222 ALSHEDY YnkH oz NTC Ap|A A7NA p,E F-3F 2EoA AFe) HIAE, Te
Ele] A7) AxEE A9d £z gHA A g T, BEgkE B B, ¢ A71AERE A8 843 oy
A 23 ke B29 ARo|th Ni-Mn AHSHES we 4
eAF fEe) SHF F5& T3 glon), FLdN IF

fCorresponding author : Kyeongsoon Park

E-mail : kspark@sejong.ac.kr gk 2l da) ARggnh”? Agel vl A B A4
Tel ; +82.2-3408-3777 Fax : +82-2-3408-3664 z3Hma) ol A4 gl NTC Mul2~Ee Az= 9

-912-



Ni-Mn-Co-Fe A5} 31t NTC Awj2Eje] Az € 4718 54 913

st NTC AU]2EHE NiO, Mn04 Co0304 Cu0; %
Fe,0; 59 thdAl7Hmultivalence) Holads AsHEE
}‘6]%‘:]'.14-16)

NTC Mul2El+ ¥39, vely, SMDY, 3943 &
2 A2 ¢ U g=ay SAAe 540 E4Ysl
2, 9=y AAAe 5498 Aeka, T3 SMDE A
n2ge Az Y3t 2rte) izt desit v
o, £58 NTC Mul2EHEe 44, 54 ¢ Alz9 &3
A oM AFE EAFC] P FL& LAt 19
U, 3948 NTC Mu|2Ee d77F 3831 o7
da] iR gk, AHgo] dhskA] Ralrh Mu|s
B AT aAREE 294 7x e Yol §
2o 2218 Ao dge A A7) g, B
A7 E o3 2AH AL =NA FHE Ni-Mn-Co-
Fe AH8}E NTC AU|AEHE 238 ZHUYYPOZ A x3}
o, 243 2T} vlFRd H71H EA vlAe

Fol thate] AT3IAT

[e)

2 Ay

B AZgME 99.9%9 £EF 7HAE MmO, Cos0,,
NiO ¥ Fe0; #2& ARE-3l] (NijoMn, (CoyFe)O,
(025<x<1.0)%+ (Nig7sMn, ,5CoFe)O; (025<x<1.0)
NTC %2 X u|AEE A Z&YtHTable 1). AAIS 24
gz ABF 2Ug 2447 T £ Z 3 (ball milling)st
o 33Tt 2 & 80°Ce] LEOIA 12A|17F & A=
aa 25014 AE EHsteE LS ARSI AAE
Fut Fo|2EE A2y Y3t FHIF F2t /7] Bt
oy E EFSIYUT) 80x9.0x0.38mm H7)2 LFuL}
715 gl ~10pume] WF AFE 23U ZULHS
28 3P BF AFLS Ao A2 F, 800°CIA
1027+ 7Hgsiginh. g A €3 719 Ao &
o Ho]2EE IYSPTh 2 F FHo|AEE RN
AZBEAL, 1150~1225°CE] =904 A7 B3 7HE 8k
22384t} Fig. 12 B AF7oA AlZg NTC F9 A
o) AE e LS BoFT th

NTC AMu|28 Futo] AFtz2e X-4 34 (XRD) &

Table 1. Samples Fabricated in this Study
Composition

(Niy gMn, (Coq75Feq25)04
(Ni; gMn, (CoqsFey )04
(Ni; oMn; (Coq 2sFegr 5)04
(Ni; gMn, gFe; 9)O4

(Nig 7sMn, 25Co0q 75Fe€p.25)04
(Nig 7sMn; 55Coq sFeg 5)04
(Nig 7sMn; 5C0g25F€0.75)04
(Nig 7sMn, 5sFe; 6)O4
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Fig. 1. Schematic diagram of the NTC thick films prepared in
this study.

Alumina substrate

Fig. 2. (a) Cross-sectional and (b) planar view SEM micro-
graphs showing the thick films of the sample B sintered
at 1150°C.
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Fig. 3. SEI and elemental mappings of sample B sintered at 1150°C.
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Fig. 4. SEI and elemental mappings of sample B sintered at 1225°C.
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Fig. 5. XRD pattern of the sample C sintered at 1150°C.
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Fig. 6. Resistance R versus T plot for the samples sintered at
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Table 2. Room-temperature Resistance, B,s;s Constant and

T Activation Energy for the Samples Sintered at™ 1159,

1200 and 1225°C

Sintering Room- B,sgs  Activation
temperature Sample  temperature constant energy
‘o) resistance (kQ)  (K) V)
A 2704 3309 0.284
B 6401 3399 0.292
C 14600 3688 0.316
1150 D 47200 3726 0.320
E 1641 3356 0.288
F 3517 3409 0.292
G 14800 3741 0.321
A 904 3278 0.281
B 2225 3398 0.292
C 5407 3463 0.297
1200 D 25620 3515 0.302
E 709 3367 0.289
F 1401 3475 0.298
G 6499 3589 0.308
A 5990 3555 0.305
B 11360 3633 0312
C 20590 3864 0.332
1225 D 59500 4132 0.355
E 6390 3663 0314
F 11070 3842 0.330
G 39600 4125 0.354
5.5
O A
® B .
L 0 C n
5.0 B D . ", a
o E 2
. F - ] a o a
45F & G a2 o
= a o .
.. s A a =] . [ ]
—_— ... A s a a [ ] ¢ ° 8 8
g 40 ..l AA o =] ® 8 o
= L N Y
(14 " 5% s * . 8
8 35} = a® 0% g% g8
] a2 B :g 8
o .® 8
A 0 .:0 88
4 o n.:. 98
30F a . :o.ae
a
[ : ¢ o®
25} * ° °
°
2.0 i - 1 L L i 1
24 26 28 30 32 34 36
1000/T (K
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Fig. 8. Room-temperature resistance as a function of composi-
tion for the (a) (Ni; Mn; (Co;_Fe, )04 (0.25 < x < 1.0)
and (b) (Nij 7sMn; 25Co;_Fe, )0, (0.25 <x < 0.75) ther-
mistors sintered at 1150, 1200 and 1225°C.
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