I "#$ %
& ' (|)*)+"#-.."w 012
3 (#4536
768 59:: <'(c <« :,,=>,-7>
@
A
#( B 4% GD'E#H (' #q H ;@% | BH#IHVG

59: < J' 4&< "EK< IS

#7( B 44 GiD'E



= = v R ED
TSR I S rse

HWME63E1A

2 By — EB



B2E
2.1
2.2
2.3

2.3.1

2.3.2
2.3.3
2.3.4
2.3.5
2.3.8
2.4
2.5
2.8
2.7

B3=E
3.1
3.2
3.3
3.4
3.4.1
3.4.2
3.5

=H

# W
FHAROEREHE -«
2 i 3 D HE X

* > * * * * * > > *

¢ 4 o o o e o

HOAL&BOZENMES

. * . * . L * * * L4

ﬁ
KBGE . -

i)

*

* L * * * * >

HSAETZNLIZTDLOBEEIMES
HISAEZNLIDOLADOBEEMES T 3

7

ABHhosOMEDEHR

HIAEBRBEROZ7 LI LOBE
BANLBLITRABEOBE
BAMCBLIETHARMNOVE

BEAMCBLIETHIAFONL0BOEE
BAMCBLIETHEEERBOKYE
HIAELEBEBEOERO MRS

HIRA/ eBEARETORTERY
ABH»SOMEOHRCET 3 EFR

#*

ol

REAY VAT ERELROBENNES

# 7
KRB

BREEME XA3FELILVAT7HEOREAL
RIZAYZ7RELYNAZTZELBOETEH MBS
Zr0, (15mol Mg - BB EB O BILEI MRS
KRB TDLro(15m01%Mg0) & CuD BIEEN TS
AV P 7RAREAV L7 ELBOEEHMES

*

*

*»

-

*

*

*

*

*

L 3

*

.

*

. * * * * * - * *

*

> * L *

* * * *

>

* * ¢ o+ & 4 * o * > o 0

L

L 3

*

*

* L4 * * L4 ] L3 * * * . * . * * *

* * . » * * > * * > * * L d * L

*

*

*

*

L 4

.

L

*

*

L 4

*

L 4

*

L4

*

*

.

*

[N B o A EEN 2 N

10
11
12
13
13
15
16
19
21

22
22
22
23
26
26
33
35



3.5.1
3.5.2

3.5.3
3.6

B4E
4.1
4.2
4.3
4.4

BEE
5.1
5.2
5.2.1
5.2.2
5.2.3
5.3
5.4
5.5
5.5.1
5.5.2
5.8

BEE
6.1
6.2
6.3

6.3.1

PSZ20:) CUDBIEFIIIIES o o ¢ o o o o o o o
PSZMY 00 CuDBREEIMBEARB LT

BEEMS AELDHEE « « oo oo 0 v v v oo
PSZ(Ya0s)ENIDEEEINBES = o o o 0 o 0 o o
T

L . * > * L) L o o * * * * L 4 * * > * * L * L4

il

TRV IL 227 E R EOE A E

=X
ﬁ ﬁ . * * * * > (4 * . * * * » * * L4 L4 L 4 * * L 4 *

%ﬁﬁ?ﬁ 00000000000000000000‘0
KEALY N 2 27 3 43 B2 B O T JE N o 40 3

-2
F=ooooooo'oo¢ooooooooooo
0o

*
*
*
*
*
A d

*
>
*
*
*
-

BEREAOMECL S RICYREEZREOER « « » o o o o o

=
ﬁ 'ﬁ * * * * * L4 * * * > * * * L 4 * * * * > * * >

EERFIE ¢ ¢ o o o o v v 6 o 6 6 s 6 6 0 6 s 0 0 e
BILDREEMEOBBIESE  « o o0 0 000 v o
BEAMEC & 3BICYRBEREO RS
HHEC X SRR BERBSORRAE » - o - - -

