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Abstract In order to study the NTC thermistor that can be fired at low temperature, the influence of the lead free glass
frit and RuO, addition on the electrical properties of the NTC thermistor of Mn, ¢Ni;,sCo,,0, basic composition was
studied. The sintering characteristics of the specimen sintered at 1000°C with 10 wt% frit added to the basic NTC
composition were similar to those of the specimen sintered at 1200°C without frit. However, as the amount of frit
increased, the electrical resistivity and B constant were increased. In order to reduce the resistance, NTC thermistor was
prepared by adding 0, 2, and 5 wt% of RuO, to the composition containing 10 wt% of frit and sintered at 1000~1200°C,
and sintering and electrical properties were measured. The electrical resistivity and the B constant tended to decrease with
increasing RuQ, content. However, the resistivity was the lowest at sintering temperature of 1000°C and the resistance
increased with increasing sintering temperature after 5 wt% RuO, addition. The NTC thermistor sintered at 1000°C with
10 wt% frit and 5 wt% RuO, in the composition of NTC showed similar electrical properties and sintering characteristics
when sintered at 1200°C without added frit.

Key words NTC thermistor, Low temperature sintering, Lead free frit, Ruthenium oxide

A& 22% NTC Anl2ee) A 9 54

T

ghdish Fulsh AaAlEs, o, 34158
017d 1€ 219 ")

(2017d 129 4 AR

(2017 129 8 Al &)

2 % ARoA 2ol 7Hee NTC AMH|2Ele] AZRE 913l Mn, ¢ Nij,;C0,,0, 718 28] NTC A m|2=E ] 714
B4 v FAA ZHE(frit)et RuO, H7e] FaFol] diste] A3ttt 718 NTC 2449 ZREE 10 wt% 7tk
1000°Col A &ZA3 AJHe ~ZAEA 0] TEZS HI/ISHA] ZL 1200°CoA 2723 AlAZ FA8G T 28y ZEEL)
A7tgol S7HEFE A7 AYH B AFe =4 UeHth AdS 2EF7] 93l ZIEE 10 wi% H7HsE 24 RuO,E 0,
2, 5wt% F7Fsted 1000~1200°ColA] 273t NTC MPIZEE AZR 3 & &F 9 W73 54 43T Ruo, A7t
ZFol BETE WA/A%F B Are Hihdste AFS YA Y, RuO,E 5wi% H71ste] 1000°Ce] &~d2EA &4
g 2A4A 7 Aol P ERAL o)F AL E FUt] wel A e5|E Friste AEFE UEMATH 718 NTC 24
o] 10 wt%] ZEHES} 5wi% RuO,E 78t 1000°ColA] 248 NTC AMu|2E7F ZHEE H7lehR] 2 7|8 =24
°] NTCE 1200°CellA &A% Ao 24547 1714 540 AT

.M B Fo] 25 AlA 7o wdol FQasl A3 AT,

2]. IEC(International Electrotechnical Committee)ol th

42} Ao FHo 7 UiFEE AREUHUI0T), EW AAME <59 e &7 sk WS ARE-s)

A8 Asak B 2L 7]se] wdd] wet gekst 5 7l Ag [714 AlsE Wsks) = dReial Ao
37

skaL qUTh3]. 2 & 2=ol weh A3e] Wyt et

c : £ 2EAINE Mu]2<E (thermistor)gtl 3PH 2 F7Fol
orresponding author _ - "

E-mail: koobk@hanbat.ac kr = 259 Sl ugl Aol S7Fk= PTC(positive



Fabrication and characteristics of NTC thermistor for low temperature sintering 29

temperature coefficient) AV|Z=E 9} 2 % gto] 7hAs
3= NTC(negative temperature coefficient) A1H|Z~E]7}
ATH4].

AA NTC AMu|=Ble @5, oo, AFsxhe 53
o] &AM feE R2ERAAY  FUKIAHTCXO
RFEES 2LRA3|2 Fof AR UATHS]. NTC
AMPIEEE 2RSS o83t EE RIEAZNE o
Al YR o2 Mn, Ni, Co, Cr, Fe &< Zold4
AEtES ol8sle] Axsi o]EEFE] AB,O, 3HHE
Zhe 2ud Ae] 28k A 58] (NiCoMn )0,
(NMC) 24o] 7 978t NTC 54< Yepdtia &
2 ok =3 gekel 548 7] 9151 tetrahedral
A A9} octahedral B A}2lol] tfE A E| o] ol
= Agksh= A77F &Es] gL U6

