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Recent Development on Mechanism and Application of Sealing Glasses
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Abstract: Glass is widely used in sealing and connection of various optoelectronic devices due to its favorable heat resistance,
excellent electrical insulation, and adjustable expansion coefficient. This review briefly represented the interaction mechanism
between sealing glass and substrate materials, such as glass, ceramics, metal, silicon wafer, efc.. Besides, recent development on
sealing glass in new energy devices, photoelectronics and other applications, such as silicon solar cell electrode, organic light-emitting
diode, solid oxide fuel cell, was described. In addition, the critical research and key issues of sealing glass were also discussed. The
related applications and future development of sealing glass were summarized and prospected.
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Fig. 4 SEM images of the cross-section of the NiO-YSZ/glass/Crofer22 APU assembly using glass after the sealing process

2 HE B A

BRSNS 2, WA Z, B0 46
MLt 7 VRS, et a5, TSR
AL SOFC. HijliZRkl, JuklgftHijt. OLED %%
JEHLDIRE AT N o
2.1 SOFC

Lee 2752 Si0,-B,05-BaO A Z B, it
52 Si0, W, 448 BaO &, KIHIIZAK R %L,
B IR AL NiO-YSZ HEM YSz —l, 7
900 ‘Cke4h 30 min, ‘wonth RIFHRGIERE, HIG

[24]

MrinIl g kA, WASY YSZ N, MIMiEH T3
1F A 3 [ RS A4 FEL B (Reversible solid oxide cell,
RSOC)NH H iy af 471k

A, BiO3 7% BaO-Si0,-B,0; 14k & #7554
N JH T SOFC :H4%5%, 21 4l i 8o 5% (5705,
wAES A4 E) BiO; NN BaO-Si0,-B,0; #i T4k
KA B, B BaO-Si0,-B,05 I 5 M 2% 1] HI|
PEREAG, ARG T B A BE A B4 i, EAT IR
FE T2 B0 (K R 3 11.2x10° K HRIBE
i AR FEL AR T K 22 8 10~12x1007° KTH LA A2k
%4 HLIE 2 Rl A K LR .



249 55 8 1Y

MRiai S B/ P LR S B 5Tt « 1581 -

Y1 A A A E At ) B B A R b A 3
FIPOL, nfE 3T NayO-Si0, 1l i 308 i 24 Huizs
Fe,Os, ] A7k R A 350 15 1) 3005 100 28 S i, AT 41761
BRI B A, T et M A DA S B B
A2 A2 o 0 SCRRIRIE, Fe, O3 MBI 3%
T SOFC % H B msMEael" . MERA S0 H 1
A La,O5 15 2 i N FH 4E SOFC (13 3%
B InfE Ca0-SrO-ALO5-Si0, BIE K R,
) LayO; Fr A 2 2.5% (BE/R - HORE, I 78
(P AH CasLag(SiOs)s, 5 SrALSiHOgv CarAlLSiO; Fll
CaSrALSiO; L, CasLag(SiOg)s P LARE I E £ 1)
Si0,, fEILF LT ALO;, FEUEMK REHIHE N,
5 R I BT VLR

Timurkutluk 25 P05 55 5 2 2k 7% hn 2055 5 5% 55
FHFT, JENFHT SOFC fd#%. W90 kKBRS
TR AT LB S BRI 4 A R, A
PRI s BB . Yan S5EPPHRSY T R 00 2 i
TbER], %F Ca0-Al05-B,05-Si0, 14 & 5 42 3 i i
FEMW, BERMMNMIEEE M 4 A B F
AL A R NS 1 o 8] R = 2 Ak R
0 ¢ L B T D - P A, R AR ) A
XYZ 5 1) i, KA AR AT R, T
X, Y, Z I b, AR R P,

X T SOFC T AR 8841456 73 52 B s il PR B 1)
SN, FEPE A R A R, Ren SEPVE
T Ca0-SrO-B,05-Al,05-Si0,-Gd, 05 14 Z 1 33 , A
TR 2% (FEIR D) Gd,05 I, GA e v il AE
WO g, DUBRCE 21 Gd- bl g 55
SR AL I B R 5 (CaBLOg) T 1, AT 920 1
AR, FFI8> LageSro4CopaFegsOs s (LSCF) K
(P RERI AR . [FIRED, KB NGO 452500 i 2 3
TAEIR SR BT AE 700 CARIMIBNE &, i T 385
LSCF Bl Z A (R Y, 3 i s ek e
22 HEERM