>

* L 4 *

BEYAREEXAROBBARHECH T 3 HAEORE -
BEEAMER L 3BRICDAREESBOER <« « « o+ -

BRECLXIBIUCYREEREKOER o o 0 ¢ o o o
Y-Ba-Cu-0 ;‘éﬁgﬂ&ﬁ@#m ¢ 0 ¢ e 2 4+ e o 2 e s o
Y-Ba-Cu-0 RBEHNKRBOHKUBR L2 HEHBFHEORE

p—y
% * * * * * . L d » * * * * * * * » * * > * * *

el

i
#
%gﬁﬁ;‘;f ¢ 6 4 6 0 4 4 6 4 6 4 6 & 4+ e e 8 e s o
BRIV L DT EA~MeB 2 OEHRISES -+« - -
BAHRBIEIREMY LA 7HOTHYBOEE

1/

‘772&@@@@%&5&;&’% ® & o 6 2 * s o o

[ ] * * L J . * * * > L4 . . * * L d > L * * * * L 4

ol

L d

35

39
42
45

47
a7
47
48
53

54
54
54
54
55
56
57
63
67
67
70
75

77
17
77
80
80



6.3.2
6.4
6.5

6.5.1

6.5.2
6.6
6.7

BTE
7.1
7.2
7.3
7.4
7.5

B8E
8.1
8.2

8.2.1
8.2.2

8.3
8.4

8.4.1
8.4.2
8.5

8.5.2
8.5.3

*

BAENCBLIETRABHAROEE
TLIFEW-ATiIRLOBRRKIEES
ZLLERCAGLOBEUREES
SisNsEAIDEBERISEA o« »
SisNsEAI-Sid2OBERKIEHESE -
RILEREAG2OERKRISES
&

® 2 2 e 6 o 6 9 e 9 2 4 b+ &

*
*

*
*

o

9
7
ERE A v ¢ v o v v v s e e e e
EEEREOIZIEE ¢« « o o
35
=

{i

VIR LBOBERIER - - -

® 4 4+ 2 6 s s s e e s e e

il

14

ol

L 4 * * * * * . * L 4 * * * L 4 >

3

Y 2;

VI AEEBORE

2
Ef ¢ @ 6 0o 2 o 2 6 o o ¢ o o+ @
# 5

;gﬁﬁ?ﬁ ® & 0 0 o & 2 &+ + e o ¢ o
531V ARESBRORIS RS &

*

> * >

HEBHEAMFRAVEES IV I RXELED

L 4

L

L 4

*

*

RIS EBEBHARDMTHE + » » o

WIEHESi Ny SICHEBBLERORIS
QMS\&HL‘K‘ZSHN‘: CERBOBEBEXD

EEZEMBRIEREFZAODRH + » -
SisgNgy EEBEBEBORIE ¢ ¢ o o o
SigNgy EAIDRIS ¢ ¢ ¢ o o o o o &
QMSZHVESIC t£BOREAHEKD
EEMBILBIREHTAOHHF - -
SiC EBEBREORIE « ¢« ¢ o 0 o
SiC SAIDJRIE o o o o 0 o o o o o

*

*

L4

*

>

VI AEMBIUA-MsALDEBT

L 4

*

L 4

*

*

>

*

*

*

*

*

*

82
84
88
88
g1
93
95

96
96
96
97
99
102

103
103
104
104

105
107

115
115
122

124
124
128



8.6 FALIFECU-ATIRS DRI

8.7 =

i
*
*
*

B9E % W

U
*
*
*

2EX®H -

*
*
*

FRXRTEHEUVRERAX

*

L

*

*

* L 4
* *
L ] »>
* *
> .

-iv..

