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SUMMARY

I. Project Title

Development of the plastic solid-dye cell for tunable solid-state dye

lasers and study on its optical properties
II. Objective and Importance of the Project

It is essential to use tunable lasers in atomic spectroscopy,
environmental analysis and the atmospheric remote sensing. And it is
required to use a compact and rugged tunable lasers for the portable
measurement system. The most widely used tunable lasers are dye
lasers based on liquid solutions which can offer wide tuning range and
high efficiency. However, because of dye degradation, heating, and
triplet—state formation, dye laser solutions have to be flowed through
the laser cavity to maintain constant gain and beam quality. This
requires bulky dye-flow systems and reservoirs, which requires large
quantities of often flammable and toxic solvent to dissolve dye.

Many efforts have been done worldwide, to develop novel tunable
solid-state laser materials which can substitute dyes in liquid and
several solid-state laser materials, such as, Ti:sapphire, Cr:LiSAF,
Alexandrite, and fosterite have developed. The lasers with these
materials can be compact, robust, and versatile. But these material are
expensive and the lasing wavelengths of these lasers are generally
near infrared region, which means that frequency conversion process is

needed to get visible wavelength.

Recently there have been many studies all over the world to



fabricate solid-state dyes by doping dyes in sol-gel, silica, and
polymers. It's because that solid-state dyes can be produced in an
extremely low unit cost and have the same tunability as liquid-dyes
and therefore can solve the problems which both solid-state laser
materials and liquid-dyes have respectively. Dye-doped solids may
be refreshed within the laser cavity by either movement or replacement
and also tunability over the entire visible range range is possible with
several automatically interchangeable gain elements doped with different
dyes. So solid-state dye lasers have potential to become small, efficient

and cheap tuning extentions to pulse pump lasers.

By considering that the advanced countries are eager to develop
these solid-state dyes and the laser market is governed by these
countries, it is very important to develop solid-state dyes and compact
tunable solid-state dye lasers system by ourselves. And it is the very
object of the project.

IM. Scope and Contents of Project

In this year, we have fabricated solid-state dyes with PMMA and
investigated fabracation methods with sol-gel glass and ORMOSIL.
We have designed the various kinds of solid dyes with different sizes
and shapes to broaden the application area.

We also designed and constructed various kinds of solid-state dye
laser oscillators, such as self-seeded type, dualwave type, distributed
feedback type, and investigated the operating characteristics of them.
We have developed a 3-color solid-state oscillator/amplifier system
which might be useful in display industires. And we modified and
improved the oscillator which was developed last year by adding the
computer control. By this the gain element could be rotated and
translated automatically by the computer and as a result we coud

increase the operation time.



IV. Result of Project

In this year, we have fabricated solid-state dyes with PMMA in
which there are free radical initiation process, free radical propagation
process, and termination of chain reaction. And we studied the sol-gel
process with sol~gel glasses and ORMOSIL. |
We designed and fabricated the water bath with constant temperature
and moulds for different sizes and shapes of solid-dyes.

We have constructed a very compact Littman-type cavity and
observed the single longitudinal mode opearation with the linewidth of
less than 500MHz.

We have constructed a self-seeded solid-state dye laser oscillatore
and observed the increase of the output power. The operating
charateristics of the dualwave oscillator and distributed feedback
oscillator was investigated. And we have developed a 3-color
solid-state oscillator/amplifier system which might be useful in display
industries. And we modified and improved the oscillator which was
developed last year by adding the computer control. By this the gain
element could be rotated and translated automatically by the computer
and as a result we coud increase the operation time by using almost
the entire region of the solid-state dye cell.

V. Proposal for Applications

We could make a solid-state dye laser system which is very
compact, handy and versatile when we develop the technologies of the
fabrication of the solid-state dyes through this project. This means
that this laser system can be applied to atmospheric and underwater
sensing, monitoring of the environmental pollutions, local area

communication networks, and spectroscopy.

And as a solid-state dye laser can be compact, inexpensive, short in

maintenance time, and nontoxic and the solid-state dyes are disposable,



the advanced countries, such as the United States, recognized the
merits of them and ére eager to apply it to medicine.