FURT, el A BH A8 it L2l 32 (1 3 P i
Tt DL ACR] AR BRSO, A Ak K B R H v AR
BTN AU DA SRR AL, L R vp ) 3
T RS AR AR S ik R 2 R R S, FEK
BH 6 P b Rt 5 T B A 4 P8,

5 2 5 e K PH fig 5 R RORL I 1 e 1 o 2 T
., M PbO-TeO,-SiO, i H4 7 Gt i AL Bl & K i 3%
Ag UM Si fh 2 10 AL bz (K 3RaER, il T
TR RO R S 4% )2 (anti-reflection coating,
ARC)FL 2 R N2 MR FR , 3R s IS S 403 3

A% 1 VR it AR

b, WIS AR % (Y, La, Sm, Er)
PRIUNBH B stk RS m (o h 2R, B La
H1Sm BEESRHRPH fE Rl P ex
mT 17.5%%, B Y 838 Er SRR KB A8 HLit
N PR K - Raman iR B La fl Sm 544 0]
M Te-O [P IIBA B (Nre0), FHHBEIL T Nreo
HEE R BB RE Sy, ML Hth If) Ag—Si F1
SER LRI B P fE

Kumar 2517 g 28 7 K B Bk Fr 1 AR 4 @ Ak
(I BROML 5 K6 R T B S L S A rEBHL ) G R . Befl e
BHAZ Si R TH A H ) FURRHEIPERE RE M o SOWL 544
AR B AUR S AR TE B A2 F AT JER (R 1 455 71
1 BEIEN Ag dATESAE<I11>HUA 1 Si b,
MET-HIEM Ag fhiATE BAE<100>H ) 1 Si s
2.3 OLED

OLED LA PR fity v S 3kt 55 FH A v R A 342
N TFHL BRGNS RoRgs .

Lin 55 R #7 BBOGHT B 0% % 1 R R 5 R
BB B AR 5 5 S S T OLED ft*Y, 45
W RN, WL AE Py0s-V,05-Fe, 03 B I H 45 4 i &
IYBIAF(0.5% 1.0%A1 1.5%)H] Nd,O3,  #] LU
# ARAE 650~1 000 nm P RGN B2 FH I K 55
BT IR, WL T I N R,
R T8 ORI R ST BBk % 3 OLED.
Tian 2520 ARG A 475 CA 510 CIIBIE
BE RAEOCBEABAR, WF70 R I T LA RcHoRs 4
ToHL & T 5Kk 2% 4 (Quantum dot light emitting
diodes, QLED)ffff Fl T aE K 13.7 5o

THHA ZR P,0s-V,05-ZnO B IE B 1l il T
H%¢ OLED. MHHAA BB, K R %
iy W ZKPEEGF 53OS AP A AR R BE ) 5 45
AR THORE R . PREOR, RS
s Herb i o\ B s SERL R DLk — 20 BRI Ik R 8L
AT C 55 R o 3 B S B TR I T RARUC I . AR B
HHOI T BR A5 B (ZWP) = A T I AR &5 1, ]
P R ERALE] 45.4x107 K, ARG T 3%
T AT I Ik R $(44.0x107 K. BB AN
V,05-P,05-TeO, 14 Z B 3514 v] LAY ] - OLED
TS U G I AT
2.4 FRIELEH

BERRIME N YR AL b LR s B A RE, LA
TR It A 2 A4, RN S, T
FERKINRR RV, SRRl s R RS B R G R



< 1582 - CREMR £R 27 4R

J Chin Ceram Soc, 2021, 49(8): 1577-1584

2021 4

PEREPEAE—40~80 “CIHFAFIR 13 B0 AIF o

O BhHAR Ribeiro 25 R FH T4kl
R KB B B A B R0 SR T — Pl o i B
IR, HILUOR SRR A 3L . 7RO
WA B R e e B AR B S IRLRE A rRL Y
PR S R B B B T IBOCHIBIBOR, i #4
FARESEARGAST, o aT S TR A
HLR G ORBH B it . OLED. ELA¥ 4440 3
.