L d

130
134

136

138

139

144



5= 1 = =

il
3

1.1 FHROWRLEN

BEDOFEH. ME. BTN, BEHE. L7 oV AREOEBIEORE
REBLHELV. HEOEARESUEVRBHRIERY . RXEALVTERENT
BEREHAZC ENEERR>TETWS, 22T HXBEASATEREE.
TORF VI AREC B A, Bhefit. FESE. B5EREERE OB
EROEIIvI AR, BEAHMBEUTEETECENPEB/IATL 3,

UDURNS., BESERORRE. BRRLEHUT. £33y 7 AWMIHE
BEL, BERIHEVRLORAERSLDE. ERCEHATICSR->THE
NOORAEBI DI, 2EMBARELO2BHULOEMEHA L R EAME
EUTOBABZELOATV S, COETIv I RLLABOEALOB IR, &
FGIVIRELBEOEARMPEERMIENTH Y. CZHRECOLBTOW
ABBARITONRZLS5ER>TE R,

ESIVIRELBORARNETORREOYELSHBE. €I I v I R
LSBEORABRNERI DR, REXOLEFATOBES L HBUTHL <. At
Xp>2BOBACAVIATV3REHE. BRBRESE. 35 k. EE
EBERENTR - RRAUTHAVSATLB[1~3]. BN—V 2. €I 397 X
LRBOBAZEOAEO—FERIL 41,

ChoDBEGEDODHFTHRDLELAHAVOINTVEOUE. 3392, 2B &Y
LHAOEVA VY~ P HRBEAT S35/ ETSH 3. UDURNSE. 4 VY-
PHEAVRES. BAKORMBEE A VY — I HESOMBERAE EESAH
3. 22T AVY—HEAVTEIIv I RELBERERREO 2 THE
BATAEMEBAENEEShTL 3,

ZRNETOWRRE. BEYRELIIVv I AEHRELLLOBEh okt &
EHERMEEUTOREIESE LT, SN (BALER) . SiC GRILESR)
REDEBRILYR LI IV I ARMEELRHENUEVEELR>TETL 3,
—%. HEMOLBELT. BEBE. €53 v 7 ALOREHREESERU T,
Ni-Cr % Fe-Ni RREOMBAESL. BARETOBSHEERU CTERPES



1S SV AL BRDRE |

R KRR

T T T°1T T T 1T 7717 1 1717 T 1 1
E kB OW Bz H REZHZE L £26H 3 C 8 7 %
t 2 it B & o 2 8 EP O | » - 88 V ¥ o i
€ X B §H S ot o B FE N - bW 2 ¥ D B Mo
B Y - % % & & # mH { * - B
& 72 # - B & ¥ & I v P &
2 BB e p { v %
7 B F % I D %
) 2 i . % 4

v ® 2
b 7 o
= t o’
‘ %
i £

DAYN—, 7L BREOALOBEABELSATV S, CD& S BAH
HOBADP AT EIIvIX. 2BEAL. RECEEEOOOBNHRZE LT
Bhoh3E50R>TETL 3, |
SV AL SROBARNOENET 322 TS vy A0OKBERE
DUk, BENECEELEOS 3 BAKOERI TH3. CORBRHUTUT
ERHRBEEUTELSh 3,

(1) €339 7REEBEOHATOER
(2) EIIVIA-LBREAABTORE
(3) I3 vIX—LBBEARRECOBEOME

(4) EEFEORE (A V¥ —PHOERE2E)

(5) Zoft

FwRXid. BHRETOES IV I AELBOBAREMNELTEY. (4)0D
BAHEORFCEELVT. ERRUVAEMEBSZEOR» > EEAME. EGHK
REGEBIUVEBERERNV LY. Cho0BAZOFAEBXUBEAHR
ERBIZHEBATFEDVTRFULTV S, $. LEOHFRTE(2)KEEL T



LREOBBARLBY ZEIIVIA—SBERETOMEORISEH IOV TR
HUTV3, 2. AL UVTEEIMER X3RELY L A7 HHBEEO
SEEBRANOEEBEOYUEBLCEEIMEL AL R BILYRBEL KO
B E9I9v 7R/ @BRRECORKEHRYUO DRI 3D ORBHRFRE
UT. MEBEEAFEAVTEI IV I AL LBOREEH LRI UREE
RERDVWTHHEXRXTW S,