Therefore it will be possible to apply the solid-state dye laser
system to the apparatus of medical treatments after the development of
the laser system is finished.

And almost all of the tunable lasers, including dye lasers, in our
country have been imported from other countries. So we could expect
this laser system might be a substitute of some of them when we

finish the development.

We believe that ceaseless supports are necessary to reach the final
goal of the project because it is possible to develop a new versatile
tunable laser system with small research fund and we can obtain the
fabrication technology of laser gain media.
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5} sk Al © 2 CsHgO29l MMA(methyl methacrylate)s AA] AHZ &A43}

7
=
E x> (monomer)2A FstrzAe oy 2-13 2o EF EAHE M2
<
A

'

S do

(3

P

—~

L

1000.12g/molo]™ H-u2 ¥ 1 lirter = 094 kgolth. =33 ##&49
Zvzy AR -48C 2 100Celtt. A #2 % (flash point)= 8C AZo|t}h =

&2 20CelA n=1414°lt}. o] A9} 54L& FAo|xut AF4o] gz 2
A

o rir

gurgoz N FrFEe EI7E ok 10%(Expolsive limit : 12.5%)9 TH& <]
d o, FHAFANE X Ao A Exed AHE A getE gl A
(o]

opz Fog gart gt
29l APAHL AAA(nitiator)& L 3= ¥

€9 G
AEF2RFEH AFdd. ZAF gz S AEHE AAAE 98 FF

ot
2
H
o
o
o
A
ket
32,
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7 QA gk 2 FellA Azo SEEALEY AIBN(2-2'-Azo-bis-isobutyronitrile) %
F715<¢  peroxide(ZFL  hydroperoxide)®  E&3t=  Al¥<Y  Benzoyl
Peroxide(Bz:02)7F d¥td o2 AMR=E 3 o 22 AAAEY 38 Fx2A
2 2-29 1Y 2-33% Zoh

AIBN AAAlEs 29 2-49F Zo] &% 40% olie 4§ 7tsjFd
isobutyronitrilef-&0°l & ©49 FFAT o] BRI HA HAA N2 LA
A=t o] W 283 o] AAA AIBNS F %xz+o] zgidztg A3sgit). o] #

3 AIBNO] gtz Eo] AAAAeie] MMA ZxHEd vyd F8e S do=
A %zE o|FA ¥t} Benzoyl Peroxide A 28 2-59 o] €& 7lsjFH &
A FxAY TR T AdaY FHEFol BolARA HAE WelFE iy
ZolHa ol 1')r/‘] A F294 A2 B4 olFHAFAA AA stUtE
gojd A} FHZEATE ot o] W F Y 22 COE AEA7|HA W
1PFEA F Y AR FYUBE Asech oj9k Zo] A A A(initiator) 7}
2 (dissociation)H < GAIE A+ #dZ A A (free radical initiation) 32
A4 AlAl(chain initiation) @A g1 o} o]z g AAAR Akl FAE
ez TPHEE dodlE ExvEY FFE <A A5 3% Stylene, Ethylene,

il

2

Vinyl Chroride, Methyl Methacrylate, Vinyl Esters 5°] gt} o5& vz 34t
Ef o] #F7] 335 & (unsaturated organic compounds)2A4 F¥Hel 33 T
£ ¥gety ARE oz wstdnh oy FENEY dFd 1YES A
& ool AAHE AF SddZ A (free radical propagation) &2 43
A 3} (chain propagation)@ A2t du}. 18 2-68 XA AAAZ F MY @
gz 2R'2.2 Wgstn, o]AF st HuZ R'ol 99 N-MMA a