Gorni W IFFT T N T YR IE K g it
M =JC R Biy03-By05-Zn0 B kL, Hh KR
BirOs SKALBEIE ALV KL, OREF i NI A fE F) 35
25
25 RIS HEME

B T HAE MLCC. R LB R % (Low
temperature co-fired ceramic, LTCC)A =it &
(High-temperature co-fired ceramic, HTCC)HJ3&H A
HL R EERE AT L

LTCC )iz N T Jo 4l {5 28 4o Mg oy %
LR AR ST, Y LTCC MRS P38 F bR A R
FLpe,  Beahild SIS T r AR R 44 i B AR 1)
WIAFAE MR, DAk BB 0 S & ik T,
BEAh,  FEBCMRL S HIARRE R 2 UL BE I FUBZ K 3R
HApeaih B, K BEE / B asl it —F
Hl#% LTCC M gl gyl XA
Ca0-B,05-Si0,""), B,0;-S8i0,-Zn0-BaO"™ A % 1 7
P AR IR B0 / BB S A, AT DU 20
R B D e g BUR e, I CRAUE A FE M e
FIHE R L T e 2K

MLCC iy FH B 5 35 55 B0 5 5 B A R o e R A
TR, IEZRUEAT R A 2 RS P A e A v FE AN i
HLPRERE ol AN IR . K. RS
TEAE R BRI Ge 2l T2 VL T ah A fRbE 2]
SN LA REAR A ORGSR . i 2 A
VCLECAIERE UM . ARdEbeGs, KB 20 sl v it
P T SR . Dmitrieva 25 HRIY T AL R BY
Ky, WFCERWITC BN BE A LR R} 5 b s <
RIS e, HAA m U R . AR
s ORI B P, SR ZnO-B,05-Si0,-Ca0 1A %
B, P R R, WU
A TR e F R R OGBS AR AL T B
J DRMUANASE T S50 s SR 10 ] 52 1) RS P H AR FS) L REL 7
A4 2.5 uQ-em Al 8.5 uQ-cmo.

3 REHREZE

X o 0 SR A WL BT N, PR S8 J EAT T 2%
B, HERURR T B S AFEEM L
B R BB AR BRI . DG HL T IO Y
N, FF 38T T H AR R BT BRI A AL
Blhn, S B R Ak e AL, e
BYBIE IR BEA IRAS BT AL 7B 737 il P 3 4 K
BEAh, BHEBCEAANNE. S Aoh S A
N SR TERERL VLB M A e RTE R . PR
S 7 ity R SRS ARy et EE S 2 e
ATl R AN A 2K, B A
UKL B AR LI DIRE, M PRS2 A
PRFEAEFR, BB, B IR TEREEKR
J7 MR FEAER], il L e i A [
I 8 e VRS PEAME 22 B ME S0P TR PERE A 25K
RIS AL A A R A, R T 5N 22 200 Bt
PERGVERE. BLAN, AT AT B R R i ik
FIAEHLTAERY, gt — DA i A B4 B
Wi A2 22 FA R I ZESR o B RN LBLER STy T B A 2 —
WURN, R BB LA N I 2515, N
A JEBHRBERE RO TS . AT RBHED
B BOERE D MR B, 5 R FEAIRE -

BOhE: SR B TR N BRI T B 4 5 2
{128 RN S € R R S w5 s o e M R W =
Mtz 5itie.

S0k

(1] B3, BHEBEE(—): 0 BT RIE TR )], 3
L2, 1992, 20(4): 58-65.

MA Yingren. Glass Enamel(in Chinese), 1992, 20(4): 58-65.

(2] il A, R B B LN ()], B SR,
1973(1): 27-36.

Sealing Team of Shanghai Botan Institute. Glass Enamel (in Chinese),
1973(1): 27-36.

8] Hoirz, s, Wk, & JOHMEE S B s i S (D).
TR ShIm R, 2018, 37(7): 2167-2172.

MA Liyun, WANG Weiwei, CAO Xin, et al. Bull Chin Ceram Soc (in
Chinese), 2018, 37(7): 2167-2172.

[4] Afug, TR, KM, 2% Bi0s-ZnO-B0s (K45 s dHE BFS ) e 4
EPE[)(Eng). BERRERAFR, 2009, 37(10): 1791-1795.

HE Feng, WANG Jun, DENG Dawei, et al. J Chin Ceram Soc, 2009,
37(10): 1791-1795.

[5] KHACHATRYAN H, BAEK S H, LEE S N, et al. Metal to glass
sealing using glass powder: Ion induced crystallization of glass[J].
Mater Chem Phys, 2019, 226: 331-337.

