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[37]

PbO-B,0;

(Mo)

IC



1-2

90°

90°

PbO-B,0;



1-3

PbO-B,0;

AW




2-1

[1.5]

6.47

2620
2-1

250

300~700
4.69 500



Mo
Mo
2620
(0
20 149 54
20 300 54
20 482 £07K! 51
20 600 51
20 649 53
20 982 58
20 1000 58
A
20 x4.19W/(cm. K) 0.35
1000 x4 19W/(cm K) 0.236
® uQm 20 0.048
uQm 1000 0.27
p glem’ 10.2
HB
N/mm? 1500 1600
N/mm? 2000 2300
E kN/mm? 285 300
N/mm? 500 610
®0.1 0.5mm| N/mm? 410 610
(0}
N/mm? 1400 2600
N/mm? 800 1200
8
0.02 0.05
020 0.25




2-2

2-2-1

2-1 a

2-1




4.

Zachariasen

1. Glass Former

Zachariasen Si0, P,Os
B,0;

2. Network Modifier
( Na,O K,O Li,O )
Na,0-Ca0-Si10,-P,05

Na,O

MgO K,O0 Li,O 2-2

2-2 [9]



Intermediates

SIOQ NaO
PbO 29wt%

22 [9]

Si0, | ALO; | B,O; | MgO | CaO. | BaO | ZnO| | 'PHO, | Na© | KO | TiO, | LaOs | TaOs | ThO,
1 | 722 |19 15 |96 14:6
2 |72 1.3 35 |82 14.3
3 | 715 |20 28 |66 155 1.0
4 |3560 290 | 2.0 13.0
5 | 755 |26 16.0 3.7 1.7
6 |683 |02 22 4.6 2.9 144 |70
7 1292 |25 633 |05 4.0
8 20.0 36.0 280 | 16.0
9 |55 175 | 16.0 95 | 520
10 | 5.0 17.0 140 | 64.0
Application
1. Container glass Optical glass. Low refractive index
2. Window glass Optical glass. High refractive index(1.78)
3. Lamp bulbs Optical glass. High refractive index(1.85) with
4. Lead crystal very low dispersion
5. Tungsten sealing 9. Sodium vapor resistant

10. Solder glass




2-2-2

1013

Back)

(8]

(

10*~10°  (poise g/em sec)
10*~10°

(Deformation) (

iquids Temperature)

PbO-B,05-ZnO

(Contact Angle)

60pum

) (
Polyvinyl Alcohol, Nitrocellulose

)

(Draw



(Devitrity)
B. (Softening)
300~400 400~500
C.
D.
(8]
2-2-3

(Matched Seals)

(Compression Seals)

poise(kg/sec m) dPa s
10°  10*dPa s 2-317
1. (Melting Range)— Ts 2. (Range of the

10



Supercooled Melt)— Ts Tg 3. (Frozen-In,

Quasi-Solid Melt)— Tg
[19] 24119

Glass formation 2

§ curve

[

L}
1 Crystall i:iatiun
: :

L}

L}

Volume —

|

[ |
T, Ts
Temperature —>

[19]

1 2 Tg
15 ‘-m
Transformatjon
13 Lrange M
n ~
9 e
Sintering, & \ﬂ?—ﬁ dPh-s Snﬂjining
, | 399ing t L e e i
NL S
Blowing " : \
18 ——
£ i ’ 10% dPa-s | Working
W . ™ w | | i
P 7 -3 ' v poing
%, 5 res:mg H '
:E_: Melli‘ng, ' - i "'"'-...
= casting - - ¥ [
o 200 &00 1000 1400 1800
Temperature in °C —»
2-4 - 1ol

11



2-3

2-3-1

250
700
MOO3

(1) 475

(2) 475 700

(3) 700 875

(4) 875  MoO;

12



2-3-2

2-51%1

Kovar Kovar
2-6 0.004 ~ 0.007 kg/m*
Pask!?"! 0.2~

0.7mg/cm*

[10~12]

(2]

