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ABSTRACT

Fabrication of tellurite glasses and analysis of their
optical properties for mid-infrared optical

applications

Nam Geon Choi
Advisor : Prof. Eun Seo Choi, Ph.D.
Department of Physics

Graduate School of Chosun University

Te0z2 and PbO based optical glasses were fabricated by conventional glass
melting method and their optical properties were analyzed for mid-infrared
applications.

The optical transmittance of 60Te0,~20Zn0-20Ba0(in mol%) glass was 62 ~
73% in the mid-infrared range of 3 ~ 6 #m. [t was higher than that of
50Pb0-25B1i,03-25Ga-03(in mol%) glass. IR edge wavelength of the TeO, based
glass was 6.5 ¢m and it was shorter than that of the PbO based glass (~7.5
pm).

In also, effect of Bis03 content on the IR properties was investigated in
the 60Te0,-(20-x/2)Zn0-(20-x/2)Ba0-xBiz03 (x= 0 ~ 12, in mol%) glass. The
IR edge shifted to the longer wavelength in the range from 6.4 to 6.6 um
according to the increase of the Biz03 content in the glass. It was also
found that UV edge shifted from 350 to 400 nm and the overall mid-infrared

_6_
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transmittance slightly decreased with the increase of the Bi.0s; content.
Finally, effect of gas atmospheric condition during glass melting
process on the reduction of OH absorption in the Te0. based glasses was
investigated. Several gas compositions such as Ar, Nz, N2:02(1:1),
He:0.(1:1) gases with different gas flows (0.4 ~ 1.6 L/min) were tested and

the optical properties of the glasses were investigated to find OH

reduction effect in the melting process.

Collection @ chosun



N1EAHE

T

23y

Cteket 20F0IA H2ld

=
=)

4

2

o)

=
Ho

Kk
oF

.

10
M

nJ
)

Rr

o
ur

LI (environmental

OFOil

DC:>|
2 &3} (compactness)Jts

5

sensing),

HAl (chemical
Hel EXl(remote detection)2t

b

3}8]

o ©
f R —

5 un)H

o3
B

00
010

0l

z
o’

jild

i =)
=T

&

monitoring),

Rr

Ju

SE0A
= Ot A0 OH dIoINZEN 2EE0I

H1T.

2= 4&3= (heavy
F2 QFXHOI LA KI(

U
=

C

HH

NG
=]

(economy)

chalcogenide,
fluoride |cle

fluoride,
ULCH.

=S
[

A2THE

550

<

2 2N

metal oxide) S2lot

0

JHXID

i

FBHE (0.3 ~ 7 um)

AUCH

Rt

—_ o
— I

00
Ok

Chalcogenide &2l

[2,3].

o
.

g A OFE0A BHA0

oh X &

750
d

0
g

0l
HH

il

0l

. w2 XL XI(2F 750 om'),

|
S

ur

]
R

e}

ot
0

=

o
IH

0l0

e
S

al

ok

2}
=]

CHOH D=%9 silica

FHOI=

X =LIF BItat JACHE 2-1). 1

X
[=]

OFOll A

0

00

iy
OF
0

Wk

X

= 9| 4

OF0il

Ct

i

1

n
i

0l
Kflo

&

PO LIEFLHRACE.

£ &clo

Collection @ chosun



gl X AlZ=%&(Yole Report 2012)[6]

H -1, Hds 9 =
ANZEHZ2 (MUSD) | 2011 2012 2013 2014 2015 2016
TALS 1068 1109 1138 1170 1204 1231
oE a2 485 545 636 768 938 1049
gotat 706 779 859 947 1020 1120
-0

Collection @ chosun




, , e =
= 0 - - S o > ol ™ =
. Al o K ,AI__A:__AI__M_H tH . _ 5% o = N
Jo ~ L T = = = O|py - N0 @ Tz < S SR s om =
gt o oy =2 N D™ DR 70 g = . o > =z L wl RO ok
N < = = = F Y} = 0l HIO o had <) nd o 5 ) ~
TSR B Eo Dl 0 I BRI 2
o = — R0 Himy <7 2y O = = oS|al RlX0 R SR . 8 8 ok 3 w_._ =
2 W O 8y 5 TRy o o W0 o~ R
- e K3 &l M o
o 7
o 5 T L Jo <l IR
s| & 2 m o m A =4 T o m = KK
w| o | 5 Mo 4 ) T RO o ® WL
= 5 SR puo 0 5 RooWe
S S & = 3 OF 0 & A
o @ K] "
Ul
il
= e o I - M
A R 8 S 0 e m
5|8 1 y O = A0 0 w B om R
R0 > = %0 T 101
NS [N o = = A= S . < S W o RO
) _ o = 2 — 5 o B0 ol o oF 0
2 3 Rl = s <3 o ] < OF o W ®
S &) = = S oD n RO =
a1 e ® 00 i =
i
A -
Jo - -
._M__|._ — — “_u|_ —_
-0 S ™ — = 1% |0
= 0 o LR~ oo ~ = i 2
g 00 o Coog g i by W5
S =l 50 & g R0 IF 2= LU
N i = =N
el
~ —
[ = [T
i = 5 =R = 0 3 R
2 o i < w5 B T R
o m &

Collection @ chosun



Held HsH AMZ= Germanium (Ge), Silicon (Si), Zinc Selenide
(ZnSe) ot 22 ZHE 4

2 s ATZ U
EHLHUACH.

Z28 AT Germanium2 HlM ATHZ
Germaniume =ZZE2 4.0 0|2 =2
(Aberrations)E &H 2 = U= FEHO AW HFRE2Z AFE IJbsobAILH

H

et fluoride, chalcogenide, lodide, AtSISAHIQF &
C

b, s A0 e 250 E4= 18 2-10 Lt

S T

0

A
T

Hr

A

2 U
3.69x10/T2ol =4t g2 BK7 =22 HIWE I e 2 U2 dURC=
ZEACIE A OISAIZIE=Z HIZ3 206ttt SHE0I UCHT]

Sie Ge2t 22 =ZE ATHOIH 8 ~ 14 mm SAWAL St dHULEZ =
MM HAHOl 3 ~5 un¥YENN =2 AISEC. Zs dXxz IS UM
DTM(Diamond Turning Machining)2AlE2 AIS5t0H X HAFHEIL 20101 O
FZ2=Z MAEO| Jtsotth=s EEO0l ALt HIISEUH JUAHAM M=ZAI2H0 220
HZESI =00 UEMA0l 8stie &0l UACHT]

/nSe= 2 24 3 ~ 12 mm MEHEIAUNML £22 FUEE LIEHUHERZ
Ml HAUNA ZEHRASHH S22 AMEEHD UL Sol =8 UHESH2
JHXID /J DES CO, dlo UCH. BHXI2H Knoop Z2&IF 120 &