[6] SHEN Z Q, ZHANG Y, CHEN Y Z, et al. Effect of pre-oxidization
condition on glass-to-metal sealing[J]. J Non-Cryst Solids, 2019, 521:



9549 B4 8 ) WRiG S S5 BRBOEVE I UR R TR 908 + 1583 -
1-7. [24] LEE H S, KIM U, KIM S D, et al. Si0,-B,03;-BaO-WOj5 glasses with
[71 A7, ZEDR, TUbbR, — P g a bl J & Tk, e varying Al,O3 content as a sealing material for reversible solid oxide

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21

[22]

[23]

ZH{F[P/OL]. CN Patent, 110304826A. 2019-08-06.

LU Kejun, QIN Guobin, YU Honglin. Sealing glass material,
preparation method thereof and connection assembly (in Chinese). CN
Patent, 110304826A. 2019-08-06.

TR, REG, %, — PR R LR T
ZH{F[P/OL]. CN Patent, 110372215A. 2019-08-06.

YU Honglin, QIN Guobin, LU Kejun. Sealing glass material,
preparation method thereof and connection assembly (in Chinese). CN
Patent, 110372215A. 2019-08-06.

2%, M, KEE, . FUSPRBGEEHEERERT ). ThREM
kL, 2014, 21(45): 21094-21097.

MIAO Hong, DAN Xiong, ZHANG Hongrui, et al. J Funct Mater (in
Chinese), 2014, 21(45): 21094-21097.

SUN Q, YANG W C, LIU Y H, et al. Microstructure and mechanical
properties of tempered glass joint bonded with Bi-B-Zn low melting
glass[J]. J Mater Proc Technol, 2019, 271: 404—412.

SRAER. S BIEPULEARIT[I]. R 4K, 1992, 2: 47-52.
ZHANG Jinyue. Shanghai Semicond(in Chinese), 1992, 2: 47-52.
MURAKAMI S, MATSUZAKI H, MATSUZAKI M, et al. Formation
mechanism of negative fixed charge in glass at lead glass/silicon
interface[J]. Mrs Proceed, 1997, 483: 135.

FLOWERS D L, HUGHES H G. Characterization of fused glass
passivation with selected diode structures[J]. J Electrochem Soc, 1982,
129(1): 154-160.

MURAKAMI, S. Characterization of zinc borosilicate glass/silicon
interface[J]. J Electrochem Soc, 1987, 134(9): 2293-2297.

YUTAKA M. Properties of ZnO-B,03-SiO, glasses for surface
passivation[J]. J Electrochem Soc, 1984, 131(8): 1862—1865.

FIELDS J D, AHMAD M I, POOL V L, et al. The formation
mechanism for printed silver-contacts for silicon solar cells[J]. Nat
Commun, 2016(7): 1-8.

KUMAR P, PFEFFER M, WILLSCH B, et al. Contact formation of
front side metallization in p-type, single crystalline Si solar cells:
Microstructure, series  resistance and
percolation model[J]. Solar Energy Mater Solar Cells, 2016, 145:
358-367.

KUMAR P, PFEFFER M, WILLSCH B, et al. N-type single-crystalline
Si solar cells: Front side metallization for solar cells reaching 20%
efficiency[J]. Solar Energy Mater Solar Cells, 2016, 157: 200-208.
HORTEIS M, GUTBERLET T, RELLER A, et al. High-temperature
contact formation on n-type silicon: Basic reactions and contact
model for seed-layer contacts[J]. Adv FunctMater, 2010, 20(3):
476-484.

ZHANG J F, TONG H, SUN X J, et al. An investigation on

determinants of silver paste metallization contact performance on

temperature  dependent

crystalline silicon solar cells[J]. J Mater Sci: Mater Electron, 2020,
31(7): 5752-5759.

RIS, RS R O A A I]. A2 E B dh, 1990(6): 38-39.

A Wen. Natl New Prod (in Chinese), 1990(6): 38-39.

SUN L B, LIU C F, GUO S S, et al. Wetting and joining of porous
Si3sNy and dense SizN, ceramics with in-situ formed B-spodumene/
spinel glass-ceramic interlayer[J]. Appl Surf Sci, 2020, 517: 1-12.
SUN Z, CHEN X, MAO Y, et al. Joining of SiC ceramics using
Ca0-AL0;-Si0; (CAS) glass ceramics[J]. J Eur Ceram Soc, 2020,
40(2): 267-275.