13



WHELERERY S BATIEER

>

— BB — |,

2-5 (8

o

| m—

o
o
v

Weight Gain (kg/m?)

o
=3
=

|
|
T+
|
[ _-" -
T [ ’///:
[ _- l----
Excellent |1 / P r----
adherence I'I’ // ,”,,— 800°C
1/ ) A S
1/,227 L---—
E,l/’;’——::::::::::::: =====H 600°C
z==—"
0 5 10 15 20 25
Time (min)

2-6 Kovar — (1]

14



2-4

(Wetting Angle)

90 (Spread)

[36]

Sessile Drop Experiments

/
>
(<900) Ysv=Ysl =Y lv(’Y
Y / sl
(>900) Y sv < Y sl < Y v
2-7(b)!"!
Y sl Y sv Yiv
Y sl Y sl
(Ysv—7Ys) Yiv

Young-Dupre

15



Ysv=Ysa= 7 cosd 2.1)

Yiv
[14]

Y sv Y v
Y sl Y sv Yiv

Y sl Y sv Yiv

(Active Participant)
271

Yiv Yiv

[15]

16



Sessile Drop Configurations

17



2-5

(1)
2)
(3) (Mechanical Interlocking Force)
2-5-1
1 2
M=
1 2
JIRy?
(Wa)
Wa = Wa eq + Wa noneq
Wa eq ( )

Wa = Wa disp + Wa chem. Noneq
Wa disp (

18

)

Sharpe

[16]

(i)

2.2)

(2.3)

(2.4)

(2.5)



[16]

2-5-2

2-81"71 Pask!*”!

[36]

19



lal

[17]

(a)

(b)

(©)

20



2-5-3

Theory) (Electrolytic Theory)!'”
[21-24]
(Anchor Points) 2-9l7]

COO(glass) + Fe(substrate) — iy O(dendrite)

[25-27]

2-10t"7]

2+ 2-
2C0(precipitate:s) + OZ(from atmosphere) ~ 2Co™ +20
Co*" +2e — Co

Fe —2¢ — Fe*'

21

(Dendrite

CoO

(2.6)

2.7)
(2.8)
(2.9)



2-10 [17]

22



2-6

(Fabrication Temperature) (Supercooled Liquid
Region)
10MPa!'*!
Ty(Set
Point) T
(
10"Pa s) ( 10"*Pa
5)
2-11117]
3
- 5 5x10* 31
Gg
[29]
g =-Eg61/(1-v) (2.10)
E, v

23



2-12H7 (Metal Pin)

(Metal Housing)

2-13(a)"”

2-13(b)t"

2-13(c)!"”

Scherer®”

Eglass E metal  Vglass Vimeta

( )
G y(glass) = -(r° /e [EA(1-v)] Ag’
6 etasy) = 1/2[1-(11°/12)] 6 s(gtass)
O o(glass) = 1/ 2[1-(r/°/r,%)] © ’ Aelass)

b b b
G z(glass) O r(glass) G o(glass)

Ag’=((Xglass = QUmetal pin) AT AT= Tset - Tambient

)
29 _ 2,.2 ”
G z(glass) — [1-(1'2 /1'3 )] [E/(I'V)] Ag
G”r(glass) = G”O(glass) =1/ 2'G”z(glass)

24

(2.11)
(2.12)
(2.13)

(2.14)
(2.15)



(Superposition)

) b
Gy(glass) —O z(glass) Y z(glass)

— 2 + 29
Gr(,glass) o r(glass) Y r(glass)

Go(glass) =(5,9(glass) +0”9(glass)

(2-16)(2-17)(2-18)

IIIIIIII..-"""'\--.
§ £
HH‘IH' i
§ Glass curve 1]'-__,..335
= | displaced
E IEIJ il‘-._\_ﬁerpn'lnt
.,-' ]
- '
- il i
T e 5
|- lass :
u.; :
|
=
Temperoture
2-11 (7

25

(2.16)
2.17)
(2.18)



[17]

-

[17]