IH2 A%
2 I 20 AZeHXIor A Z il

3 A5t
S E 230l 2BAM ZEAX SHS Felo.

Collection @ chosun



100 Magnesium

fluoride
80 -
AMTIR |
= s e 5
o Calolam g g = = B0
c fluoride
60 -
£
g T -
- Zine I
E‘o selenide )
=
® \
Barium
20 | fluoride yﬁ o s
Germanium l ‘
. \/
0 Lt 1 119 1 L1 11 11} | | =

0.1 02 03 0405 1 2 3 4 5678910 100
wavelength, um

tStATHOl EHE(8]

r
0k
o

a8 11 wEEg0 o

ICollection @ chosun



RIAg MNeld A £4(7,8]

H 1-3. 28
) . zZinc Zinc
Germanium Silicon ) )
Selenide Sulfide
Transmission
1.8 ~ 23 um 1.8 ~ 23 um 0.5 ~22.0 pm 0.3 ~14.0 um
Range
Refractive
index ~4.0 3.421 2.406 2.2
(at 10 wm)
Crystal ) ) Polycrystalline Polycrystalline
Diamond Diamond . )
Structure Cubic Cubic
. 52.9% (10um) 46.1% (10um) 29% (10um)
Reflection
for for for -
Loss
2 surfaces 2 surfaces 2 surfaces
Thermal . . 18Nm K™ 0.16
. 0.14 (20 ¢C) 0.39 (40 ¢C) \ \
Conductivity (25 C) (W/emC)
Thermal i
. 0.16 4.15x10 5 6
Expansion . . 7.57x10°/K 6.8x107/K
. (W/emC) (10 ~ 50 ©C)
coefficient
Knoop &%
B 692 1100 105 ~ 120 210 ~ 240
(kg/mm°)
— 6 —

Collection @ chosun




H, &M Als S0lx stsfH

Chalcogenide S2l=

F==Z S, Se, 12l

1l Te

&9 chalcogen &40t =& 2

d BA2A HI| 2dS(electro—positivity)dt 2 P, As, Sb, Ge St Z&E

HclOICt. 0.7 ~ 25 wm O] HIWH HIMENX Helds F1
GAUM JtAIZHS
Z2ECZ xS #O HEZE0l OARH, JIAHAE 2=t <fotl,

£ MG oed2 S&EO0l ACHT].

Jl SUHME HEGHC.

As, Sb, Mo L= W S2| &t =ele 6 ~ 7 wm K2 = T
oS

[
i
rx
ol
]
30
o
2
=
%
x
30
o
0t
0x

fluoride@ SAFSIH 2 7 um

=
chalcogenide &2l0l dlol HIWE MZEIb €0|6tD, 3stE LY
JFEICH 1], B 240 Z&d X
EH2 H2lot LIEFLHAULCEH.

2H3 SO

2l 2

OAS XM
T T o o=

EN=

Collection @ chosun

da Keld

ZHE0AS

IHE LK 2

]
=
nw
4
0
0
=
-

S SDHAZ & ULt BEH o
Ag50l 0f21=0l UCH 2L
X HF Y SEE oHF

DEAIZIXI 2

sEU =X, sy 20| LG 1

2 POOAH =2 €2 S35 detE 7l R
X



= A =l
Glass S =& E Ot il == N HlH A &0l e
type m n v - 2c e /on’
yp (4m) (ng) (Va) (10°/K) : (g
()
0.17
Fused
o ~ 1.46 67 0.51 800 1075 2.2
silica
3.7
. 0.24 1.45 20 330 300
Oxide
~ ~ ~ 3.15 ~ ~ 2.8
glasses
6.0 2.4 100 700 700
Fluoro 0.2 1.44 75 13 400 3
phosphate ~ ~ ~ ~ - ~ ~
glasses 4.1 1.54 90 17 500 4
. 0.3 1.44 30 7 225 200 2.5
Fluoride
glasses
8.0 1.60 105 21 360 490 6.5
. 0.7 2.3 105 8 100 115 3.0
Chalcogenide . ~ ~ ~ ~ . ~
glasses
25 3.2 185 30 270 370 5.5

Collection @ chosun



M 2 & 028 Hid

Zn0, CdO, Ba0
oldet =sels

&Ml (glass network former)Jt
H(normal quenching)otOilAd &
&2 220l Bloh S0l

[

=

19704t =BIMK R &IAI2
el E4HME 01 &It
= Pb0-Bi203H 0l BaO2t
T1:0s2t CdOZE It AlOI =
OlS2 =l M= Al 2
grH2].

DumbaughOil 2

g 890l

HAR2E O fCh.
s (glass

S U

=L

ol

Collection @ chosun

Ol0 =9 Alz0s

N
o

02

HI

A
0 oy
il
z
ton
]
0 &
[ b ' I

0
bt
|0
HU
i
J
il

1]
o
n
[
02
o
e
-4

I=¥e]
= —

[ ]
-

e
I

0

D] <ol silica
2EA AN HMIZEGHR

0l= Corning &lAIS
I Aol
stability)= Z&AIDILE AlI-0

. Fex0s2l &Il

E=PN I

W.
2l &



A M JHXIZ Lt

ol

S0l bl

Ge02

0l Si0q,

Al ol

Ju
76}
X0
B0
o
OH
)
<

ool

KO

)

PN
=

0l

Si0, £ U=&M(glass network former) &3S

X
a

H Bl

0

Ol
—

2 FdE0 U

SUES LIEIHTH17].

Jb A0 ol=z
. Mets IbE 3 wm Ol&tel HelM

P

F

S
[uetd

=)

U=l

=
oF
S

(a]

ol

0

Htet 201 Si0e

7 um LRIl Hel&0

3

o
=

|.

X
o

O

i

4
fo
Kto

ol
70

180

al

(Pb, Cd)0-Gax05-Bi0:H =ecl2l &< 3xt H

=clel JHZOICt.

2t st
S M

°F 10 ~ 100 dB/m¢!

o
A

O

|
Ccl
S

0

S
=]

4

PNy
S

photonic switching S0

o

[—

(non—linearity)
|2 Pb0-Ga:03Bi0; =el0fl OISl silicag &Jloltdd 20 2

g4

boHIA

ni

Al
=
S

CH19].

