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ABSTRACT

Inproving laser effinency, optimum content of Nd*' which is aclrve jon and effect of Cr'® as a sensitizer
are investigaled in 60510.-30Li0-10Ca0} host glass. The glasses are fabricated with the addition of Nd®.
Cr' and then optical properties such ag absorplion spectrum, fluorescence spectrum and fluorescence lifetime
were studied. Finally, lasing efficiency was measured. From this study, optimum content of Nd,0; appeared
to be 3.5 wi% and 1t was observed that the enerpy absorbed by optical exicitation of the Cr*" 1s transfered
to the Nd**. Addition of Cr.0; tend to mmprove characlemstic of laser oscillaion for the laser glass.
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Table 1. Specification of Raw Materials

Component Grade I Source Fe content
510, S0, Speaial grade Hayashi Chem. Co.
L0 LuCO, Extra pure Wacao Chem. Cn.
CaQy CaC0Oy, Special grade Shinyo Chem. Co.
N0, Nd,0s 09.9% Cerac
Cra0y Cr,0s Exira pure Waco Chem. Co.
608i0,- 30L1,0- 10Ca0 46 ppm

~340- EEEEE



Silicate®! Wd : Laser GlasselA] Cr®'o]&2) Sensitizer Fidf

3
(=]
(=]

2

ao00
700
Spectrophotometer sl ent &
. E 680
Mirror M, 2
2
2500
g
o
Mirror Ml Td00
slit exf. 3 .
A Signal 5300
O
z
=]
&
r)
=

/ 1 1 1 ] 1 5. 48

D oD L.o0 2.00 3 00 400 6.00 6.00

e
&
=)

Fig. 1. Block diagram ol Huorescence emission experi- Nd,0x CONTENT ( excess wt% )}
ment. Fig. 3. Change of density as a function of Ndz:0; con-
tenl.
power He-Ne laser
supply power supply

cnergy meter

=
-}
<

]

-

ch

=
T

—
=]
=

-
;]
]

opical Tail

REFRACTIVE INDEX

o
~ ~ 1.- coolng system 1.56

Fig. 2. Laser cavity.

L% s e 85 40 45 50 6.5
2p w4 wel HzE A YawE 34 = NdsCy CONFENT ( excess wts )
Aalr] 918 Fig ld)l 22 W33 2~HMER BRE Fig 4 Change of refractive index as a function of
Ala-sledc), g 3eele] alspgrel i Nd'elew) Nd:0Q; content.
Cr¥'oleypie] f3ks Zapelr] o] A 224
Fyg 2919 FFrE 23S ch A7 T 2LE pulse =% WA A
width7} 50 nsecal Xe-flash lamps AHg-3lelon] A2
o] A& absdc) 3. Za 3 nE
2.3.3. Laser 93 23
Cri*elseg] gtekell ol2 #o]A] 58 =HrEt7] A% 31 2%, ol s W 2HE
A%32 2 Fig 2o vfehdigick Ni,0,9 @ikl mE f212] dmsl d=28E 7
HeNe who}dE o) &z} 9baj7e} BFo] Sxebe  AMF N ol 28] ¥x= wHg Fig 39 vehisch
2 Adel & 1z 7E2% pulse energys Flaled 2le] Wl N0, Hake] FolatsE Fvishdedl
o]} E ubaalzl vl dlo] Mg ou]#|= energy probe® o)7L ¥A¢ kel Ndo| $EF=e wEE Y
ol dghed Zalshadv). 2l EH L 97 25k whapA o 22 frele] wEg Fopgl zlem ATk
7z, 88 7lere vHEdedes 9haE 85% Cr:0y9 geko] Zriad oelx wlefdhne] DE=

A 30 R A5 (1993 -341-



el

1.590
P
[£3)
% 1.5680
=
E
= L
L]
]
11 i
E 1.5870
[asd

5 I 1 1 I b
L m‘:'.J(J a3 ag 0.3 04 0h 431

CrgCy CONTENT { excess wi% )

Fig. 5. Change of refractive ndex as a function ot
Cr;0y content.

Absorbance (arb. unit)

1
THO

1
350 &850 250

Wavelength (nm)

Fig. 6. Absorption specirum of N&** 1on in 60510,-30
Liz0-10Ca0 base glass.

)

Ad gl

% s L 3l A
2ok of g & Zlo=® syt
Nidp(032) Cra0:9) kel m-Z ZHE4 HIAE Fig 4

s} Fig 59 vheb gk Ndu0s3} CrpOvh & 7hel el mhat
f2lo] 2AEe] Fristd e one fEAkAlel 2
71 Zilelm o]aFaEe] £ Ndo} Cro) #7i=el?]

e e}

3.2 E5AHER
3.2.1. Nd,0s2] Fekel] w2 W%

_342_

5

Lok

NT ( cen™")
=}
a

2
s
=

s e @
t B8 2

ABSORPTION COEFFICIE
o
o
(=]

1 L L i 1
2.5 3.0 35 4,0 45

Nde0s CONTERT ({ excess wi% )
Fig. 7. Change of absorplion coefhicient at 'Fy. state
as a function of Nd:0s content,

020

2.0 5.0

Bk

=
2}
&

‘ﬁ’“l“:}]—ﬂ 3’] j]T‘:' ]‘H_i]

