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Abstract The sintering shrinkage behaviors of low temperature cofired ceramics (LTCC) and resistors were compared using
commercial LTCC and thick-film resistor pastes, and factors influencing the camber of cofired resistor/LTCC bi-layers were
also investigated. The onset of sintering shrinkage of the resistor occurred earlier than that of LTCC in all resistors, but the end
of sintering shrinkage of the resistor occurred earlier or later than that of LTCC depending on the composition of the resistor.

The sintering shrinkage end temperature and the sintering shrinkage temperature interval of the resistor increased as the
RuOs/glass volume ratio of the resistor increased. The camber of cofired resistor/LTCC bi-layers was obtained using three
different methods, all of which showed nearly identical trends. The camber of cofired resistor/LTCC bi-layers was not affected
by either the difference in linear shrinkage strain after sintering between LTCC and resistors or the similarity of sintering
shrinkage temperature ranges of LTCC and resistors. However, it was strongly affected by the RuO,/glass volume ratio of the
resistor. The content of Ag and Pd had no effect on the sintering shrinkage end temperature or sintering shrinkage temperature
interval of the resistor, or on the camber of cofired resistor/LTCC bi-layers.

Key words low temperature cofired ceramics, thick film resistor, sintering shrinkage behavior, cofiring, camber.
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Table 1. Thick film resistor pastes.

Sheet resistance

Manufacturers ~ Thick film resistor pastes Q0
A All 101
Al2 101
Bl11 101
B12 10+1
BI13 10+2
B14 10£1
B B21 100+ 10
B22 100 £ 20
B23 100+ 10
B31 1,000 + 100
B32 1,000 + 200
C Cl1 10+1

10, 100, 1,000 (Y/[(12] A& Ho|AEES AL8-5% T}

22 M3 HO|AES| 27|12 EA £A

A o] AEE-Z 120 °Cof|A] 5A17F 7 23}aL 350 °C
o] A 3417} B¢t v}l ] A A (binder burnout)dlo] F7] &
Sk 7] Fol BATHES AX A, o] 17250 8
ZAL g BAF XA 33 B4 7)(wavelength dispersive
x-ray fluorescence spectroscope, WDXRF) (ZSX Primus IV,
Rigaku, Japan)Z AH8-510] 28] 27kl #4510 0],
71 /g2 gt 2272 Table 20f YeR it

2.3.LTCCLI M&te| AA £Z= HE=H

LTCCO| 272 43 758 Z4at7] 98], Hlo]= 7~
O 2 A 23 2F 78 um 77 &] LTCC H|o| 25 1107 4
Z3taL, 30 MPa2] F2 0 & 75 °ColA] 107F A9
g 2~(warm isostatic press)= 7}4St Sof AGgt 7|2
Aeksto] LTCC 7|1%e] A 25 Agich A5 42 4
2715 242 93 AlRSL 120 °ColA] 37413 et
Azsto] G 4 S AT B Fof, 08 mme]
ol Yo] 30 MPal] &4 o 2 ¢8 mm x 5mm 7] 2] "3l
(pellet) He 2 AYstg o, o] AFAE 0.1 °C/ming]

o &5 & 300 °C71A] 7FE5}He] 300 °C0ﬂ A TAZE §-4]
S kel A A A

o|FH A dojR LTCCL} #]3}E=9] /\]E_ 2 dilatometer
(DIL 402C, Netzsch, Germany) =+ TMA (thermomechani-
cal analyzer) (TMA 402 F3, Netzsch, Germany)&- A}-8-5}¢]
7FE<45= 5, 10, 15 °C/min 8.2 AF2-0f 4] 950~1,300 °C77}