IHE 1084 nmOf| A1

=40

P

ni

=
-

U
0k
0
0

o)
]
Kq

o

Rl

. Pb0-Gax03-Bi-0zAl

S2l= 57Pb0-18Ga05Bi0; &2 Relz2 ReldoI2&=
= 8.187 g/cm®, 1

st=c

= 111x107/C(25 ~ 100 C),

2.4622 B0 ACH12].

|
Z2E 20 AR0UAM Jtolizz= Lo 20l [et

X0
=

HE

o

2E(single mode)
Xt

Hl
OlA It

C

=
=
=)

H
oll

3

KO
E

s
=}

Bl

=2o
=

el =&

0

JU

¢}

P

el

KIO

Z4R

Ql
=<

Q&0 N

2 ~5mm MEFHA9

—

—

S5 oA
ac|it 59

S & A
O Kf 2 M

defut

OFOICH.

It
OH

Hd

OF

_10_

Collection @ chosun



et A
tCt.

[9)

—

o

FAHL = CE.

H O =0t
(0]

0l

oz Hat

X
a

i

M LEtU=E W1y

t
Ol &t3t=E SEHO

o
Z2ER I W0l Ot

ol &elt =clol d

b

=

S

A
|
Ol8olf Les°

=
—

22 0T JIAI el OIHX &0t

(e}
&5 01=201 29t =l Wl

FOI

dluz ZHeld dolaEe

2 OiaECH21].

A
=1

O

| —
£z

gt
=

I
1

Ok

O
o}
Pl

4dr

no
Ko

—

—

2ot 2

U
(N
&0l Ol

9

(=]
S

A
AHE

c|
N

F

S
=2

=

=2

fn §
=

A FH

=
=

H =0

A Ml(glass network former)

[

=}

te B R2l0l d
5

cl

2
o
TT

H

?
—

HHZ=SHO0
el

[

S
-y

q

EAM
-/ o

BlatetE =l d
ddu 88

UL,

Had Ol CH

0

ol
70

_

ol
K0

o)
oF

9]

==
1o

ol
i00
30

o
B

)
o
10!

S+

10

ol
ol

)]

o)

ISPNFSHY)
= CH CHAI

(ct
+4,

A
Ol 4 Xl (optical band

2J10
M= 2

—

HH = 2H
— — =
-

—/

IEPN
AtstE RelUlA UV SREO

1 olHxE

ot
ST
[==]

4 =l C.

=
=
S

o

=

ME XbA 2
|

of

0

M=ol 2201 2

HH =,

nl
[

b

M2 & U 2 IREHE (U and IR transmission edge)

gap energy) et

oL
i)

2011

tRACH=

[e}
4

no

b

Ol LA X1 9%

ENSREON

HH = 2H

ol
0

0l
s

1

o)

(H0

0l
K

CH

—

—

GIPNE)

=

SOtNE %2 X

= W &X

ot

[E

=N

=

20 1«
e
11

o
—

2|

r
(T4

A
—

b

=

S

t=
XH
ER

=
—

[¢]

I»Ol
LIO O

=

295
=
= ==

At ALOL Ol
HIEHXIOH O

o
—

2|

HEYD PZS 24

3

UL,

S2]
Collection @ chosun



o3
<+
ioll
o[
ol

=1
=

E=

=gl

B

= & AN "ol B

DA )

s A

F

,
o]
A
S

imi

2|

)

o

P

J
=) i

= &Il ol X

HBHCE.

HOA

[¢]

t=

b
gk A
=
AX

oK 2

0l

o N2 20

b=
==

[¢]

2
H

Jb &
. ME U

[9]

9

42| 01l

OrXI&H

o
—

b &S0
HH E

JEAI9I D
4 N = Aol 2 + AUC

CdOJI &2l 2(glass network)E 0lZ=
HI Ot AbA(non-bridging oxygen)2 HEAIIIEHAN K2

[s]

—
=
=

t= el

S|

5
Gl
a2l ot

o

el
[ul

(0]

=

=

ol et
2oz

iy

L

=
(]

S

It
j\_l.

=
S

=P\;

—

HUEXINASE A 0421

SEHOIA EUH=2

=
(=1}

o

A (bridging oxygen)
A

BI=0l
LH Ol

Ct.

o)

20l A
Jdelt

Z=

AFER O

M LtEHACE.

e

=
—

0l

wr
[0y

I
Ju

M =I=0tJtcA

(]
<0
180
50

tO Ch

o)

Ok
oI

il
il

Hr
KIo
)
b

<d
nO

ulJ

53
3

ioll
80

==

=l

]
™

JIAHH

I
8]

2

o]
0
H

<l

.y

n0

1l

ol

U+
1
40
KJ

o1
KA

il

0H

et oIS

FAL =l CF.

=
=
-

110
ol
ok

oI

n

KJ

Rl
ol

INE=S

3

o0
JIJ

IEPN

40
KJ

_12_

Collection @ chosun



E,=(V+ %)hv (2-1)

HIIA ve &= 2X4= (vibrational quantum No.)(V = 1,2,3, ---), v

=, he Zg3d &=0IC

rr
1
=

g mel S0l AZEN e UAS W, 220l SO0 =

pN|
=2 o
HE el === =39 H=(Hook's law)0il et CHS 201 LEtE = U

HIIM k= AT& At (force constant), me 29 AO0ICH. 0|HE IOt
(V)2 LHEIUW®, v(em) = 1 = Yo _HE NXNB2 CISD 20,
Aem) c
p= o (2-3)
27e m

mymy
HIIM p=——"—0ICt.

my +my

_13_

Collection @ chosun



24
=

= It== 1 22X W<

5%
<+
cl
o
o0

o =X W

AIDI0 dHiddio

St
=

HEZHUHAM Lt

HAd F1 A

2240

ioll
Kl
Bl

7o)
i<

u}

ol
i00
30

T
1o

40

i
]
il

0J

=
Wk

7
)

-

3]

of &It LEFHCED

dEsol 2

2 Mz WRH 74 Fns2

oll
)
=4

o

I XILLOI

0l

2-401l A

(chalcogenide) &2l

n0

]

00

o] O
A —

A2 0IRHA

2He A4

pS|
=

ZAU0IE =elJt "l

=
=

L)
Kl

Ul

[
J

9]

24

clE

o
TT

CekA

FEOIA LEEFSCE.