AWHAQl 239 o] NTC AR|2El= 1200°C ©]de]
AN st oIt 7). NTC AMv|EHe Az
el wEh Hay, $9Y Te]i o i
olF FUY Fv FHHZ FAHS o83 FHLF
@ NTC Anl=H e 913k e A57F 8=
Aet. ol= tF Aol 7k A 34 0l7] wEoltt
[8-10]. T3+ Al2ty] e EEF MEMS(Micro-electro-
mechanical system)l4] LTCC(Low temperature cofired
ceramicsy'd-S 9k A7F P UTH{11]. ©l&
ABAE 1000°C olake] =of|x &do] 7hsgh Av]
ZE9] 24 7ol Fasttt S. Japtap 5-[9] RuO,
E 0-55wt% F7kete] FEHO|AEES A|xdt] LT
v} 7]l Q1Ete] 850°CE A3t 548 B3t
Fed 2A4A9] mAHTRE Hol Aol Z oA
BUIL 53] 27H] RuO,E Bol F7lstdm Zdellx
o] Agto] A Usith wEbA AdeollA wheA Anls
HZ AMEE7] fl8lM= RuO,E 40 wt% ©17F 371sted
of githal A7t ol Ao Adg At B
7ol o Sl 3l

by B AFeME A2oA o] 7Fsd NTC
Ar2=E S 918 712ATE M, Nig):C00,0, 2
3] NTC Am|Z=Eje] 79IA] ZREES FHrlste] AFL
£ 95a ZPER QI3 AF S7E W] 8 A
2] RuO,S #H7Iel] AL 2448 NTCE A=

S &3l NTC Am=Ele] 714 Sl mlA=

A ZHESE RO, B71) Gl thalel ATseict.

&

0>{$‘

r2 2 rlo M
[

Al

LAl H e

oH

[\°]

il

2.1. Glass Frit®] Az 2 EA4 77}

AL AFE NTC MulzE ARE 8] Agde] F

2400 E

:

Relative Intensity (a.u.)
2
8
T
1

1200 -

800 " 1 2 1 " 1

2 Theta (degree)
Fig. 1. XRD pattern of lead free glass frit.
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Fig. 2. High temperature micrograph of lead free glass frit.
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Fig. 3. The linear shrinkage of sintered NF systems with

sintering temperature.
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Fig. 5. Microstructure of sintered NF systems according to sintering temperature and glass frit content.

Z

=

ZHES 10wt% F7iet 2ZAAL] Z-(b)ell= 900°C
AALENE ZRPEES AVsA] e A9} AN
Ao}, 1000°C~1200°CllA] 2A8H AAA G E A3
o] Apo)7}t (ayd§- W FEEHA] @A vEhde &
Ak olgh e AL ZIEES 20wi% F7HE
Soll F5lo] Yehe & & Al ol ZIES
A e (bl AeellE 900°CaME Z3lEd <)%
FEFo] A Frp7t ZHETE SFEHE 1000°ColA |
Usls do7|A|ut Ago] & L ES] JgFoz A 7o]
A JEREaL, 2 o] AR E ZHETL &
Aol HAHEA] 29} 72 Z3Fke] o] Aslste] vEhd
Ads S/ Aot AlsEnh o= k9] Fig. 5
o] Aot dAsl= Aoltt. dHH ZIHEE 20 wi%
A7¥st Aol diFos ZES] o] oug X
Usl7h 10 wi% Kok o @ol dojds} d 889 =
SE7} NTC 9AFe] iAol 3= o] wolA] Aol
= Yelsitial s

Fig. 8& Fig. 7¢] 43¢ 718712 el B A+
£ 2Aexe}t AUk ZHE Yol e WstE e
Aoty oA Hiz npe} o] ZEES] Hrlgo]
BETE B ATE SR A UEES 4 T 3

2o )



Bon Keup Koo

32
@ : Spinel
A Mnz03 Ps
N e
E \"1
2z I
g ,, »ﬁ\v- —‘-u/ \U\\v,. R N N N
=
: \
g L] 5 N o]
:
A A LA . e
0
20 30 40 50 60
2Theta (degree)
3
©
< "
5 ) )
£ inimhteiatll IS N L WY, NS R | S
2
2 n
E __,'J L‘\J\_.-x P AP N ) S
A
. . b
20 30 40 50 60
2 Theta (degree)
(b)
@ : Spinel °
A : Mn03
- Y !
:: A Ji M'
< |
3 |
o s
©
=
g \
S WU . .
[ovoc ] o f A L
0 P L A
30 40

20 50 60

2 Theta (degree)

(c)

Fig. 6. XRD patterns of sintered NF systems.

|
—

HEzol fa]9
84 x 10° J/molZ  50°CoIA5-E

CR W&Ed Ao® oS5
8¢ 2743t ol
Freldol 2% (T,)

Ln[resistivity(ohm-cm)]

Ln[resistivity(ohm-cm)]

Ln[resistivity(ohm-cm)]

9 | e 900°C
| | = 1000°C
A 1100°C
8 | v 1200°C
7F /
6 o
3 ’
5L __'0/
41 /
p¥ecas /
L wv
3+ M
i 1 i 1 1
2.0 24 28 32
1000/T (K")
(a)
9l e a00c
= 1000°C
[ | & 1100°C
8F| v
7L
6}
5L
4
3k
1 L 1 i
20 24 28 32
1000/T (K™)
9f| e 9g00C
| | = 1000°C
A 1100C
8| v 1200
7L
6
5L /‘
| = ‘/'
4
3k
" 1 " 1 " 1 " 1 " 1 2
2.0 22 24 26 28 30 32
1000/T (K")

(c)

Fig. 7. Resistivity characteristics of sintered NF systems with

temperature variation. (a) 0 wt%, (b) 10 wt% and (c) 20 wt%.