2-13

26



2-7

2-7-1
(Matched)
2-14P1
1. (Matched Seal)
(1) (Hard Glass)
631070
(Borosilicate):
Si0O,
Silica) (Qua
2000
(2) (Soft Glass)
6x10°/

(Soda-Lime-Silica)
( 8~9x10%/ )

2. (Unmatched Seal)

27

(Unmatched)

(Vitreous

1,000



(1)

(2)

2-16%%

(Ductile Seal)

(Housekeeper)

2-1582] Kovar

(Compression Seal)

(Matched)
(Reinforced)
GIass—MetaISeal
ed m d
Compre%s &?Lﬁ;ﬁggj) Har d ‘ Soft
Match%d Reinfo}ced
2-14 B1]

28



Copper tube Thinned edge

N\
Glass bead
- Glass tubing
sealed to bead
2-15 ( ) [32]
L4 Pi
Glass | | |/ "
i | | Frame
i
g
! I
I @) 13
£ +H Pin
Glass | / Frame |/
AN
| | |
/A | | ]
| |
Pin _L
\l / Frame
|
|
M
! Glass
ATA
(©)
2-16 [32]

29



2-7-2

(Hybrid Packages)

1.
2.

2-2181 (Cap) 2-221%31
2-238 (Header)

2-24 2-258

3. (Quartz Holders)

2-26" 2-278
2-2887

30

[33]

2-1784

2-1851

(Hybrid Packages)

SAW



4. (Thermal Fuses)

229" SF 2-30%7sM 2-31%ISH
5.
(Opto-Electronic Window) (Feed Throughs)
6.
( )(Autoclavable Endoscope's Imaging
System (Sapphire or Glass)) ( )(Small

Connectors for Pacemaker, Flow Cell (Urine, Blood))

7.
(Flow Cell) (Ceramic Electrode)
8.
(Power Modules and Packages) (Diodes)
(Electrical Feed Through) (Hybrid Package) (Headers)
(Receptacles) (Terminals) RF (RF Windows)
(Microwave Parts) (Collectors) (Various Electron Gun Parts)
(Thermal Management Packages and Cooling Systems
Connectors)
0. (Ceramic or Glass Sensors) (flow Cell)
10. GC (Spectrometer)
11.
(Ceramic Surgical Tool) (Zirconium Knife and
Scissors) (Nitride to Metal Seals for Cutting Tool)
(Wear Resistance Ceramic) (Lubricant Applications)

31



(Abrasive Requirement) (High Impact)

12. X HV (HV Feed Through)
13.

LOX (LOX Electrical Connectors) (Life Support
System)

14.
(Gas and Oil Connectors) (Water

Tight Connectors) ( )(Cryogenic Components (Both
Glass-Ceramic and Ceramic)) (Thermal Shock Endurance View Port)
15.

UHV (UHV Connectors) a5

Harmetlc Glass-to-iMetal Seals Tor:

gl made of s

2-17 1321

32



[35]

2-18

[35]

2-19

[35]

2-20

33



2-23 Opto Caps and Headers"™

34



2-26 Cylindrical Clock Quartz Holders™

35



2-27 SAW Filters/Resonator">!

2-29 TypeSF-Metal™>”

36



2-31 TypeSH"”