=gl

ot
s X o010 TetA Held Fuee] AR Z2H =0

S A
=T

WX dUE2Z /0t 1

N3

_14_

Collection @ chosun



100 -

80

60

Transmission [%]

20

el
40(’

ZBLAN Sulphide \|Selenide | Telluride 4

4 6 8 10 12 14 16 18 20 22 24
Wavelength [pm]

8 2-1. Hd s ZeiRelel 28N AHEH[4]

Collection @ chosun

_15_



A3 & g+ & & d2 UE

12 23 g3 &

HIC0IE Rels 1952¢ M8S2=2 ALIE AMEZU2UL, SER
ot 1.5 mOllA ZTHSE ZADE 205D 80K Relel S0 ASl
ol oiI} MOl ALK LUCH23,24]. 1 &, 1994 Nd*ol =

—/ (=]
[E g=22A0E B

4

Ol

o Eolle

et XA

teEl &2

é

d
o
=

>

Z8% diolMIt d3FH2E NMALUJSM, 19978 NTT

(Nippon Telegraph and Telephone Corporation, Otemachi, Chiyoda, Tokyo,

Japan) ZEX S0l QI Er¥0l EIIE ZOHY LR2A01E ZESR
SYCH SR &Est ARt XKD ACH25,26] .
H=Cl0IE Rel2l X = silicate?t phosphate RelE “&dt=
Ol Si0s2t P02t &2 At (tetrahedra)@t Zel, Te0s trigonal
(TBP)Jb =&IH A HACH27]. TBP HRIMES &L AXNE SR

S=J|0t

j|E C}—O|

T T

bipyramid

=
Hol UE®IAE g48Ch. o8 K2 UWERKIAN L=S==AlT(glass

modifier)Jt EHIZ®H Te0s SRIM= Telso SRME HE M HIOtmAA

(non-bridging oxygen)S MASHCH?28]. &2el = L2 E2HD

SAMe SFU 20 Oet Telso SAME =2 L=JF 2etXl

20l OI20 M =CH30,31]. 2 & Zn0 & Na0

sole S LN MS(devitrification)Ol et MEH0l 2=+
O

i
il
S
ol
> J
0x
HI
=
/3
all
s
=
Im

<
2Ol ¢27E =4 = 75Te0,~20Zn0-5Nax0= E& A A (T, T~105C) % =2 =
O

BE (no » 2.0)8 UEtHOD BOE/JCHSB]. E£E, Na LE 10 mol%=2 =2l

75Te0,-152n0-10Na0= 21 QHEA U M3 9
DEUCHSE]. LLel E25 ZF GO BaOS HIber w2
2

elM0I2E L ZH AHHEA(T,T=136T)0l =2

_16_

Collection @ chosun



Sb20s,

FOd Bi20s,

o

o

T
-
4

& AIZ101

=clo

o)

CH[32,33].

it

=
[—

1

oims

Jte

ps|
(=]

=200 21

JE JHM

=
[=)

HEOA Bi0st =2EE2

(==yN|
==

dd7 & Mt

= Hb UCH35].

’

o]

0

i0J
ol

ol
[
<

il

9]

0l

3.2 um, 4.4 um FAY

eIt

1S JtM&CH36,37].

A
=

<

X
=

or

1

11
Ul

=
D

<k
0D
70

o)
A0

T

silicate ®2I0A OH O

=
[

She by

= =L

3

S
S S

&

S0

ur

(transformation range viscosity)2 S2IH0I2% (Ty) 0l

a

CH[40-43].

=Pl

=
=

otLIZ fluoride

ES
e =l

O] fluoride &Jt=

t= &8

OHE HMHG
A LE fluoride®

StAIZ

sl

ol
70
ur

]
Rl

50
&

70
g

ok

o=k

&

ps|
(=]

iofl

o
ol
Ul
ur

0l
Kflo

9]

DI ESAIIIALE, HE

=c

FcolE

=]
=

w0

= o
rge

It

2 QUCH40].

N Ol
= -

00

A%t

(bubbling)E =8 Jt

A AbellJF 205

ACH43-49].

_17_

Collection @ chosun



M2 & a7 UE

s W 3 =] o o O
3 Ol o I B <! :
50 &5 = Lo
uA||_ .Ao O =) :D m.._ =
o7 T W0 = Ko 57 )
ol U ol <+ O
R & Ok = O o 83
= 25 wo Bk
ER=I S ok [
ITe) o Ok OF _a|u 7J S D
oo _ w < JlJ
<Tw 9 -z LW
~ns Wy agr A
1o [ mw W =5 ) o
o R w2 @y M
T N S S <
g E Enowl® Mo
oo g Do g KO g ®
= _ - % 5
L B O - RO |
oo ~ A B o U ou " ok 3
T B - B ™ =
Yy s R = w REE O ™ _
o = 2oy 0 U ~ L oK
FED N Waw X
U W 2% s = T W oo
WmsEgpg2s g k2
il R 2
Py 2 oy O
S @ oo ¥ og w5 oW
a m = m Q ==
5 ol g 8D 5w W
El o< oo TS
T RN O™ o L

(flow

ESANAHA H HE=
— 18 —

otoll A
0.4, 1.6L/min)0ll

rate

Collection @ chosun



Kl 4

0l
Kl
0Kl
Ix
[

or
0

110

00

ol
fil
00
00

Ok

ol
Rl

t

[==)
228

[9)

=
S

0l

=

=2

120 COIA 12Al

tO4
got &J1=Z

[9)

E=S

S0ILE It o

=

zirconia bal |2t S &0 &0} 200 RPMS 2 15AI12F =0t 24 (ball mill)UA
= drying oven

==¥e)
S

900 TCOIA 1AIZt

D 2=

10 C/min2 ©ot:

A
2 5

<10

o4

cl R0 o=
3-1, 3-20i LIEFLH

tO4 335 COlA 2Al
|

o

2 2.0 mmot &
[=2

=

[

[9)

PN

=
=)

At
St

=

=

FACEH.

5}
Sakel{0:
0b = =2l At
— 19 —

2 iz

=
-

tOd

DAl A (anneal ing)
(o]

b1 <

o
M =2l Mz HES 1 3-101 LIEHHRAULCE.

otALt.

NS

T S A= O~

(=

b

AN

N
Collection @ chosun



Preparation low material (Batch)

v

Ball milling

¥

Drying

¥

Glass melting (900 °C for 1hr)

¥

Annealing (335°C for 2hr)

¢

Slow cooling to room temp

¥

Glass characterization

e . ™, S— N NS S—

18 3-1. »el8&8Y

o

olzet Zstxel M &

_20_

Collection @ chosun



8 32, =cl E8822 MAE T7Ba-20 |l ALY

8 3-3. M < 2.0 m2 2 H H0OtE TBa-20 Fcl2 A

_21_

(“)Collection @ chosun



pul g

TeO, & PbOA|

H 2 &

1.

4

Rr
3l

O=F

Rr

-

<0
il

Ok
O

ol
<

. JAA,
P

TeOH =cl

2 TeOH =

2 Pb0

X O
==

H =cl & U=

52

A
()

o)

LIEHH 2D

i
Ul

—_

&)
3
0

ol
LA
K0

J

ok

PoOH =cl

Ct.

