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AA  Silver paste
BB  Layering/co-firing

CC  Reflectance measurement region (Smm square)
DD  Co-firing substrate

(57) Abstract: [Problem] A LTCC substrate composition which maintains a low dielectric constant k and a high Q value
while exhibiting no silver migration and no reactivity with silver, which is the electrode material, when performing the
low-temperature co-firing. [Solution] To provide a low-temperature co-fired substrate composition which contains: 83-91
mass% of a Ca0-B,0;-Si0;-based glass powder which contains 40.0-45.0 mass% of CaO, 9.0-20.0 mass% of B,O; and
40.0-46.0 mass% of SiO,; 7.5-14 mass% of two or more types of nanometer-sized SiO, powders which have different
particle diameters; and 1.5-3 mass% of a f-wollastonite powder as a crystallization agent.
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[£3]
E] 1 2 3 4 5 6 7
#3287 A 87.30 87.22 87.22 85.48 84.60 87.22 87.22
SiO#97 B 9.70 10.78 10.78 12.56 13.46 10.78 10.78

BHE%
B—TASZ A MEE C 3.00 2.00 2.00 1.96 1.94 2.00 2.00
[Tzl 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HSZHFADILEDso pm 2.0 2.2 2.2 2.2 2.2 2.2 2.2
HIZRBHRADH T ZHR o] 4 u] o o u] n} a]
SiO#9FB (RfE 1) 10~100 nm 25.00 18.18 27.27 15.92 22.29 0.00 0.00
SIOMHB (HufE2) 100~400 nm 0.00 0.00 0.00 0.00 0.00 63.64 81.82
SiO#9FB (RIfE3) 400~3000 nm 75.00 81.82 72.73 84.08 77.71 36.36 18.18
B-UATANS A MEFRCOATEDe;  |pm 2.4 2.4 2.4 2.4 2.4 2.4 2.4
THESRE (TATANFRN) aorfB B B B B B B B
LhEER K 5.72 5.93 5.82 5.81 5.59 5.88 5.90
tand at 2.5 GHz 0.0008 | 0.0009 | 0.0011 | 0.0012 0.0015 | 0.0009 | 0.0012
QfE (1/tan 3) 1250 1111 909 833 667 1111 833
Ruze/Rgo (%) 88.3 86.4 85.6 87.4 87.6 85.6 89.3
=EHiafl 8 9 10 11 12 13 14 15
HIZIHER A 87.22 §7.22 87.22 86.55 90.16 90.16 90.16 88.20
SiO249%K B . 10.78 10.78 10.78 8.56 7.84 7.84 7.84 9.80
B—UATANFAMER C s 2.00 2.00 2.00 1.98 2.00 2.00 2.00 2.00
MFI (ZrO) 0.00 0.00 0.00 291 0.00 0.00 0.00 0.00
HIZIHRADILEDso pm 2.2 2.2 2.2 2.3 2.3 2.3 2.3 2.2
HSZHFADH S AR %5 } u] ] N N N N =
SIO#HB (hifEl) 10~100 nm 4.55 9.09 13.64 11.68 6.25 12.50 18.75 30.00
SiO¥9FB (HIfE2) 100~400 nm 63.64 63.64 63.64 0.00 93.75 87.50 81.25 0.00
SIO#HB (hifE3) 400~3000 nm 31.82 27.27 22.73 88.32 0.00 0.00 0.00 70.00
B-ATANS A MEFRCOKED.,  |Um 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4
FHE@AE (VA5 aorp B B B B B B B B
Jisi==E 4 5.87 5.85 5.73 5.88 5.89 5.72 5.54 5.59
tand at 2.5 GHz 0.0010 | 0.0013 | 0.0017 | 0.0009 0.0010 | 0.0011 | 0.0015 | 0.0009
QfiE (1/tan ) 1000 769 588 1111 1000 909 667 1111
Raz¢/Raoo (%) 85.2 89.6 89.1 87.1 88.6 §8.2 90.6 86.9

(te&h1)
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[0041]