Nd:0,4]
3,—_E 1

e

s

]
Ak

=

= o

A%

5
e e

o
de
e gy 2

i

a]l

Ni, CO, Cl.l, FE, Y ‘::':] AT ﬂ
o)Azl spatal 1.06 ume A

¥ A T
EEiE

Ir

o]
T
oo, wizha] dlol#] f2lFe Fe
10 ppm ©)8}E A gE oo sz, & Al A
Alere 2y 7]91%l Fe HwE9 @2 46 ppm
7128 aF 4mlejeh o]algl olfrel fal FHE
#MogEHE A4bE 106 umel A2 loss factors 0.004
cn 2 #2H £ g vehidc

222, BN 4
el el Sh0,2) Fabd sl o
AIE Fig 8 ek 24207}
2380 nmeli A] Crt o] 2ol )] kA Ak - :

Aelel 2, 450 nm2k 650 nmef| 41 Cre' el &gy 2
H ge Tyt faEEgdeh 5 2] molar absorplion
coefficient7} Cié-ol@wo) =7 wiel Br} 74
& il it o), shala2] Feke] F7h

23hebrt BARR Sh0y/Cr:0:0] 19 of o] Fpl

&)
=4

o

o

)
&
7
g

2

al &
=



Silicated Nd ! Laser Glasse]4 Cr''e]&28] Sensitizer &3

2
c1
-ca
= o c3a
=
3 ca4
)
ey
L)
Z
o
(]
= 1
i+
=
3
A
<
e
200 100 400 500 [2e14]

Wavelength (nm)

Fig. 8. Change of absorption speclrum as a (unction
of 8byQ, content.
CL) 3b,04/Cr0,=0
C2) Sby0/Cr0;=0.05
C3) SboQyCr=0.25

C4) SbZOQ/CQO = 0.5
CE) Sbqu/Cl’gOa =1

78] spehat Crol o] folma Sol 4 ¥R Crool
Bow TAWE %4 Aok SRS HE EAIG N
e 9] ol

AbEl A sl L B EaL o= o]z
Whajo] =25 A= VeRdich
Holddal Cr'mol2e] Fdle 3BT Yte] Nd

of vis A G2 Fedg Jedm ed oo
Eh outer shell?] x}=) & =7} =&
Hamol vl o8] el iR 2] sl
AggpstA] 2 d2 el O o] &9 ouXE97) sphtE]
At shift=e] 7] njFelch?,
3.23. Cr0:8) gefell o}& st
Cr:0.8) grakdstel 22 Ffprsdes) Bouis
Fig. gofl vielligich Cr0n2] ahake] 7)alel) ule} 450
nms} 650 nmell 42§ Crite]es] o Ffdr) =
]rf]-ﬁ AL BT m gle] fols) g Ty
glth 450 nmsl 2 =)5) 43]:1:]{% u]AEH}T]o‘_ 14,
B 4T, Fo ]i—f] 71‘5]0]] 2]gl 7
Pl A THEYH T, Tz, FHE
E]O'] Jh o2 584 nmel] =gk N
Sojst ol BAYE AoE HuHAUC

= Aol

~d
B

2oHe
O
i

o
:}dr -J'

[ A )
-o
"

=
Ll
% ol
k)

E|o|

.,
P
e

A30H A5 F(1993)

Absorbance {arh. umit)

L i L
aae 400 SOﬁ 600 700 LI 900

Wavelength (nm)

Fig. 9. Change of absorption spectrum as a [unction
of CrQ; content.
NC-1) 0.1 excess wl% NC-4) 04 excess wt%
NC-2) 0.2 excess wt% NC-9) 0.5 excess wit%
NC-3) 0.3 excess wi%

E Aol o Crtel ol Eadaie] Rawglor]
Nd'"el&2] & ’“rﬂ 2178} 2 EE et gl 2o
Hel Crime] & Nidiro] 2] ofiis #3ie] obpal o
= Frghs A2 40Ec

Fateg AAEre A4 Nl 0o

dafe] ulbE 3
wE Ne*eles] Bz o
=3 243 A74E Table 20 vlehilgdrh
Nd'rel22] Feko] 3wtthelA] 35 wtHZ F7HEl
-:t}a} o huls A E“E.Eg]ﬁl 7i—£7]_ 57],5],1;]_7]_ 4.5 W%+
s e 23]e] Piste Ads ek )=
Ndelig] Feko] Zrheted Q7deolzzbe] A7l
e ale} #7)" ol2o2HE 2 e]L o2 cross re-
laxationdl] 2]l o=z} Hal=e] ofu]7]7} phenons]
HU R Foede) F5EeRa felrEHe) dRiE
52 ZAAFHF) o Zen 2k ]o]‘_o] Nd“o] 221 A
7 ko] ZafEE =ln|gcl 3 peak®! %A 1.059

-343-



9 ol T,
-l
el
N
030
25
%
c
Ip, U3
.
Gy _le'z T,
:’(lsn Vi
Q- .G!h
Gz
,.I'._' ‘G,‘,?‘Gv:
2
5 s ‘:‘
15
N “Faiy g
- T “San
— “Fora Ty
“Fin
& 1al-
m
=
pu]
=
w “hese
g s
= “asa
[ g ‘ay

Nd®T crit

Tig. 10. Comparision of experimental energy level lor
Nd** and Cr**.

Table 2. Change of Fluorescence Intensily as a Func-
tion of NdsQz at Room Temperature

Nd;O; content Fluorescence intensity
(excess wt%) (arb. umit)
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Table 4. Lasing Threshold and Slope Etficiency of La-

ser Glass

Na. Cra0y slop Lasing
contenl efficiency (%) | threshold )

NC-0 0 wt% 036 24.66

NC-1 0.1 wt% 0.67 2247

NC-2 0.2 wia (.55 22.65

NC-3 0.3 wt% 0.55 21.36
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