03

cl ot
=l

)

g g2t S0 T

[
S

el ATHO

?let MetEAH =
Al

ol
0l0

Rr

, TeO.H

Jtote B2 Ba, Bi, Na &t

el
[=]

=<

o

O UEL=E Bl

_22_

KLl E
Ol 15 mol% OlA 20 mol%=

=
=

15 mol%el HiE2S JIE

TeOo Al

=<

td PbO &
clOlAl Ba02l dl

o
TT

O
Collection @ chosun



Collection @ chosun

E 4-1. TeO, & Po0X EXAM TR XHE
Glass composition [mol%] Melting
Sample Temp.
Pb0 | Ga0s | TeO, | Zn0 | BaO | Biz0; | Na0 | [CI
PBG 50 25 - - - 25 - 900
TZBa-20 - - 60 20 20 - - "
TZBa-15 - - 70 15 15 - - "
TZBi - - 70 15 - 15 - "
TZNa - - 70 15 - - 15 "
~ 03 -
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2 4-2, BigOs% I8t Te0,~Zn0-Ba0Hl =

=TT

I-C>a| XM

Glass composition [mol%]

Samo| Melting
ample

g Temp.[TC]

TeOg Zn0 Bal Bi 203

TZBa-20 60 20 20 0 900
TZBBi-1 60 18 18 4 "
TZBBi-2 60 17 17 6 "
TZBBi-3 60 16 16 8 "
TZ/BBi—-4 60 15 15 10 "
TZBBi-5 60 14 14 12 "

Collection @ chosun
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H 4-3. Ba, Ca, Mg, Zn chlorideE &Jt8t Te0,~Zn0-Bal0Hl Z&Rel =&H

Glass composition [mol%] Tl line

Sample Temp.
TeO; | Zn0 | Ba0 | BaCly | CaClo | MgCls | znGl, | LCI

TZBa-20 60 20 20 - - - - 900
CB5 57 19 19 5 - - - "
CC5 57 19 19 - 5 - - "
CM5 57 19 19 - - 5 - "
CZ5 57 19 19 - - - 5 "

~ 97 -
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H 4-4. Ba, Ca, Mg, Zn fluorideE &It8t Te0,~Zn0-Bal0Hl Z&Rel =&H

Glass composition [mol%] Melting

Sample Temp.
Te0, | Zn0 | BaO | BaF, | CaF, | MgFo | znF, | [CI

T/Ba-20 60 20 20 - - - - 900
FB5 57 19 19 5 - - - "
FC5 57 19 19 - 5 - - "
FM5 57 19 19 - - 5 - "
FZ5 57 19 19 - - - 5 "

Collection @ chosun
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ol

H 4-5. 0H == HHE RAg JtA 2201 Mo =A

.

Gas Gas Gas Melting Melting
Sample . Purity | Flow Rate Temp. Time
[%] [L/min] [cl] [h]
TZBa—-20-N2-04 N2 99.999 0.4 900 1
TZBa—20-Ar Ar 99.999 1.6 900 1
TZBa—20-N2-16 N2 99.999 1.6 900 1
Oo:He
TZBa—20-02He (1) 99.999 1.6 900 1
02:N2
TZBa-20-02N2 (1:1) 99.999 1.6 900 1
_ 30 —_
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=AM Asoles O 228 SAINDIE S50l 1IRst M8 AHEHAZ L
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2. FTIR(Fourier Transform Infrared) 23 AHE™ =X
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& 3-4. Fourier Transform Infrared Spectrometer (Jasco FTIR-4200)
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g 3-5. U/VIS/NIR Spectrometer (Jasco V-570)
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elob =20 U O =2 Z4s IHtlle A2z 2 & UL Pb0-Bi0s-Gaz0s

H el 7.5 um OfIM IR edgeE

Old Te0,~Zn0-Bal0H =el2C0 O &2 &EF
I BHEE IR =20 g ZE=Jt 210 RoHS 604 HEt=2&E JlE 225
[E 4-1]00l PoOt ZEECEH [MetM TeOxH K21t JtXle 250 BHEE & O
HE = AUY SHH SES A8t 28 AT JHE0l Te0H =it O HE
& Jicz 20 &L,
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2. Ba0, Biz0s, Na0Jt &EItEl TeO-ZnOAH =clo ZF it
w

Jm

A Hi

[=3

60Te0,-20Zn0-20Ba0@! TZBa-20 RclE JIE22 Bal, Bis3, Na0E &HItotH
Held SEH= =OIotRUCH. Ba02l HI=0l 15 mol%@! TZBa-152] &S Bald 20%2!
TZBa-201 HlWoto ~ 2.7 um FSA0M 81 ~ 84 %2 FUEZ TZBa-202 79% &
S 20 = UEHSEC. 3 ~ 6 um SAUAME 41 ~ 60 %2 FUEZ T7ZBa-202
62 ~ 72% 20 2H UEISCH. IR edge= TZBa-152 &R 6.3 wun HEZ
T/Ba-202] 6.5 um H3& 2L &2 gt= LIEHYCE.

Bio0:2 BI=0l 15 mol%C! TZBiS| B ~ 2.7 um SAUA 48 ~ 55% &Sl &
B2 OHE X2 SUEE LEYD 3~ 6 m HA0ME 41 ~ 55% 3E9 &
BESE UEHRCH. IR edge= 6.5 wn ZEO0l SIXIGHH TZBa-201t HI==otD
TZBa-15%t TZNa2CH 2 gtS UEHSCEH. Na 02 HIZ0l 15 mol%@! TZNa2l &<
2.7 um FSAUAM 74 ~ 75% BES FUEE UEIR™HLD 3~ 6 m SEUHM=E 36 ~
54% B2 ENEZ MY 2 HAL FUTE UEHHRUCH. IR edge= 6.3 um

BT T/Ba-152 Hi=<otAH < XIGHALH.

14
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100

-  TSBa-20

_sof - - T8
i 70k — s T7Ma
=
& &0l
E I -
2 50l
% I
2 40} ]
© L
= a0} !