[$k4]

s 1 2 3 4 5 6 7 8 9 10
A3 A 100.00 90.16 88.20 87.22 86.24 82.32 87.22 87.22 87.22 86.35
SIOAPF B 0.00 7.84 9.80 10.78 11.76 15.68 10.78 10.78 10.78 11.67
BE%
B—TASA M MR C 0.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 198
foERANY 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AR ADITED 5 pm 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
HIAEBFADH T AR 5 u} u] o u} u] o o u] u] u]
SIOMFE (RriZl1) 10~100 nm 0.00 0.00 0.00 0.00 0.00 0.00 4.55 9.09 63.64 8.57
SIOANK (#2i22) 100~400 nm | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SIOAPF (#1123) 400~3000 nm|  0.00 100.00 | 100.00 | 100.00  100.00 | 100.00 95.45 90.91 36.36 91.43
B—TATA NS A MIFER CODsy [pm - 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4
TiERAE (TASAFR) aorf q B B B B B B B B B
HEEmEEk 6.40 6.18 5.96 5.93 5.84 5.60 5.92 5.90 5.24 5.95
tand at 2.5 GHz 0.0011  0.0008 | 0.0009 | 00008  0.0008 | 0.0008 | 0.0008  0.0008 | 0.0023 | 0.0009
QfiE (1/tan &) 209 1250 1111 1250 1250 1250 1250 1250 435 1111
Razo/Raco (%) 76.8 77.9 78.9 79.3 82.6 84.5 80.4 84.1 87.4 81.5
o 11 12 13 14 15 16 17 18 19 20 21
A5 A 87.22 87.22 87.22 86.35 85.48 87.42 86.98 81.30 90.16 90.16 88.20
SIOMF B 10.78 10.78 10.78 11.67 12.56 7.64 8.10 14.11 7.84 7.84 9.80
BT%
B—TASA M Mk C 2.00 2.00 2.00 1.98 1.96 2.00 1.99 1.86 2.00 2.00 2.00
TDFID (Zro,) 0.00 0.00 0.00 0.00 0.00 2.94 2.93 2.73 0.00 0.00 0.00
HIRFADHIED ¢ pm 2.2 2.2 2.2 2.2 2.2 2.2 2.3 2.3 2.2 2.3 2.2
HIZMAAGH T ZHARL 5 u} u] o u} u] n N N n N =
SIOMF (#2iZ1) 10~100 nm 0.00 0.00 0.00 0.00 0.00 0.00 6.17 49,61 0.00 0.00 0.00
SIOANFR (#1i22) 100~400 nm | 18.18 36.36 54.55 8.57 15.92 0.00 0.00 0.00 0.00 50.00 0.00
SIOADF (#1423) 400~3000 N 81.82 63.64 4545 91.43 84.08 100.00 93.83 50.39 100.00 50.00 100.00
B—TASA A MIFER CODsy [pm 2.4 2.4 24 2.4 2.4 24 2.4 2.4 24 2.4 24
THERIE (IASAFAR) aorp B B g B8 B B B B B B B
HEEEEk 5.95 5.99 5.88 5.94 5.84 5.93 5.91 4.19 5.96 5.79 5.94
tand at 2.5 GHz 0.0008  0.0008 | 0.0009 | 00008  0.0008 | 0.0008 | 0.0009  0.0028 | 0.0007 | 0.0008  0.0005
QfiE (1/tan 3) 1250 1250 1111 1250 1250 1250 1111 357 1429 1250 2000
Razo/Raco (%) 80.8 82.3 82.7 78.4 82.7 79.5 81.6 91.3 75.2 80.2 82.6

HERIC, HERROL TCCERDREREZEFIHEMRSETERE L
Reb &I, ARBAODREHEE L (H5) . 57 AMKROA%E2H L.

i O, MREB—VASAMFTA MRREZIALVED (LEBHIT) %k
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ZEDDDB, TDELIBFE. B,O )y FRASABADEROYA T L
—2 a VDBEEICIRY R/ ReypMET T 2IEHY T, BBOMIREPYY 3
—MAFEELTLE D, RIS, BEBBITICB -0+ 5 A M A MMRERM
LedDTIEE. BLO3 )y FRASADEZIFINEILAZ2EDDELRICIER
KIBIRW, RIS, B—DFFAMFA MIMAT, HEDELS 2EUL
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