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Research on the Change of Resistance of Refired Ru-based Thick-film Resistors
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(State Key Laboratory of Advanced Technologies for Comprehensive Utilization of Platinum Metals,
Kunming Institute of Precious Metals, Kunming 650106, China)

Abstract: Six glass powders were prepared by conventional melting-quenching method. Conducting
phases BiRu,0;, CaRuO; and BaRuO; were prepared through solid-phase reaction. The organic matter
was also prepared by dissolution. Thus, a series of thick-film pastes were formed by mixture of conducting
phases, glass powder and organic matter. The pastes were printed on 96% Al,O; substrates to form
resistors and then dried and fired. The change of resistance values of each resistor after refiring were
measured and calculated. The influences of B,03/Si0,, the ratio of two glass powders and the ratio of two
conductive phases on the change of resistance value were studied. Several ways to bring down the change
of resistance value were proposed.
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ALOjs. ZnO. BaO 251, 3o 3l 3ps A i o A< SR 35«
BURMIRAL 5, BELE 850°CheLh, MK R 55
BOPE BRI B /N SEAR i F ik R 501 i
(2R TR S A4k 2 o e 25 8L, g LRk —
FCR ) L HE A 4 25 -FA T BEAR R, HRIINE B AT 2R
THER T HE SAGERRH . IRBENE . FATI. AT
BRR="T 5. THL 85 &5, 5 I JufH T ENRIE AN K
THEBUIIA D BRI R TG ER], XA HLEA R
BRERRIR I E AN RL,  HAE 2 T R R 3
SIEIRYD, ST AVEFERI> > T s,
AT FELBEL 6 FEL P PR PELR B R, RN —
S H e A, H F )0 MnO, CuO- Nb,yOs. V4,05
%[16, 20]O
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P BT Begs RO E R T AN R
BEENHIA IE—FhIRRL, Foakedh . WRRH LT i Ha BE gk
B bR . beAh, fERBH TR E T, e
FRRIEAT R . U PHAE B e FL A — M R AR AR
1, 2 BEAB AR A3t R ) 2 5 e 1) Fh L PR L A
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AP 5 R FH 10T FA AT TR BB (Bi,Ruy05) BT TR
H1(BaRuO3) AT BR 45 (CaRuOs) . 5 HLAHHI A 4
K FH A I 7K E AL AT (RuO,,  BERIFAR Y 45 A FR 2>
F 477 5 A AE(BI,05) TR RN (BaCO5) AT IR 4T
(CaCO;3)7E 800~900°C, £& 12~24 h iy il [E AH SN il
18, HLIREMER. 2 XRD MRS 5 EY,
B3 B BN A PV ET TR T RR DAY IR AT
BREE JG 5T BREMF) Dso N 0.06 pum, %7EREA Dso N
0.49 pm, £7ERE51 Dso N 0.41 pum, BOGKIE 73HT
MR 25 7 WL 1~3
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Fig.1 Size distribution curve of Bi,Ru,0,
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Fig.2 Size distribution curve of BaRuO;
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Fig.3 Size distribution curve of CaRuO;

1.2 BRIEAHBIH &

3 A 1R 1) 2% R FH ARl - 7K R Bk B Vs

55— % B FE A 4 5 GA1~GA4 N B-Si-Ca-Al
RILH . %= {4 HB0s( A H3BOs 5] N )
20%~40%, SiOs: 10%~40%, CaO(LACaCO;5|N\):
20%~30%, ALOs: 10%~20%, MgO: 0%~5%. I
HGA1~GA4H1Ca0. ALOs. MgO& &AM A, B,Os
MSIO M | 7 sk A1, 2:1. 3:1414:1.