20+ ‘

10} \

|:| PO ST P E——

1 2 3 4 5 6 7 8 9 1
Wavelength [um]

18 4-2. Ba0, Bi20s, Na 00t EItE TeOHl =clo FTIR AHEE
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Ml 2

& Bi0z0F &JHNl E Te0—Zn0-Ba0H Z&s&tKclol &
o B35

Jm

1. Biz0s M0l E FTIR &Y% =

0z
&
ol
A

x

Biz0:Jt &IIE Te0~Zn0-Ba0H =2l FTIR AHEZHS & 4-30 LIEHH
Ct. Bix030F BIteg=E ZEUE= TBa-208 JIELE & 4
Ct. 3.2, 4.4 m;m 220 A UELIE ZE=+ HE= H &S
3.3 umOlAl TZBa-201t HIWGtH OH S=Jt i HE AE 2 = Y=0 0lH2
Te0>-Zn0-Ba0AH =cl0ll Bi0z2t EIIEIHAM O E2 OH Z&2
cl W20l OH &0l SOtEl et LIEtS 242 THECH Bi0o EHite ¥
=8 &M (glass network former)@! Te0,2l 22 FXISHHAN L==AH (network
modifier)2 Z2tHl(intermediate)Oll SHEot= Zn0, Ba0S Bi0s= CHAM SIHAl
ZACH. Bix0sJt Zn0, BaO 20+ H =Z0ll
8 4-40lA 201=<0l, IR edge= Bi.0:2 &0l SItetol WMet 6.4 w0l A
6.6 mm& °F 0.2 mm B HIE Z2=2 0l=sotULH. 0122 IR

ol

e 0
N
ol

Lhe O Zi= 401 28 2O HUXNCZ 2HE ZX0I HYSHE Bi0:°
320l SOIE0 M2 ZYFD4 LOtM IR edge® FIIE ZOZ 0ISAIR
soz =

<0 g =
= ULH. Oetd Os @2 S50 HEsE I Hejd ATHE W
i P
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18 4-3. Bi0z9t BItE Te0~Zn0-Ba0Hl =2l FTIR £

Collection @ chosun
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| —»—TZBBI3
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| —a—TZBBi5
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Wavelength [um]
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60 —m— TZBa-20-0
: —e— TZBBi-1

N —a— TZBBi-2
=2 _ —v—TZBBi-3
= TZBBi-4
o 40} —4—TZBBi-5
g L
£ 30}
1]
[
E 20+ HOE B2E 0|8

10 |

U [ L ] ] -. - ]

56 58 60 62 64 66
Wavelength [um]

0% 4-4. 5.6 ~ 6.6 i HIA0A T288i Relol FTIR AHER
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Bi20s2 HIZO0l 0 ~ 12 mol%=2 SIt0l et IR cut-off IMI&ES HEE
IR cut-off M2 &
mEez FosHAL.
IR cut-off It&Ol 6.108 um Ol 6.093 wnE HHIIE ZLZ 0

OH 2te| Z2&=

4-501 LIEHLHACE.

=

£ Littl=

=, olzxe
2 4.4 m S20AM LIEHL
Hote fXNAM SEUEE
Ct. Bio0s2
6.108 um OIA 6.17 m
20| 2 Bi:0s2 HIZO0I
frequency)S ZAAIHA

2010 UL

ION

pS|
=

>

Ol

Collection @ chosun

HIZ20l 4 mol%0l A 12 mol%DtXI

j_al
N AWM = ST 40% 3%
Bio0:2 HIZ0l 0 mol% ~ 4 mol%=2 SItE M

= o N
IS8 =2 =

9)\
o= ol mer 3.2
IR cut—of f IH& O

=
=

Bio0s &=20| 4 mol%
FAGHO

LIEHE 230]ct

Cot=

A
e
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45' | |
O 6.10L \
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0 4 8 12

Bi,O, content [mol%]

1% 4-5. Bi0; &0l SIt&0l Wmet LIEtLI= IR cut-of f B3t
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Bi20s2 HIZO0| 0~12mol%= St 0l et 6.3 mllA LiEtHLIE SUtE BHEE
18 4600 LIEFHHRACEH. Bi0s2l 0l 0 mol%l TZBa-20 =2

6.099%2 S JIE E2 FUEE BUCH. Bi0:2 0l 4
TZBBi-1 =cl2 &< 10.23%2 FU=E 2EA2H, 6 ml%E =et T8Bi-22
2% 12.93%, 8 mol%E e =8t TzBBi-321 &S 12.93%, 10 mol%E
TZBBi-32| &2 15.22%, 12 mol%E & =&t TZBBi-42 S 17.70%=2 B Xt
SO SOt Ct. Bio0s2 B0l 12 mol%=2 SItet B 19.14%2] Stz It
. 012 Bil; d=201 Y SH0AN FUTE &sAI|=
o &0. etd & 0 82 H2dd S HEE It &2
Hel WOIA Bi 02 BIES EX = S0HE &

ME 2S00 & = UAS A2 20 AL,

04
=
N
- =
82—

5 o

o 32

[w)

nio
1)
HT

o b o
=
2
e
w0 0o
40
_O'ﬂ
@

G
Y
o

O

i3
i
]
E3
in
U
=
0
o
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M
o
T

—a—T% at 6.3um -

Transmission [%]
o o

0 | 4 8 12
Bi,O, content [mol%]

+

tol

02 4-6. 6.3 mOIA Bi0; B2 ZIH0 M ST
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0x
&
ol
A
Jz

2. Biz0s EIHOl & UV/VIS/NIR Z2E1 £

Bio0s2t EItEl Te0,~Zn0-Ba0H =2l UV/VIS AHEYH =& ZAWE O 4-7
Off LIEFLHRACEH. JHAIZE SS0A Bi0:0t Bt Rele JIE &2 T78a-200]
LIEtLIE & 75% B &2 ST HIWGHH MPtRo=z X ]
ACH. UV edge= TZBa-202 B 350 nm H &0 RAXIGHALD, Bilz2t SIS
ZME ZO=F 0S50 2 400 nm = JHKl 0lS ofRALEH.

UV edgell HUE ZO =22l 0|2 Bi0s2 &0l SIHEW et Hote 7l
2z HdYE £ QUL HdE#HAR FD0 G=2H TeOH K2I0AM Bi0:0F SOt
SHHl &I =2l (glass network)E & 4&ot= Jtw &tA(bridging oxygen) Ot
Bi* ol20 25 HIJtW AtA(non-bridging oxygen) IOI S2I IR As &
A9 HRMOl ZEgHs YN S0 01H2 3 O ¥2 Xz &Xel ofD|

HAl

ol

£ JlsotAH ot ZstE BHeE2M Ol Xl (optical band gap energy)S 24
O %2 HUXE I8 HIOHEC

=
b LOILF W edgedt RIME =02 0|10 =CHIE 4-8).