1.2 AR X DK

AR, 1. 1#HTRUEESIIVIRAELBEOREGEORT. XL UTHEHME
BAER I3 ELIIVIAEEBORKEGREHA. BARREETSIHHEFREOL
TERHRZBRFU. 93V I AELEBEOBAEBIUVEOEWECHREYT S
—~EOMERRRLIEDRLDDTH 3,

E1ZUHATHY. FRNOWSELHHRODVTERTL %,

B2ETH. FIRXRELLBOBEROMBEARITL., TEUTHEAHREHUTOD
ABOLPSOMEDHRREDODVTAENTV S,

BI3BETE. BEEOMEEBRRAAEXRTHIEIRELIYI N7 B30
BRREEAIN AT ELBORACHEALU. L UTESRETOHREEOL
THRRERE2ANTL 3,

BAETE. BEREOMZEORAHEUT. BHEBOSBERANOESHELH
LIV B2 EREHBMEUT. EEEVIZ7HABBEBEH U CEEEMAE S
TokBERRE2>VWTHERTY 3,

HBOETE. EEEIMEORBEUT. EEEMR L B3EELIY LA TOR
RAAOBHEAAIIBRLYREERAOER L DV TERT VS, Thi
HEULUT. BHECLIIBLYREEAEROERRR DL THBNTY 3,

BOETUE. B3IV IAELBEOEURSEGRBROEARBTITL., ¥
EXEBHEFRODVTREFUTVS, 5399 2&UTER. FEEY L7,
TFLUITREOBILMR LI IV I AOHMRIERBILDRELII VI ATH B2
HE. KILEELHL R,

BT7ETH. HERBREAETHIIEBERERZEIIVI ALLBEOREGK



BAURERZOVWTHENTV 3,
BETUH. €3IV IACEBEORACBIIBSRETORICESCHET
ZEBWRMAREBICERANE LT, NEBHEHH. XREFRELX
DEIIVIAELBLORBEHEODVTRHUVAEABRRZSDLVTHERTW S,
BOBURRTHY. AHRTHEIWRBERERBEUTHERTL 3,



= 2= FTT = R &= JE oD
= )X EN o 2 &

2.1 #

mi

BIEEIMES ( Field Assisted bonding % % Wt Anodic bonding ) W H
FGAEEEDLIVIEEERERERT 53 HEE U TPomerantz 2K VEFEI .
1960FF W RRIN TV AL 5] TOHEW. Na* 41 F V2 HABRBET B3NS
Fe-Ni-CoR&DEE[ 6]. B—7LIFELERBERBEOESL 7). YV arkxkB
BoREL BIRECHHAIHh TV S, TOEAEXBEULTIR. BAEE 700K
»H1000K. HESEE 200V 2000V ETHZEXhTWS, FUT. ¥
AERBIRODIICHEBIATYVWASL 9],
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2.2 RBRHG &

ARBREERU A Table 2.1 Chemical compositions of glasses
FGARTHEREAT IS used for field assisted bonding
& UNa 08 HEE AL Chemical compositions (mol%)
TRREAEED Si0,- No ["sio, | cao | Mo Na,0 | Al,0, | Zr0, | As,0,
Ca0-Mg0-NaO, R RVEH 1 72 8 ] 15 1 ~ -
2 65 20 10 5 1 1 I
SATH%. FHUL R
3 60 20 10 10 1 1 1
5 ADILF M % w [ 55 | 20 [ 10 | 15 1 1 1
Table 2.1 WER¥T, & 5 50 20 10 20 1 1 1

O ET. No.lli'rﬁﬂﬁiﬁ *A1,05,2r0. and As,0, were added as dorpant

HF X No.2» B No.5W% Si0:-Ca0-Mg0-NaO, RAVEH S ATH 5. HI A& D
GRAVLVEREEBUHEIN.F% U LEDAI. Ag. Co. Cu. FeBXUNITH %, B2RE
BHRE 2mOERODOBHVEY. AMIRDVTWEX3Sun OBBLIUVERE |
mmDEDH O k.