%13

PO BRI AR AT T 35

5 A BB FE YR 5 GB1. GB2 N B-Si-Al-
Ba-Zn R ¥ HE . 445 &2 H 43 LESi0,: 10%~15%, B,0;
(LLH3BO;5I \): 30%~50%, AlLOs: 0%~10%, BaO
(LABaCO;s5] N): 20%~30%, ZnO: 10%~15%. GBI
MGB2H'B,05. SO &AM, HE & &
FHIF o

Pl TR BUR RS, R R B, RS 5
NI, £ 1100~1300°C 1] 30~60 min, 78 K
BEES VAR ON 28 /K R K R IS 25 N KBS E R S
48 h. HIEHIPIERIE 400 HARAER S, ExtAE
75 CHET . BUEEBTIIBFEM KR, H Netzsch STA
409 PG/PC #4 M 3O B3 ¥ 1E4T 22 7443 HT (DSC),
FHERIHEZ N 25 C/min, Z AN ALO;, HH GBI,
GB2 MBI AR IR E 53 5y 744.6°CH1 691.5°C,
WK 4, K 5.
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Fig.5 DSC curve of GB2

1.3 AV RIH &

AWLEMAKF LY R - EER R, RN
—ERM TR LR, Y85, EMIm AL
R T le. K520 4l 7 FR i B F e b, F
80°C /KR IEAR o« BT AR MR BN U, RS B IE
F Brookfield DV-1I+Pro i i1 AS AL 5.8
Pa's (20 r/min, 25+0.5°C, 25 S#h).

1.4 FEHHIER S

ot — 7 LB RREUAE B 5 FiAE . Bk AR A/
BHEAMY), R0 & 20 72 3B 785 0t
BEL REIE, IO HLE AR d i sh M L 2 —
FVECIRYD, AR BRI N A S i I 45 2R 1)
K EELE 200 ~300 Pa-s(0.2 r/min, 25+0.5°C, 25 ‘S4h)
Z 18] FH AR 40 B v B 2R A0 B /N T 20 pm

KEL PAI~PA4 K H W B R 73 A GAl~
GA4, PR & Bk RIS . SRR E AL
Y, FIREDII 56%; ‘FHAHA Bi,RuyO7, 7 A AL
1) 40%; SN 4% R e A A LR R B
T B WL SR E S B 70% i B S I .

# KL PB1~PB3 43JjlK B #¥ GB1:GB2 =
4:1, 2:15 1:1 PRRE¥y, BIK 5 AR EHE 36%:;
FHUAN BaRuOs, 5 [ KEHE 60%; S50 4%
1] MnO,. A MUEAMAZ IR & &8 70% I

KB PCI~PC5 KH B33/ i &= GB1:
GB2 =4:1 FJIRAHK, BLIAHIL S AR 36%.
S H AN CaRuOs UL A [F HE ] 1) CaRuO; F
BaRuO; FVRE¥r, b FEAET 60%. F¥sin
4% 1) MnO, 117 FL IR B R 8. A HLE R R ]
RN T0%IHEIEIAN.
1.5 EFEBENHI. Jedh K FEAE AR

Y T 1L e ) P BELZR R ENTRITE 96% ALO P e 52
Aok, e B RSRENH]. beah iR ST
Bl T REE TREr+ 4
850°C. 18 min 45, FTHIRIBEES NG REE T
THRA A K) RSK-2005 Bigesktr. LK) =
RIERIRE AT N RHT, e EM AR A H
BEASC S HLPHME Ry. HHBEEZE 2 WKJE IS M PEAE
Ry, WWHIHLERARNE, HHE—IRELTIE p:

p1=(Ry-R\)/R; X 100%

FLERH] 12 P, TR EEIME, IR
HIRBIE py W 1~3.

HIBH LS 3 I JE AR I FEAE Ry, 4% FHE I
2 IRERABNE p):

p>=(R3-R\)/R; X 100%

FLERH] 12 B P, TR ECPIME, IR

HIRBIE py W 1~3.