HeolA AL IRt T, AN F43] AL
A ATH13]. ©] #S o83l AxelH B Ao
ok 5000 K A== AXtEo] 22 UREAQ NTCY B



Fabrication and characteristics of NTC thermistor for low temperature sintering 33

5000
—a— Owt. %
—o— 10wt %
—A—20wt. %
4000 | A
< :
€ ®
3
<
8 n
m 3000 |
Zom 1 1 1 1
900 1000 1100 1200

Sintering Temp. (°C)

Fig. 8. Change of B constants according to sintering temperature
of sintered NF systems.

%kol 4000 K ©|a} ©|E2[14] ©] Hrtke Atke
& itk wEl ZEES 7P B Ao =
éﬂ% TS AREY 3 ad 2o
ZHES H7leHA 2 Afolle a2z u

Feske A% Ueiod ZElEs Wrlehe 4

B Al Zago] AEd ol B 457t

ﬁdE P o adAle] g Ael= 514 B 457

e e AL AbEEr)

O o o
> mlo ¥

ﬁﬁfﬁ‘

O
T
=

]_

(e 2y
F>

(Kl rlo

lm
_WL

3.2. NTC Au|ZEe] EAJo
H7Fe] GFF(NFR A))

Ske] NF Al 43 Zielr ZBES /I 4L

[ s00eC |

Fig. 10. Microstructure of sintered NFR systems according to sintering temperature and RuO, frit content.

20
=— 0wt%
| —e— 2wt%
—4— 5wt.% x
15|
S
8 10}
£
<
(%)
2
3 5F
0k
1 1 1 1
900 1000 1100 1200

Sintering Temp. (°C)

Fig. 9. The linear shrinkage of sintered NFR systems with
sintering temperature.

1200°ColX 243 NTCO] &4 A o] &4L% B
= *Z:i%zzoﬂ*u AR A2 Yehlle 2o
ZZEES [0wt% H7Iskd 1000°ColA 223 AJHY
< & F U 28y o= NTC AR|Z~HE AME-S)
o= thh Ago] morma o AALToA Aol
HA Age U AS sI9ith ol9f e AEe
=l EALS Hole 2kslE<l RuO,E AH s}

3 o] RuO,Z ZIET} 10 wi%’}F E3E NTC 24
, 2, 5wt% F718F 3(0]F NFR 7)) AJHS o7
Tol|lA AAdste] Sk NF A9 7399 722 whio=
AEe ZdY3HATE RuO,= Ao] bﬁ +TCRE et
= 3 AslER SUR|REo] REo A ZHES)
A AFS HFe AEE AREEHe EEE g9EA 2

—



Bon Keup Koo

Fig. 9= RuO,E 0, 2, 5wt% 37}t AlHe] A4
Tof| W AFEHE Adoltt. SHp= e Apo)

Relative Intensity (a.u.)

Relative Intensity (a.u.)

Relative Intensity

@ : Spinel

A Mn0;
° J\J [ ] [ ]
(S S U W S

[1100c]

) |
NS NS AN N N S S

A
1 L L

0 50 60
2 Theta (degree)

(a)

A
LA
30 4

20

® : Spinel
A Mn,03
M : RuO;

A
L2

-
—

1

|
| o J\

Wm,a“;} AN S, M A

A

N
1

20 30 40 5
2 Theta (degree)

(b)

Srm

60

1100 °C |

1000 f i
—«“E.M,‘MJ \\,‘,J\w-) \JL»M~_f M A A A
A

s0°c | m
0

,J\\.-\. R R AN "N,
40

1
2 30 50 60

2 Theta(degree)

(c)

Fig. 11. XRD patterns of sintered NFR systems.
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Fig. 14. SEM and EDS mapping (Ru and Bi) images of NF5R systems sinetered at various sintering temperatures.

Table 1
Relative detection of major components of NF5R systems sintered
at various sintering temperatures

900°C 1000°C 1100°C 1200°C
Ru wt% 3.50 3.75 1.22 0.05
Bi wt% 3.97 7.91 12.09 6.12
Mn wt% 57.80 54.55 50.44 48.78
Si wt% 0.80 0.82 0.92 0.71
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