A 7YASHE A 2 S8 R ASS 22 295t
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Table 2. Inorganic chemical composition of thick film resistor pastes (wt%).
10 Y[ 100 /] 1,000 /]
Element
Al2 BI1 BI2 BI3 B4 Cll1 B21 B22 B23 B31 B32
0 31.0 34.1 32.7 352 37.8 34.8 23.5 36.9 39.5 47.0 39.3 434
B 1.1 - 3.2 5.0 3.5 4.7 5.8 6.4 3.8 4.6 4.6 4.0
Ag 15.9 26.0 20.0 1.6 7.4 1.7 1.4 2.2 5.5 0.8 2.4 3.9
Pd 9.6 8.0 - - - - 0.6 - - - - -
Ru 15.6 15.6 27.5 42.9 36.9 39.7 54.2 29.6 28.8 21.7 25.3 18.9
Pb 16.6 - - - - - - - - - - -
Si 6.1 5.1 6.5 10.0 6.4 9.7 1.0 8.3 11.6 20.8 13.3 15.4
Al 1.0 3.2 1.6 0.1 1.4 0.1 0.9 1.8 1.7 0.1 2.3 2.3
Ca 1.5 - 2.7 - 2.6 - 2.6 33 4.7 - 53 6.4
Zn - 2.4 1.9 1.7 1.8 1.7 - 5.5 2.7 12 - 3.9
Mn 1.4 2.1 1.5 2.2 - 6.0 2.7 1.7 - 1.5 - -
Zr - 0.9 - 0.1 - 0.1 1.5 1.7 - 0.9 4.7 -
K - 0.5 1.6 1.0 1.0 0.9 1.0 12 0.9 1.4 1.6 1.1
Na - 0.9 - - 0.2 0.2 0.9 0.4 0.2 - - 0.2
Mg - - 0.8 - 0.8 - - 0.9 0.4 - 1.1 0.5
Fe 0.1 - - 0.1 0.2 0.4 - - 0.1 - - -
Ba - 0.5 - - - - - - - - - -
La - 0.7 - - - - - - - - - -
Sr - - - - - - 3.9 - - - - -
2.4. Mgte| 2| X0|2 % (glass transition tempera- 7FEEE R 1,000 °C7HA] 7HE 8ho] FA] A/ stSTh
ture, Tg) £ ol A Aol A A 24 E AFY/LTCC o] 552 A
M H o] AESS 120 °Col A 3-TAIZE Bok Azste] B Theel Al ZHA el ola) el ick R A e
gu B A 75} et Tof, o8 mme] 2H o do] A 2AE ARJ/LTCC o] F5-2] il o]} o] F359]
30 MPad] OF2l S ALESto] 08 mm x 10 mm 7|2 A8 FAS 2z Estel, T alo) 2 v gro2 sh= Y
stgict o] AEAZ 0.1 °C/mine) 7} SE2 300 °czp ©lth o] el Sl dofxl S “AH_zol(camber

A 7FA5}aL 300 °Coll A 1A 7F G- A 8h= uele] A A 3}
A& A = Toof ¥l E & (belt furnace) o A ¢F 9 °C/min2] 3
o 7HE SR 2 7HEske] 32 2= 850 °Cof| 4] 30+ F<t
245K} ol @A) A7 AYES 74 3 TMA (TMA
402 F3, Netzsch, Germany) & AF8-3}¢] 7}9 <= 5 °C/min
o) 270 §eHoLEE 35| AT I B
kit