37



3-1

XRD

EDS

3-1

38




3-1

SEM EDS

3-1 0.5mm

53x107/K(RT-800 ) LS-1301 LS-2011

LS-3051S  PbO-B,0; 3-2 LS-1301

41x10 LS-3051S
51x107/K LS-2011

65x107"/K

39



3-1

Mechanical Requirements

Yield Strength Tensile Strength | Elongation Hardness
N/mm® N/mm? % HV

590 >680 >10.0 220-300
Chemical Analysis wt%
Mo Fe Ni Al Si Mg Ca

99.97 0.005max | 0.002max | 0.002max

0.003max

0.002max | 0.002max

C O

N

0.0lmax | 0.006max | 0.002max

40




Properties/Glass Code LS-2011|LS-3051S|LS-1301
Thermal expansion coefficient x107/K 65 51 41
Transformation point 313 303 315
Softening point 400 390 390
Density x10°kg/m® | 5.67 5.95 6.77
Volume 50 Qecm
resistivity 150 Qecm 12.4 12.7 12.0
Log p
Thermal conductivity W/meK 1.45 1.24 0.84
Specific heat x10°J/kgsK'[ = 0.41 0.38 0.35
a-particle emission Count/hr 0.5 0.5
Acid 20%H,S04,70 *,1min mg/cm’ 0.8 1.1 0.1
durability |10%H,S04,20 ,10min mg/cm’ 0.5 0.9 0.1
10%HCL,20  10min mg/cm’ 1.9 2.7 0.5
10%HNO3,20 ,10min mg/cm’ 120 120 123
Color Dark Black | Black
brown

41




3-3

15x15%0.5mm

0.01mg 3-2
Measure Tool
10 450
550 600 650 700 750 800 850
10 3-3

30kV

0.02 degree/sec

42

500



Temperatura ()

F

i
il

10 /min ff
-'.II-

Ky

20 Al &l

O .

3-3

43

m
Time {min)

100

1
120

1
140

160



34

3-4 250kg
P Smm*xSmm
3-7
10

Measure Tool

15 x 15 x 0.5mm

LS-1301 LS-3051S LS-2011

0.4¢g

44

P Smm
3-5

3-8
450 500 550 600

3-6

650 700



|<_>| glass powder

Mo plate A

s

unit mm

3-6

45



3-8

46



3-5 SEM EDS

15mm X 15 mm X 0.5mm

LS-1301 LS-3051S LS-2011

40mg
3-9
10
550 10

pure Mo —»

<«— glass powder

pure Mo —»

3-9

(Scanning Electron Microscope, SEM)

EDS JEOL JSM-6360 3-10
SEM X- (EDS)

47
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3-6

50kg

450

3-11

3-11

500

50kg

49

550

3-13

650

550

3-12



3-12

3-13

50




(1)

2)

3) 1/W =C —k logt

450~850 10
4-1 450
0.0827mg/cm’ 650
700

700

450 600 10

51



4-2

Weight Danimgienty _

14

03
il
4
0z

12
4
115

800 10

400 450 500 600
650 750 750
800
750
700
e
/ N
7 3
/ 1.
P I."-.
i |
Hml——*ﬂf 1"-. |
!
450 ) S50 0 65 Hd
Temperature™)
4-1
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450

500
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600

800

550

750

42

54



XRD 43

XRD 4-3 (a) Mo
Mo XRD Mo
Mo 99.97%
Mo
4-3(b) Mo 450 10min XRD
MoO, MoO;
MoO,
4-3 (¢) 4-3 (d) 500 XRD
MoO, MoO;
MoO, MoOs

55



500 -
400 - ¢ a k/l/loo
] )
2 300 p 2
o i v MoQ,
< 200 -
£ 100 *
0 == T T ' T T A‘l T l
20 30 40 50 60 70
20
(a)
o Mo
> a B MoQ,
= Y |\/|OO3
c
g
= Y B
j\\. e
. , ; ; . i
50 60 70
20
(b)
6000 — « Mo
1 o v @ B MoO,
> 4000+ y Moo,
‘0
C
¢ 2000
E Y Y B
= Y
0 T T ! T ' | T 1
20 30 40 50 60 70
20
(©)
350 a Mo
300 ]
> 250 B |\/|002
E 500 a y MoO
[%)] 4 3
C 150 ¥
g 100 4 A A o a
Z 50
0 ‘I T ! T ! J/’\I ! 1
20 30 40 50 60 70
20
(d)
4-3 Mo XRD
(a) (b)450 -10min(c)500 -10min(d)650 -10min
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90
90

4-4 LS-1301 LS-3051S LS-2011

(1) LS-1301
4-5 LS-1301
400 450
550
700
4-6 450
550
450 MoO;

700
700 MoOs3
M002

57



(2) LS-3051S

4-7 450 700 LS-3051S
LS-3051S
400
550 600
700
MoO;