FERCEHULBEAHEBOEARE Fig. 2. ICRT, COEBUEZHER
(M FEETE: TX10°%Pa ) « MER (EXMES . 700kg/em? ) . fngh
P GEFIRBE  NIi—CrEliMo. SEMEMEE  1200K) BIUEENWHE
B(RKRKEE: 500V, BEREHR: 3A) o3, FEAEER. BB
BEFERMTZ (FIZE. Ars N RE) PTOEBRBTETSH V. MBHOER
FEBUEUTNI—Cr2HLV3CERIVBIEHZES (I, KRP) TOX
BRLUUKETH %,

MEAEAFALR Y TOHEOWMER LI EABR. EETHEM T o
—FRELREOMELVR. MBIPIDHBP BT I ABRENTETS 3,
XRTOARFEBERIXBAFCIMOF T 2HBEXN (JIS—K&HEBEX) CLXv#lEU
oo BEEMMABRISOV. IAOKHFEREREBLIUVTROEREEEEER
BFE (FEI00V. 3ABLUS00V. 1.2AD28) BEATHETH 3. HI3 A&
LEOBITONMBESGCSVTRIAEERLEAL. Fig. 2. 1FOBHRMERE
R 50Q&Lk. ERPVTORBRFEE,. BEER. EEERLEOEEINYL
A=Y TH&G U k. -
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Fig. 2. 1 Schematic diagram of apparatus for field assisted bonding

BREFEOFMIUTO
E59TH 3.

(1)

(2)

Fig. 2. 2 KRV
RERD. HI R
OHEBIUT )
- FUBLXUHRY
—FRl&EDRHE
(S A&
W) BRL XY —
K D1500%F = TH
BT 5, HER.
7 M PEEFHE
HFLLIOBIEY
%

ARF2ERULE

10 15 30
> il 0
™ ~ ~
CT T c 1 L -
(a) (b) (c)
(a) Glass

(b) Cathode side metal

(¢) Anode side metal

Fig. 2. 2 Specimen size and form for field

assisted bonding of glasses to

metals



f&\ 7/—' F M%’
ERBRRCY—-FEE

NeJ1wy sy + ~
¥ 3,
(3) Zoi>wUTH (e)
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U BB % /( |
~— ST ==
’Fug:z.BLZz:j‘.J: R K\(b)
SWHREU. Fig. (e)
2. leRURBE (a) : Glass (Ceramics)
KETZERET 3, (b) : Metal electrode
. (¢c) : Lead wires
(4) 2ROBIL2EH< (d) : Termocouple
Hic. EEBRR (e) : Alumina for insulate

BEZE(7X10°3%Pa)
Fig. 2. 3 Assembly for field assisted

Wwbl. Fig. 2. 4 bonding of glasses to metals
CRUZ#Y 1D

LT 5, B -
BRI Fig. 2. To : Bonding temperature
IOFREE T, Tb: Bonding time
K@U, B Em“ummﬁ

Uk,

BRE. AEBromAi 3
FE ST % B o 52 ik 28 7 W R
D0.TMPaT 3. LILED X
SRBRFIMTHSIAELED
BEEMMESARZITV. BE

10K /'min

Temperature

50 K /'min

HERXBLFTHGEE. & Time
BHRE. BABEERCEA
AEAFORECOVTHRH
Uk,

Fig. 2. 4 Heat cycle for field assisted
bonding



2.3 HIAEZ7AIULAORENMES

2.3.1 HIAEZ7LIZTLAOBEHMBESEIN T IABL»OMEDTR

HIALLBOBREOMBEERTBL TR, ¥ T00KH» > 1000K O s B kX UED
MBEEUT 20003 1000VBRETHIEThTVE, AWETRIAB» D
BHEORNEOHREDVTRFT I LD, METTOHIRAELEOERH
mEERIT - 2,