Lt
b
-y

o
o o
fir
o
k%

Ju
K

F A A2 ZAHF SYZ Ry, Rg, Ry, oo , Rol, Re5 & &
HAe] gtz FxHqoz FHH G MMA AW 2
= CH2® ®tA¥UA( @ -carbon atoms)e] AAE oo dxtel M2 F&4

ol
o
i)
]I,g‘_‘:
fo
o

T o] FA Hot olW CHeot 23S ol F 2 d v & g@adAdA Axsty
WolF 1 SFAFo] FAXAHA HAE #He H2ZE gZo] drh ozlsh ¥
S FAHol AEHo=E n e MMA EX A o]FojxH AAF3d oz A&
(growing radical chain) Rn.¢] @t} 18 2-7& U}%7}7‘]i Erv dHe &
FEAME 2 gontgS st dgo M-MMA Exv IFA A%
A m 7Re MMA 249 ZAF oz 943S doA 4" Juzd A&
(growing radical chain) Rno] ©t}. o] 2f3h Mol SgZd At&o] Zgste =
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9] FZA(termination of chain reaction)

o
o

gAE A4

|

o

o

ol
olo

o

KR

ojy
T0
=
A

—
=

(bubbles)

kva

P W

W <& Hk-2-(exthothemic

HA

SRR
2 Fdwgel AAHA 7L

FARIAY Eix=m Ato]o A 7]

o] W A&s

[e]

kg

2,

a2 A EA L (solvent)]
=]

1

25 g S (Free-Radical Polymerization) 2]

w7 "
reaction)o] ¥,

o} ] Ei‘ﬂﬂ

]

4r

3ol MMA

A A717] 9

& AgE

o] AIBNZ} 1kg-A]7]
1 (weight ratio)® = o] t}.

o]

%
ol

3]

°] ¢

A

o Az

)

1
|

o

2 €& 7taiA T

BEE FAAE FE

gl AH§ )

g

d, 3

=
L

AA A 2] H&o] oF 200 :

Nl

14

ok
2}

b &% 27 9F 40T HZolA

—

|l

olo
ol

M= § FE(mold)

p—

A=z dFstua T 9

P

k)
H

7o T

1

L

].

ot F Ao fFEAlelo] mFAEe] sH2F (rubber gasket)E

°

A

[e]
=

2 A2

o

ojy

)

o
|

o]
ol

=

A A 2

H
A A7

= A

o} ¥ AAAE

=
3

qFE 3o

—_
o

K

oF

K

]

te 2%

fite)

|

—
o

EEE ¥9qFolE

E=7F =87 wEd

3 gozss] W

°

A A

[e]

=

AE= d7)

=13
=

]

J
T
Z3

™

—_
"o

,.mo
b

RS

M

]

o
‘Dro

&

)

o

ste] o] FA 2 A Stearic Acid(CH3(CH2)6COOH)E &%

. 27t 2 PMMAS 22 &L 14924 A EH e MMAS 22 &R

o ola

(S

F71 4l

°

1

k)
Rl

olgHE=

7

8|

=
s

h=1

2}

Nn
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Methyl Methacrylate(MMA)

29 2-1. MMA (methyl methacrlylate)®] 3Fst 732
CH, CH,

| |
H,C— C— N=N_C—CH,

| |
CN CN

2-2'-azo-bis-isobutyronitrile
(AIBN)

a3 2-2. AIBN(2-2'-Azo-bis-isobutyronitrile)®] 3} 3241,

@ E o O_E_Q

Benzoyl Peroxide

2% 2-3. Benzoyl Peroxide®] 3}8F 3321

- 22 -



CH; CH;

I I
HE—CINBNF G~
CN CN
2-2'-azo-bis-isobutyronitrile
(AIBN)

l Heat

CH3 Electron CH3
W |
HC—Cd" * N=N + ooC—CH;
I I
CN CN
Initiation fragment(free radical)’

free radical

79 2-4. AIBNS A% 392 94 AH,
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Benzoyl Pefomde

lHeat
@—-—i—OQ + QO—-!LI_Q

Initiation fragment(free radical)

(0]
@T..,ﬁﬂ?

free radical

o |

free radical - -

% 2-5. Benzoyl Peroxided] Af &z IJA HA.
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Initiation