[25]

[26

[27]

(28]

[29

[30]

311

[32]

[33]

[34]

[33]

[36]

[37]

[38

[39]

[40]

fuel cells[J]. Ceram Int, 2020, 46(11): 18256—-18261.

KRAINOVA D A, SAETOVA N, KUZMIN A, et al. Non-crystallising
glass sealants for SOFC: Effect of Y,0s addition[J]. Ceram Int, 2019,
46(4): 5193-5200.

MM, Rk, WO, . XTR REE MLCC FMR IR e &b 4t b
WREHOTEAI]. | 2446 T, 2017, 44(13): 321-323.

SHANG Xiaodong, SONG Yongsheng, LUO Wenzhong, et al.
Guangdong Chem Ind (in Chinese), 2017, 44(13): 321-323.

LEE H S, KIM S H, KIM S D, et al. Compositional effect of
Si0,-B,03-Ba0 ternary glass system for reversible oxide cell sealing
glass[J]. J Korean Ceram Soc, 2019, 56(2): 173-177.

AYAWANNA J, KINGNOI N, LAORODPHAN N. Effect of bismuth
oxide on crystallization and sealing behavior of barium borosilicate
glass sealant for SOFCs[J]. J Non-Cryst Solids, 2019, 509: 48-53.
I, B, A=A, %5 ALOs EiEX) ITSOFC H] SrO-La,Os-
ALO3-B,05-SiO; AL RERIE WI[J](Eng). FERREh74R, 2014, 42(4):
557-562.

SUN Xiao, ZHAO Shilong, LI Yizhi, et al. J] Chin Ceram Soc, 2014,
42(4): 557-562.

LIN D W, TAN S W, LIN F, et al. Improving the sealing performance
of glass-ceramics for SOFCs applications by a unique ‘composite’
approach: A study on Na,O-SiO, glass-ceramic system[J]. J Eur Ceram
Soc, 2018, 38(13): 4488-4494.

LUO Z W, LEI W C, LIANG H Z, et al. Improving sealing properties
of CaO-SrO-Al,0;-Si0, glass and glass-ceramics for solid oxide fuel
Effect of LayO; addition[J]. 2020, 46(11):
17698-17706.

TIMURKUTLUK B, ALTAN T, CELIK S, et al. Glass fiber reinforced
sealants for solid oxide fuel cells[J]. Int J Hydrogen Energy, 2019,
44(33): 18308-18318.

YAN J J, WU Y K, LIN D W, et al. Structural transformation-induced
surface strengthening of borosilicate sealing glass for solid oxide fuel
cells[J]. Ceram Int, 2019, 45(12): 15629-15635.

YAN J J, CHEN R G, SA B S, et al. Rigid-resilient transition in
calcium borosilicate sealing glass-ceramics: Effect of preferred
orientation[J]. J Eur Ceram Soc, 2018, 38(5): 2410-2416.

ZHANG Q, TAN S W, REN M Y, et al. Effect of Gd,O; doping on
structure and boron volatility of borosilicate glass sealants in solid
oxide fuel cells-A study on the Lag¢Sro4CogrFegsOss (LSCF)
cathode[J]. J Power Sources, 2018, 383: 34-41.

REN M Y, YANG P, XU J, et al. Effect of nickel doping on structure
and suppressing boron volatility of borosilicate glass sealants in solid
oxide fuel cells[J]. J Eur Ceram Soc, 2019, 39(6): 2179-2185.

KIM Y R, NAKAYAMA T, KIM H S. Effect of Te-based glass on
contact formation and electrical properties in Si solar cells[J]. JAlloys
Compd, 2020, 829: 1-9.

REKCTE, MO AT, Fodtte, S R R 8 i b ORI ¥ SRt K
il J7 RIS RHP]. CN Patent, 201610595817.7. 2016-12-14.
XIONG Changjun, AO Yiwei, ZHENG lJianhua, et al. Glass frit for
silicon solar cell paste and preparation method and paste thereof (in
Chinese). CN Patent, 201610595817.7. 2016-12-14.

KIM Y R, HUH J S, KIM H S, et al. Effect of basicity of glass frits on
electrical properties of Si solar cells[J]. Solar Energy Mater Solar Cells,
2018, 185: 97-103.