Table 2.2 Fig. 2. 2RFRUVREROTERIET S A LHE 2mDAIRKE. 4
WHOOMENZEALSIETCEROMBEEGULEEREETRT, TDOXRTNo.1&No.2
RILEKTBE. BEEM 10min, ENIMEE 200V HE» SO MES 0.034Pak
—ERU. BERERTREILIERLBSA. B8LKTWUBATIORHUL. 773
KTEEGURD >k No. 3N . IDEEARBDSB. ABPOMENE TR
FI23MEDO.TMPall U2 IZETH Y. ABDPOIOMEANRKELTRI LWLV
BOEER STV S, T, ABH»SOMESIN0.TMPaL KE LIFE. No AR
Uk WHEAERE 673K, &Agrlmvthvﬁ%kﬁh BEE. BAE
ETdHBEATI208FDHdhh 3,

BEBEER—EEUTHIALAMOEENMBEARIToREE. BEREEKRM
EHEET R, BEVHRBLTWY. ERERHBAEHCHENT S, BAE
BESRR. BEREEIXNEHRZYPIRPHIPEELT 2, 2O. BXERETZIOR
ETL5RMEAN. AB»SOMEABREVEEELIR>TV 3,

Table 2.2 Effect of external pressure on field assisted bonding
of commercial plate glass to Al plate

Bonding conditins

Current Amount of Bonding
No. Pressure Temp. Voltage Time electricity observed
(MPa) (K) ) (min) (ua) (mC)
1 0.03 773 200 10 13- 34 16 No
2 0.03 823 200 10 80-500 84 Yes
3 0.70 773 200 10 33-200 35 Yes
4 0.70 673 100 10 2- 10 5 Yes




COERIE AFALAOEREMBERBLTW. 4B»r>30MEEA R
MRBBY., ChETITOOTELEEOEEMMBES LB UTLIVEVES
BE. BEEETOREMTEEER 3,

2.3.2 H53ALBEERO7LIZLOES

Fig. 2. 5 CHBRHRHA I AEBEBEROAIZBAULLESD. BAKONEE
BEE27RT. BROAE. (a)DESREDB 23 hEETHEEL. Z20BAEEE
CHEETH S5, EROAB(DIDIIRCEFREAhVIEEEL. BAREN AR
CBEBIEAI AR AIEREINTZEUTERM ok, (c)BLU(dIER
ROAMEHTFARBEEURBATS 3. (c)RBAULRES. (EEALRD

(a) Glass/Al wire (b) Glass/Al foil

B

[

(C) Glass/Al plate (d) Glass/Al plate
(bonded) (not bonded)

Fig. 2. 5 Appearance of field assisted bonded specimens (a) glass to

Al wire, (b) glass to Al foil, and (c)(d) glass to Al plate,
(d) does not bonded
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>hiFBETH 3. (c)TE. HIANBRAIEOHBEROZELEET LR
SGhB3UNDRENBHON S, COFE. HIALAIOKREBOBEWNH I X
DBEDETB 3 EEZON S, ERRWE, TSXALLBOBERHMBEEARIBL
T, @B&UTan—J. Fe-Ni-Cr&&[ 6] CHBRBOPIVEEBHL
GHhTV3, AMMRBAVESEARD. B330WEIETH hE(a)X(bl)D &S EH
DEEVRVEBEREEGBHTEOIDS. ULDURYBS, HIRXLAREEGR LR
BEOHIABRTOEHORLEDFELR LV, MHEORAOUTLHERHE T
B3ZEWMTES, EZ T UTORRTUHNIAPTOESRELEOEEILLY.
HIAEELRBREDEBAOTHFERHEL 2,