2 HREWHR

% 1 NIR PA1~PA4 BIZHE S ERER . SRl
PA1~PA4 X 15 s AH A Bi,Ru,O5; BEFEAH A B,O;
M Si0,, RN 1:1. 2:1. 3:1 A1 4:1
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B-Si-Ca-Al B¥: FEHHI . BRI, g 2% AF
. TR 1 TLLEH,  BEAE B A e b iz it
BK, py 1BHTH E R 507 28k BIREELAE 1:1 2
2:1 Z[A], X ELELZEERIFZIIR R, pi H 31.62 4
N 2.30, py H 62.63 A 4.84; BRELLTE 2:1 2] 3:1
Z B, S E R R RN Rk, SRA
B-Si-Ca-Al BZISVE N JE L BH A B AR, L
FLAE 2:1~3:1 Z [MBCAEHE .

1 K PAI~PA4 AR R ERE
Table 1 Compositions and properties of pastes PA1 to PA4

FHLA/% I HRARA /%
e Bi;Ru,0, PR T P1 P2
JREEE SR/ %
PA1 40 1:1 56 31.62 62.63
PA2 40 2:1 56 2.3 4.84
PA3 40 3:1 56 0.22 -1.76
PA4 40 4:1 56 -11.87 -10.64

F2 NI EIPBI~PB3 4 i S e . K KL
PBI1~PB3 X H 1) A Ay BaRuOs, 3 3 4H Sy 2 Fil
B-Si-Al-Ba-Zn % ¥ ¥ GB1 MIGB2 1B &k, Hob
GBIFIGB2IILLf 23 A o 4: 1. 2:15 1:1. 20 B
F H IR PBED I B e R, piFlp,
I3 N-19.201-32.64; BHEE GBI & &I FFK,
HIRBFMFH K, HGBL:GB2=1:1i, pHlp,
3 AN-7.1581-8.94, /NF10%, AT 2 AfFH ZK .
ZMAGB1. GB2MIBEI AR 53 2N 744.6 CHI
691.5°C . K RBIPB1H =y F AL r ) 3 39 20 73 Ll Ao el s
TE R L5 ) R FUAH 1) SR SRS 24, TR A I
LUk SR EAT, A0 P BSOS F R AR AR Ak, AT
5] 2 L PR R R PR . o B T AR PP A a2
IYHIEEB T B, WIIREEE I R AR P 4% 420 B
789, FRIRGRG fE PAE RN

# 2 3K PB1~PB3 AR KAk
Table 2 Compositions and properties of pastes PB1 to PB3

T3 NHKEIPCI~PCS ALK S MERE R« X EE
PB1(F2)FIPC1(FK3) I H e ERERT &1, LI FAH K
FGB1:GB2=4:1KJiR & ¥}, S HIA ABaRuO;,
PHE FEAR AR N9 45 FHCaRuOs1FE S A, T EE K
BAFNIE. HIETHER, ¥ BaRuO;fICaRuO;1%
— € LU & A 5 HAR AT 45 B B AR AR /N (B
RRULOE S

&£ 3 ¥ PCI~PC5 AR K MEAE
Table 3 Compositions and properties of pastes PC1 to PC5

No. S AR BT ERRRR%
BaRuO; CaRuO; GBI1:GB2 pP1 P2
PC1 0 60 4:1 62.34 22434
PC2 58.76 1.24 4:1 -14.74  -18.13
PC3 54.12 4.88 4:1 -37.68  -47.33
PC4 48.41 9.59 4:1 -11.10  -17.50
PC5 47.60 12.40 4:1 1.71 2.54

No. FHH/% B AR HRA /%
BaRuO; GB1:GB2 P1 P2
PBI 60 4:1 -19.20 -32.64
PB2 60 2:1 -14.44 -23.15
PB3 60 1:1 -7.15 -8.94

HIBAR o A B 36%.

AR A R I60%:  THEEAR I E A R 136%.

K 6 7~ T BaRuOs:CaRuOs 7E 58.76:1.24 Fi|
47.60:12.40 2 [A](PC2~PC5)Z AL, pi\ p, HIZRAL TS
Mo 24 BaRuO;:CaRu05=47.60:12.40 I}, p, A 1.71,
p2 9 2.54, WIEIAR/N, RSN HLBH 4 BEAE

I 1 1 1 1
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BaRu0;: CaRu0,
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Fig.6 Influence of the ratio of conducting particles on the
change of resistance values after refiring
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