GAO Z, JIANG X, WANG X B, et al. Rare-earth element doping in

cells: Ceram Int,



1584 -« CREMR £R 27 4R

J Chin Ceram Soc, 2021, 49(8): 1577-1584

2021 4

[41]

[42]

[43]

[44]

[43]

[46]

[47]

(48]

glass frit for improved performance in silicon solar cells[J]. Funct
Mater Lett, 2019, 12(6): 1-4.

LIN C Y, SHEN Y W, HUANG C C, et al. Laser sealing of organic
light-emitting diode using low melting temperature glass frit[J]. Opt
Quantum Electron, 2017, 49(6): 1-10.

TIAN R, CAO F, LIY, et al. Application of laser-assisted glass frit
bonding encapsulation in all inorganic quantum dot light emitting
devices[J]. Molecular Cryst, 2018, 676: 59-64.

BANG J C. Synthesis of P,Os-V,05-ZnO glass frit for laser sealing of
OLED by the addition of filler[J]. Je Korean Institf Electr Electron
Mater Eng, 2015, 28(9): 571-576.

SHIN J Y, CHA J M, RYU B K. Effect of Bi,O; on thermal, chemical
durability, and bonding properties of V,05-P,0s-TeO, glasses for
low-temperature sealing glass[J]. J Ceram Soc Jpn, 2018, 126(7):
557-562.

SASTRAWAN R, BEIER J, BELLEDIN U, et al. A glass frit-sealed
dye solar cell module with integrated series connections[J]. Solar
Energy Mater Solar Cells, 2006, 90(11): 1680-1691.

RIBEIRO F, MACAIRA J, CRUZ R, et al. Laser assisted glass frit
sealing of dye-sensitized solar cells[J]. Solar Energy Mater Solar Cells,
2012, 96(1): 43-49.

SRINIVASAN S, MALONEY J J, KHADILKAR C S,
Microwave sealing of inorganic substrates using low melting glass
systems[P]. US Patent, 20140261975A1. 2014-4-23.

GORNI G, ZAMA I, MARTELLI C,

dye-sensitized solar modules based on a prototyping pilot line and their

et al.

et al. Fabrication of

integration into enegry storage microsystems[C]//CEn2017 Ceramics4
Energy, Faenza, 2017: 6-9.

[49]

[50]

(511

[52]

[53]

[54]

[53]

[56]

SEBASTIAN M T, JANTUNEN H. Low loss dielectric materials for
LTCC applications: a review[J]. Metallurg Rev, 2013, 53(2): 57-90.
H&, T, FLALIE, 4. BaO-ALO;-B,0s-SiO; ##/SiO, Filglk
G IL PR R[], BB S 4H 2, 2011, 39(2): 1-6.

XIA Dong, WANG Zhongjian, KONG Fanzheng, et al. Glass
(in Chinese), 2011, 39(2): 1-6.

LV Y, ZHOU W, DONG Z, et al. Influence of CaO-B,0;-SiO,

crystallizable glass on microstructure and microwave dielectric of

Enamel

LiMgp 9Zn, ;PO,4 ceramics for LTCC substrate applications[J]. J Alloys
Compd, 2020, 844: 1-8.

CHEN J, YANG D A, ZHAI T, et al. Influence of B,053-Si0,-ZnO-BaO
glass ratio and sintering temperature on the microstructure and
property of copper thick film for low temperature co-fired ceramic[J]. J
Mater Mater Electron, 2016, 27(2): 1929-1937.

DMITRIEVA A 'V, GORDEEV P S, GALLAI I Y. Investigation of the
Pastes for Multilayer Ceramic Capacitors Termination[J]. Key Eng
Mater, 2019, 822: 885-891.

KISHI H, MIZUNO Y, CHAZONO H. Base-Metal Electrode-
Multilayer Past,
Perspectives[J]. Jsap Int, 2003, 42: 1-15.
YOUNG, JUN, HONG, et al. Characteristics of ZnO-B,0;-Si0,-CaO
glass frits prepared by spray pyrolysis as inorganic binder for Cu
electrode[J]. J Alloys Compd, 2011, 509: 8077-8081.

VT, PRI, P B AR BRI Ry S 4% TV [P
CN Patent, 202011371413.2.2020—-11-30.

QIANG Qi, YAN lJingtao, ZENG Huidan. Ultrafine silicate glass
powder and preparation method thereof (in Chinese). CN Patent,
202011371413.2.2020-11-30.

Ceramic  Capacitors: Present and Future