2.3.3 HEMHKBIITEEERZOEER

AGARETLVIZTLAOBRAMBES L BT 3 EEEXMEFORRLCOVT
BETBsLDE. 9. BAEKFE 0nin. BEEN ( SBI»OMES ) %
0.70MPa & —FEWR L. HEREBIURECEERELIE TEHZFOBRENNEE
BiToko #EHT IR

! 1 i |

EUTEWERERAT 7R 800k 0 -Bonded Bonding time : 10min
SEHU B, — X :not Bonded o

: x o

Fig. 2. 68 XSO o y o)
wEEeE~nERe J | o o
= A @
Y. APOHIES g_ % O o o o
BEOOhBEERHE. 2
XEII®EUR-o D> g‘ o o o
rE&RHERY, 2 8O X X x ]
OE» 5. BABESO X *
VHs 200V T 613 o] 1 [ | L

. ‘ 0 50 100 150 200
KOALOBRETREY Bonding voltage (V)
HEETH B LMD
>h3, ThUTOE Fig. 2. 6 Effect of bonding voltage on field

assisted bonding of commercial plate
GEREEZBVTE. & glass to Al plate
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HTHEANEDSh TV S, BAEE 673K, BABENVS XUBAEE
6I3K. EHATBHESOVEWLSEERZHIE. Table 2.2 TESBID s> LR W No.1
PHBUTEERESE. EEEORARHETS 5.

2.3.4 RBRABEBIEIRAREOEE

HETE. HRAIAEZLAISTAQBRENMBALE VT, BaEB3R
DR, BAEESEVEATEOMBBLETS Y. BABEOVLLETY
BEEE GISKUETRANABTS S 2 & RBN L,

22T, BABRBIETRARENOLELHI MR T I LR, RABE
% 200V. BAENE 0.70MPak —EW L. BABESLUBABM Sy
TRETHAREPANLRBERRZ DL TiENR S, Fig. 2. TRARUE LS. BE&
BERAXLTAC

- N 650 | I | I { | L=
&y, L9&a Bonding voltage : 200V
TOESIEER ~

X o O :Bonded
2TVBEZEBRY o X :not Bonded
5h3, Plxid. # 2 eoof -
et ' X (o] o]
GRMZ 60mink R é %
ST 3¥. 533KE: & x ° ©
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during bonding on field assisted bonding
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Table 2.3 Bonding conditions and results for field assisted
bonding of commercial plate glass to various metals

Bonding conditions

Anode Current Amount of Bonding
metals Pressure Temp. Voltage Time electricity observed
(MPa) (X) Q) (min) (ud) (mC)
Co 0.70 723 200 30 14- 210 84 Yes
Ni 0.70 723 200 30 20- 1200 58 Yes
Fe 0.70 723 200 30 115- 350 44 No
Cu 0.70 723 200 30 1750~ 4600 5290 Slight
Ag 0.70 773 200 7 1850-18550 3480 Yes
Al 0.70 673 200 40 3- 27 10 Yes

Table 2.3 WRU R LD, HIAELWUBIUADOERHMBESR BV TH.
BATCERCEVEBAEEARL. BEERECLBRT L. HOLBEEORSE
DIBED 1VRBEECHEER>TVS, ¥2. HOSE2EBRBURLES. 2.3.
1ETHENR &S, BATOERERBRELE -2 BYWIPDPLHIT S0
U, Cub B WiEAREE L REA. Table 2.3 RRULBEANTRERUE
Fhe X3, HOREEF VA EACHEARONS A0BOEILIEED S h
B ok, CuB3VIATEHLRIBE. BAK. 7/ - FHOYS ANBHE
FEUTOWEORED Sk, |

DLEOHEP . HOIRELBOEENMBEARBLTH. SER-DD Y 4
TEAET B ENTES, Thids (DEEERENIE . FEERIEX
BEE-RBROEVDPREHADT BCo. Niv FeB L UAL (IEEERENAE <.
BEBRSBMELACEMUKRYT. BAKTY /- FHOAI ANBLEESED
BN BCUBEUALTH 3o