4-8 450 550

LS-3051S LS-1301
(3) LS-2011

4-9 450 700 LS-2011

450 500 550

400 550
600 700

4-10 450 550
450

Glass Powder

l With Peroxidize
Wetting Test
1 T | —— — 1 |
Without Peroxidize
Pure Mo

58



450

500

59

450

700

4-5 LS-1301

500




450 550

450

550

550

550

4-6 LS-1301 450
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450

450

500

500

4-7 LS-3051S

700
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550

450

550

550

450

550

450

4-8 LS-3051S
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450

500

450

500

700

4-9 LS-2011
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450 550

450 550

550

550

1a
i -
|._=
#
-'uf
n
s

4-10 LS-2011

4-11
550
LS-1301
4-12
LS-3051S

450
700 450
LS-3051S
450 550
LS-2011

LS-2011

64

500



Wetting Area [mmzj

Wetting Area {mm’)

—a— 5-1301
M1 | —+—15-3051S

11| —&—LS-2011

[ |

L]

T [ T [ T [ T [ [
440 460 430 500 520 540 560

Temperature (C )
S = 5)
| F -'.|
a8 .
% | —m LS-1301
94| @ LS-30515
924 & LS-2011
a0 -
88
ag
84
a2
a0
78 4
TE -
74 -
72 ] ’
70 4
68 - ]
86 : . : . . - . ]
0 100 200 300 400 500
Temperabure ([ )

4-12 450 550
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4-3 SEM EDS

450
550 4-13
SEM
EDS
EDS Mo 4-14
EDS line scan

Mo Mo

Mo Mo 300

Mo Mo
pure Mo Sealing

Glass Powder — |:{> [ b

pure Mo -

4-13 450 550

66



-

éil Ll

nsns ol ol

- [T ! Bt rwgua | (b)

uILNAJI-lh ..... b (hse.

ﬂl-hllii.. :Liila_l.l-’g.@i.lﬁ!. |

4-14 EDS linescan
(a) LS-1301 ,(b) LS-30518S ,(¢) LS-2011

- T ©
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LS-1301

450 650
450 MO, 500
MO3 MOS
650 LS-1301 LS-3051S LS-2011
4-1 550
4-15 550 LS-1301
LS-3051S LS-1301 LS-3051S
4-1 450~650
A F| t=gf/mm’
LS-1301 67.94 23 338.5
550 L[S-3051S 72.96 25 342.7
LS-2011 67.33 8 118.8
LS-1301 85.63 27 3153
450 550 LS-3051S 95.35 17 178.3
LS-2011 68.76 9.6 139.6
LS-1301 72.78 22 302.3
500 550 LS-3051S 71.85 9 125.3
LS-2011 48.61 3.2 65.8
LS-1301 65.41 0 0
550 550 LS-3051S 64.15 6 93.5
LS-2011 52.36 0 0
LS-1301 70.72 0 0
650 550 LS-3051S 71.37 0 0
LS-2011 48.08 0 0

68




950 -

1t Shear stmssgffmm:
NEZEHREHER
/RN I ' S S e T N N W [ |

o

—m— LS-1301
@ L5-30518
& LS-2011

LI T RETLDER Pl e o e B i P RN L R T i L 5 T
50 0 50 100 150 200 250 300 350 400 450 500 550 600 &50 700 TS0
Temperature ()

4-15

4-16 650 550

SEM EDS 4-17 4-18

EDS

: *

4-18

XRD

MoO;3 650

MOO3
MOO3
MOO3

MOO3

69

650



Pure Mo

4-16 650 550

'

i - I
£ R LS 888 BB TS
.

4-17 SEM 2000

0 2 H i & i i3 14 18 ]

Full Soks 'I-5:|-1I ez Cureor O D00 ke Tl
4-18 650 550 EDS
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1. 450 ~850

700

450
LS-3051S
3. XRD
450

PbO-B,0;

450

800

71

450 ~700
700

LS-2011

MOO3

MOO3
MOO3
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