A
e

o
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- 60}
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£

E 40 —a— TZBa-20

o 30 —a— TZ/BBi-1

— —a— TZBBi-2
20 —»— TZBBi-3
10| TZBBi4

I —4— TZBBi-5

0
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Wavelength [nm]

8 4-7. Bi0s9t BItE Tel~Zn0-Ba0Al =2l2 W/VIS/NIR AHEE
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70

Transmission [%o]

EEI-
EEI-
4[]-
3[1-
EEI-

10

=
"

\

/f"

|

—m—TZBa-20
—»— TZBBi-1
—a—TZBBi-2
—v— T1ZBBi-3

TZBBi-4
—d— TZBBi-5

340 360 330 400 420 440 460 480 500

Wavelength [nm]

8 4-8. 340 ~ 500 nm H<RIOA TzBBi =cl2l UV/VIS/NIR A

Collection @ chosun
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Bi20s2 BIZO0l 0~12 mol% SIt&t0l et LHEFU= W cut-off &2
8 4-90 LIEFLHACH. UV cut-of f mHES UV/VIS SHOIA LEILI= = TH
DTl 50% B0l oHYSt= MEAS ASoIRUCEH. Bi0s2 HIE0l 0 mol%e!
TZba-202] &< U cut-off &0l 382 nmZ LIEtRI20, Bi0:2 HIZE0| 12
mol%2! B UV cut-off LWEOl 426 nm2Z Biz0:2 HIZ0l 0 mol%0lA 12 mol%=2
SO0l et W cut-off &0l ZME Z2=2 44 nm 0| SSHALE. 01222 Tel:

nio
E
fon
e Am o

0z

H K2l Bi0ot HIIEC2M =2 =4 (polarity)2 JHal Bi* 01201 HIJtR
AAC] HIES SIHAIF, 23 st BHEd HXIOF A0 et €2 0l
UXIOA S Al &R0 6D1 &0 UEtLIE a2 = = UL

Bi20s2l HIZO0l 0 mol%0ilA 12 mol%= SIt 0l et 400 nmUlA UHEHU=E &
& HstE 8 4-1001 LIEHLHACH. Bi0s T E0l 0 mol%0l o &ot= TZBa—20
Fcl2l S 400 mOlA FUEIF 51.34% EE=2 Ot = UEHSCH. Biz0s
20l 4 mol%Oll oHEot= TzBBi-1 =cl2l HR= 31.43%, 6 mol%ES =
TZBBi-22] B 26.59%, 8 mol%E &=et T/BBi-3 =cl2 H2 18.03%, 10 mol%
=g TBBi-4 =2l Z2 11.48%2 FUTS UEIWH FHEIF X &

ot L. elld Bi0s2 BIZO0l 12 mol%2l TZBBi-5 =cl2l &< 400 mOlA &

+

ool

o

B~ U

=

FEJE 5.038% =2 Y ®R2 FIUEE 2YRCH, T7Ba-204 HlwWoHK

46.30% @& SFUEIt 2AGHULCH
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0 4 8 12
Bi, O, Content [mol%]

18 4-9. Bi0; &0l Sotgol et LEtU= W cut-off Bzt

_53_

Collection @ chosun



N w B a
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Transmission [%]

-
o

—u— T% at 400nm

Bi,O, content [mol%]

2 4-10. 400 nmOjl Al Bio0; St

Collection @ chosun
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Rl 3 & ZXQME Te0,Zn0-Ba0H ZE K2 OH HELMW

S HA
1. Ba, Ca, Mg, Zn chlorideE ZJI0l 2 H &% E4 24

Ba, Ca, Mg, Zn chloride EJt0il & OH S MH SUE =OIotI| fIGHNH
Te0~Zn0-Ba0 & & ZH 0l Ba, Ca, Mg, Zn chlorideE 5 mol% 2 &IIot FTIR
=ZX6t0 1 Z2UE O 4-1101 LIEFLHACH. ~ 2.6 um SHHA 79

BEE UEHHAD 3 ~ 6 um AWM 48 ~ 75% H=2 St
£ LIEHUHRACH. MMA2=Z BaCl,E &IOSt (B5 R2lJt & =2 EUEE

Ct. IR edge= & 6.4 um =2 2 X0IE E0IX ALULH
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100

—a— CB5-1
_ B0t — & CC5-3
= 0l —v— CM5-1
= I CZ5-1
o 60
% i
e 40t
L] L
= 30f
20+ '!|
- {
10[ !
|:| I 1 1 L 1 1 J';::-..----- > . =

1 2 3 4 5 6 T 8 9 10
Wavelength [um]

8 4-11. Ba, Ca, Mg, Zn chloridedt EOIE TeOH Kc2lQ FTIR AHEH
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—u— TZB3-20-0
—»— CB5-1
—a— CC5-3

84 |
81 [
78 [
75 |
72
69 |
66 [
63 |
60 |
57 |
54 |
51 |
48 F
25 3.0 35 4.0
Wavelength [um]

Transmission [%]

O 4-12. 2.5 ~ 4.0 um HLAWH A Ba, Ca, Mg, Zn chloridedt &EIIE TeOH

=cle FTIR AHEH

_57_

Collection @ chosun



3.2 ¥ 4.4 milN FEUT HSE 08 4-1301 LEFUHRUCH. BaCl.E FItst
CB5 ®elJt & FAUAM IHE =2 FUEE UEHRC. 3.2 milMde SUE=
Cz5, (M5, CC5, TZBa-20, CBS &2=2 SENU&EIt =O0LRCH 4.4 mllM=
T/Ba-20, CM5, CZ5, CC5, CB5 #cle =22 FUEJt =0tHC.
Two point baseline method€ O|E8t OH &= BIstE 18 4-14, 150 LIEHUH
AUCH. 3.3 um 220 =Mol= OH E== (B5S RclJt & A UEHtD, CM5
St b =0 UERD. 4.4 wn 220 EMots 0H Exx= (B5 =lUA
JHE S LiEtst D, CC5 =elUlA JtE =X LIEHSCH
~ 58 -
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—s— 44 um
—a— 32 um
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3.2 %2 4.4 m M

E
@

Collection @ chosun

Sample

EF]Y chloridedt &I
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il
=

/
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T

/

OH induced absorption [%]

M3
[

CZ51 CM5-11 CC53 TZBa-20-0 CE5-1
Sample

n
10
o
10
11
1>
£
tol

18 4-14. 3.2 mm 220 AN SFE chloridedt It
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(S5} i (=3}
= im =
T T T

OH induced absorption [%]

P
i
T

8 4-15. 4.4 im

Collection @ chosun

=2
T

U

Sample

=29 chlorideldt &JI
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2. Ba, Ca, Mg, Zn fluoride &JI0| [IE H &S EH =24

Ba, Ca, Mg, Zn fluoride &JI0l 2 OH &% MH SWUE &Qlot)|
Te0~Zn0-Ba0 &f&ZH 0l Ba, Ca, Mg, Zn fluorideE 5 mol% 2 &HIIotK FTIR
AHEYS SHGD 1 ZUE 8 4-1601 LIEHLHRUCE. BaF.E &I ZRE
Melotd, ~ 2.7 m AN FhEes 2 80% EEE UEHHALD, 3 ~ 6 um &