2.5 HIA/ 2BBRERBTORREY

AZAELBOBERHMBEELBVTE. HIXAANOBEEMIZ &V H S Atk
D N AF2R7//—-Flpohy—FHMeBHIT B, Fig. 2.11c. EXEHM
ROAIZAD7 /- FUBIUAY - FUONBREREPMALK VAU K

RERT. COEMPS. 7/ —FRUTENEBEBBEDUY 10unDNaRZBERE
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Fig. 3. 7 X-ray diffraction pattern for anode side fracture surface of
Cu/ZrOz(ISmolZMgO)/Cu joint bonded at 1073K for 20 min under
electric field of 50V-->750mA
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Fig. 3. 8 SEM photograph and EDX element
analysis results for cathode side
interface of Cu/ZrOZ(ISmOIZMgO)/Cu
joint bonded at 1073K for 20 min
under electric field of 50V-——>
750mA/cm?
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Fig. 3. 9 Microphotographs of both anode and
cathode sides cross-sections of Ni/
Zr0,(15mo1%Mg0)/Ni joint bonded at
1073K for 60 min under electric field
of 100V-->750mA/cm?
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Fig. 3.11 SEM photograph and EDX element analysis results for cathode
side interface of Al/ZrOZ(ISmOIZMgO)/Al joint bonded at 873K
for 40 min under electric field of 100V-->70mA/cm?
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Table 3.1 Bonding conditions and results of field assisted
bonding of ZrO,(15mo17ZMg0) to metals

Bonding conditions Formation of layer
No. Metals Temp. Time Voltage Current Amount of Anode Cathode
electricity side side

(K) (min) (V)  (mA/em?)  (C/cm?)

1 Cu 873 60 100 750 1130 Yes No

2 Cu 973 60 50 1510 3840 Yes Yes
3 Cu 973 60 50 750 1210 Yes Yes
4 Cu 1073 20 50 750 680 Yes Yes
5 Cu 1073 20 0 0 0 No No

6 Ni 873 60 100 750 790 No Yes
7 Ni 973 30 50 750 680 No Yes
8 Ni 1073 60 50 750 2560 ‘No Yes
9 Ni 1073 60 0 0 0 No No

10 Al 873 40 100 70 60 No Yes

TOREARVLAZTHRBREKADOERBAD RV EIh TV I BT
FRETE. Cus NidBVIRAIRZr0(15mol BMID EHIFMI B ABRELEE T
RTEREKY. AY—FHMAEBTOILr—E&EBOERBBIDO R, TOHY—
FROIr—&BREOERR LY. RELV L7 LLBOREREARE L
%o

3.4.2 AREHBPTODIr0,(15M01%Mg0) & CuD BEEEI MBS

3.4. 1Tk EEHTIr0(15m0l %Mg0) E £BOBEENMBARITO. &
FEOAYV—FURETOIr—2BBOEBMR LV BESBONIZERHELHIT
Uk EEHTR. RELCVLAZTAOBERDOOBRTHRAB I LAE L.
HBEHNEBCRELI LI 7 IR T I OEELION S, KAT TR, BE
EINAZF7AOBFERP>OBRFHRABEETHY. BEEAOMR L3R ELY
NIAZT7ORBIFLETHS S FHEN S, £ T Zr0(15mo1 %Mg0) & CuD B
EEIMEE 2 RAPTITL. BEOEAHF ROV TR U k.

Fig. 3.2, 7/ - FHBIUAV—-FHMOELERZC& U T, Zr0.(15mo1 %
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Fig. 3.13 SEM photograph and EDX element
analysis results for cathode side
interface of_Cu/ZrOZ(ISmolegO)/Cu
joint bonded in Air at 973K for
60 min under electric field of
50V-—>750mA/cm?
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Fig. 3.15 SEM photograph and EDX element
analysis results for cathode side
interface of Cu/PSZ(Y,05)/Cu joint
bonded at 973K for 60 min under
electric field of 50V-->2550mA/cm?
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