2.5 ME/LTCC 0|55 2| SA| 2ol 2st AHH =H
Hlo|iZ A8 O &2 A| 23k oF 78 um 74| &) LTCC H|o
7 ABOH 2 91 A oI 1
3k Tof|, 30 MPa2] QFel 0 & 75 °co1]A1 105
g &= 7hFsto] A JH/LTCC 0|53
SHE & LTCCO) wH=3ith 01‘%474] = A
LTCC o]%%L2 4 x 4 mm I 7|2 At+stal, 10 °C/min2]
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Fig. 1. Schematic of camber configuration in the cofired resistor/
LTCC bi-layer.
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Table 3. Inorganic particle content in thick film resistor pastes (wt%).
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Inorganic 10 (/] 100 (/[] 1,000 (¥/[]
particles All Al2 Bl11 B12 B13 B14 Cl1 B21 B22 B23 B31 B32
Ag 18.2 31.6 21.0 1.6 8.0 1.6 1.2 2.1 5.8 0.8 2.4 4.0
Pd 11.0 9.8 - - - - 0.5 - - - - -
RuO, 23.4 25.1 38.0 54.8 52.5 50.4 63.2 37.8 39.6 29.8 32.9 26.2
MnO, - 4.0 2.4 34 0.1 9.2 3.8 2.6 - 2.5 - -
MnCOs 3.3 - - - - - - - - - - -
71O, - 1.4 - 0.1 - 0.1 1.7 2.3 - 1.3 6.3 -
Glass 44.1 28.1 38.6 40.1 39.4 38.7 29.6 55.2 54.6 65.6 58.4 69.8
Table 4. Inorganic particle content in thick film resistors after sintering (wt%/vol%).
Inorganic 10 (/] 100 (/[] 1,000 (¥/[]
particles All Al2 Bl11 B12 B13 B14 Cl1 B21 B22 B23 B31 B32

Ag 18.2/9.0 31.6/15.5 21.0/8.0 1.6/0.5 8.0/3.0 1.6/0.5

Pd 11.0/47 9.8/4.2 - - - -

1.2/0.5 2.1/0.6 5.8/1.9 0.8/0.2 2.4/0.7 4.0/1.1
0.5/0.2 - - - - -

RuO, 23.4/17.2 25.1/18.3 38.0/21.6 54.8/27.8 52.5/29.1 50.4/25.3 63.2/37.1 37.8/17.3 39.6/18.9 29.8/11.9 32.9/14.4 26.2/11.1
Glass  47.4/69.1 33.5/62.0 41.0/70.4 43.6/71.7 39.5/67.9 48.0/74.2 35.1/62.2 60.1/82.1 54.6/79.2 69.4/87.9 64.7/84.9 69.8/87.8
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Fig. 2. (a) Linear shrinkage curves and (b) linear shrinkage rate curves of LTCC and resistors (10 (¥/[]) at a heating rate of 10 °C/min.
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Fig. 3. (a) Linear shrinkage curves and (b) linear shrinkage rate curves of LTCC and resistors (100 and 1,000 {¥/[_]) at a heating rate of 10 °C/

min.
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4.4 B

Ag LTCCS} 0} A3} Hlo| AEES AMg-3lo] LT
CCet ARe] 27 423 A& ¥l Lt FA 24H A
FLTCC 0552 o] YL A& A0ES 24
k.

(1) Ao 22 52 28 229 42 52 2 1A
A% el RuOy/ 2] 53] W7} 245 5

(2) $4 248 AG/LTCC 0| 55| A= LTCCS} A
g Ajolo] A7 T AP L2 HFE 2fo|o} A S

2 WYY FAM ol FFE WA ekt
(3) LTCCS} A3 Afo]9] 27 F 48 2% WHE 2ol
oF Aol =AY e8] Ao A2 2k B3]

3, A S ARILTCC 0] 559 e A3 1
o] RuOy/§-2] $31] v]of) 27| 93k W9k=s], RuOy
fel 55 v)7h $ 848 ARFLTCC 0|55 A
7} ket
(4) WA & Tk A3H(>100 V) S LTCC AHE-
ol = A%} U] o] RuOy-§-2] 3] v 7} w7
5L ARLTCC o 552) 2u Aol
ok, Aol W Fuk (<10 /L)
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2 LTCCO| AR§-8He 790t RuOy/-2] 23] u7}
7] ol A 248 AFLTCC o]532] 74
hgo] #4712 4= gleh,

A3} o] F<4 AB9l (AgtPd) Tk #|g)o] 47
T5 TR 22 2 o5 25 M4, 29al §A
a2/JE AR/LTCC o539 o d3Fe m|AA]
QLSFCE. SLAI N, WA o] W Fuf (<10 V)
o A A=A 9] RuO, thAlof| (AgtPd) 22 a5 A&
S A7Hte s HAS 3k 5o A7A EAS
A|5HH A = RuOy/-2] 73] HIS WA &
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