AHOM 52 ~ 72% B&2 FUTE UEHHH JIE 8= T/Ba-202 ST Hlw

ot0l 2 XI0IE 20Xl HUACH BaF2l E ~ 2.7 um SHUAN ST 64 ~ 64%
S UEHUHRALD, 3~ 6 m SAHOA 41 ~ 55% =2 FUEE LIEHHRULCE.
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Trasmission [%]
o

& 4-16. Ba, Ca, Mg, Zn fluoridedt &EJIE TeO.H K2l FTIR A

Collection @ chosun

—a—TZBa-20-0

—a— FB5-1
FC5-1

—— FM5-1
FZ5-1

Wavelength [um]
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90
- —m— TZBa-20-0

85 —&— FB5-1

FCE-1

—»—FM5-1
FZ5-1

Trasmission [Y]

2.5 3.0 3.5 4.0

Wavelength [um]

O 4-17. 2.5 ~ 4.0 um HLAW A Ba, Ca, Mg, Zn fluoridedt EIIE TeOH

=cle FTIR AHEH
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3.5 & 4.5 miAe FENUE Ht

= 0g

FZ5 =clel 22 3.5 & 4.5 mllA Jt&

FBS =cl2 B 3.5 & 4.5 mllAd JtE &2
A S4== FBS, TZBa-20, FC5, FM5, FZ5 =2l

Ct.

Two point baseline methodE 0|2

AL, 3.3 um 220 EMol=s H S+ =

=clob JtE =0 LHERCH. 4.4 m
TZBa-20= HMI2Iotl) FBS =elOlA JbE & LIE}

LIEHGECE.

Collection @ chosun
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m o4

=1

N
M- U

|0

S20

ULH. ZnF2 FItet
2RI, BaF2 FItet
2RACH. 3.5 & 4.5 /m
ez sitgs UEHUHU

2 8 4-19, 2001 LIEHH

& SOl VB, FC5

0

OH E4= Hin 42
L FC5 R2IMA JHE =



o
]

Transmission [%]
on on
= n

s
o

" 4-18. 3.2 € 4.4 um OIA
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—a— 4 5um
—a— 3.5um

| L
FB5-1 TZB

s | L | L |
a-20-0 FC51 FM5-1 FZ5-1

Sample

EFZ fluoridedt HItE =elg
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M3
Lr

[} &% M3 [ M3
L= —h %] Ll =9
T T T T T T T

OH induced absorption [%]

o
—_—_
]

8 4-19. 3.5 um

Collection @ chosun

=2
T

U

FC51 TZBa-200 FZ51  FM5-1

Sample

=29 fluoridedt &JI
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N o o o
o = e =

OH induced absorption [%]

.
=

8 4-20.

Collection @ chosun

__ .x'\

TZBa-20-0 FC5-1 FM51  FZ51  FB5-1
Sample

4.5 um 220N SFE fluoridedt Eotel =ell
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Ba, Ca, Mg, Zn Chloride & Fluoride &JI0l (12 IR E4 &L 0H &4 H3l
E Hlw 2438IHCH. Two point baseline method 248 = 0|28l OH &&= H
2tE dluwst 2, Chloride 2& =0l= BaCl,2 &0l 5 mol%2! CB5 =cl0lA

2 Jb LtEtLt= 2 =HRIGHRR D, Fluoride 22 S0IAM Baf2l & 0|
5 mol%C! FB5 RelUAM It Y2 &I LEt= 212 ZoIGiACH. U Ba,
Ca, Mg, Zn Chloride ¥ Fluoride &0 &EJt&I Xl L2 TBa-20 MES| OH &
= Z&% HlWstH O X0IJF I JATUD & = UAs EE=2 IA X0IE

EO0IXl 20t chloride & fluoridedl 28t Ex=S I HEG UEILCD 2|

HEO. et 2 AF0AM AlIdSH 3tetd BI8S S8 H &+ da= E8
ANl =8 25, & E= JtA 20012 22 =l Wol OH E80 g2 =
= A= RS SHTHH chloride & fluoridel SE Al Eolol = ER
Jb UL
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=l E8Al JtA 20101 [HE OH Z&=+ YHEll DiXle &

B/ ®

b, JtA ER/0 IHE OH ZE=8E HAH 2t 24

JtA EF0 et UEtU=E OH HA SHE =0eI6HIl ot Ar, Ng,
O2:He(1:1), 02:N2(1:1)2t 22 IHASE MESHH | 1.6 L/min S2ADI0A
60Te0,~20Zn0-20Ba0 =clE MAGHALCH. M=

n
0z
U
un
ro
(@)
T
Tlon
1>
[‘(I
n
s
ol
1]

S0I510| 915101 FTIR AMERS =XstD 1 ZWS 02 42101 LUEFAUC
HEE D 2HS 510 22 X&o MRHS 2| 20/0A 288 2l
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80 |
S 70r
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»n a0F
E L
@ 40r . 178a200
© 30} —e—TZBa202 Ref-2
= o[ —A—TZBa20Ar  Argas (16L/min)
| —»—TZBa-20-N Mz gas (1.6L/min)
10+ ——TZBa20-0He OzHe=11 (1.6L/min)
0 | —«—TZBa20-0N OzNz=11 (1.6L/min)
1 2 3 4 5 B 7
Wavelength [um]
08 421, BRYE A 220001 T2 T8a-20 K22 FTIR &
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Lb. JtA R0 OE OH ZE=UE WA g &4

N> JtA OIE6HH S0 HE ESAl OH XA SUE &0elot)| ?ot¢ 0.4 &
1.6 L/min A0 M Te0~Zn0-Ba0Hl =clE MZAGHALCEH. HMEHE MH2S2 H S
= WES E0I6H)| Pt FTIR A®EE =Hotl ZUE 18 4-2200 Lt
EFLHRACH. E=st Blu 245 ?0t0 22 £d2 22 3J| 2AJI0N 2
st 2012 Hluw d=2= HHGIJAU. I SUHAH S&et T7Ba-20-0
TZBa-20-22| FTIR AHEZHONA 3.3 & 4.4 mm OGN LiEt= OH St &2t &
ctE= = & U=l 0I1AR2 28 WEHUAN e 25 & s=2 201 SkHot
Jl ed2 B0 2ol LIEtE X2z BEECH 0.4 L/min 224 SHOUIA HIEE

=1 Bluote 3.3 mm 220 A FUHE=IH 3 ~ 5%

TZBa-20-N-042] B2, Hlu 4=
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