N-Radical group
™o G
|
HGC—?—N=N—?—0H1 — HC—~C |o
oN oN on |2
2.2'-azo-bis-isobutyronitrile (ABN) —» XRo m
Inintiator Radical
" Propagation -
TTeh. T cHH
AN __C/CH* |1 S
HC—Co + A — HC—C—Cc—co
! d /=0 Il e=o0
oN pr CNH ¢
N
AN
- > o,
RO ¢ M — Ry

Radical’ Monomer(MMA) Radical 1

CHy H CHs H H
o, H AR RN

1 1
HC—c—c—co + =€
/ \
PN H c=0 P I
ocNH 0 e CNH c=oH /o0
AN I N
Nen, CH, o CH,
. . T
R + m — R0
Radical 1 Monon‘er(MMA) Radical 2
ChbHCcH H ClkHCH HCH H
o b 1] |_C€°”= M we L 1 1T 11 e
—C—Cc—C—C + = —C—Cc—-C—C—C—C—
L 111 Y=o W Jc=o0 I 1 11 1 Ne=o
CN H ?=0H / b CN H ?=0H ?=0Ho/
; o o ZH; ZHJ o
i R + M — R -
; Radical 2 Monomer(MMA) Radical 3
_ ; \4 _ -
CH: | H cH, cH | H
R H, % M
HC—C~-c—C o , Ccm=( - HC ~ C—C—C o
R H  \cmo Pl
CN | H cl:=o o/ cN| H c=o0
N
L. s
L | n-1 i CH_, i n
Ra1@ + M - R9 ;
Radical (n-1) Monomer(MMA) Radical n ;

a3 2-6. MMA 334 A N-groupe] @tz HatdA,
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M-Radical group Initiation |

°© % o
]
HC~C—N=N—C—-CH —» HC—C |o
| !
CN CN CN |2
2-2'-azo-bis-isobutyronitrile (AIBN) —» 2R o .
Inintiator Radical
" Propagation
CH; H
HC—Co + / \ — HC—~C—C~cCo
| H /=° L1 Ne=o
CN fo) CN H o/
AN
AN
CH, cH,
RO + M — R .
Radical 1

Radical’ Monomer(MMA)

CH H cH, H o

v/
C - C—C— C== —_ e e [ ———
e Ic ? c<c=o+H/ \C=O_> Hac ? ? (l: ?_CQQ:O
CN H 0/ o/ CN H <I;=o H o/
N\
\CH, CH, o NeH,
S CH,
R + M — Rz
Radical 1 Monomer(MMA) Radical 2 i
|

H
D s A A
c=q HC —C~C—C—C—C—C—Q?

HC —C—Cc—C —C—C2 +
I | \c-_-=o H’ >C=O - [ [ C=0
CN H <l:=0H 0/ o\ CNH C=0H <|:=0H o/

o Nen, CH, o) o] Nen,
|
by, Ly by
Rp + M — R@
Radical 2 Monomer(MMA) Radical 3
_ - 4 3 _
CH; | H CH, CH: | H
Lt AN I lclHa
HC — CdeC—C ° , fc=¢ - HC—Cc—-C—C o
R H  Ne=o R
cN | H (':=o o/ CN|lH c=0
I
o e, o]
L &‘l;\ | m-1 &'l:\ m
R + M - R#

Radical (m-1)

a3 2-7. MMA Z¥3Ad A M-groupe] @tz AxtdA.
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- Termination .

Poylmer n+ m

2¥ 2-8. MMA FE#AA] F2EA E97}
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it
0,

golx Axrt Hrtd nAGH ZEv $2EQ PMMAS AFHAL

¥ 2-9% Zo] 2ZIFHAAS VT o)A L EA
Z

9,
Al
ro
e
©
)
oy
1%
o
rh

3 o] 40C HEOA FF & BY HEY NS Fo AAF I E
3le Aol oly:, AdF A AbEstE WHolth. &
T Hx7l ' dAGEHE ABAT e GAEAM MMA 2
2o AEE AV Ao olF AL o AXAE MA B
g, 2 F 9% ¢ 13X MMA 2= & 100C7H#] &%
FukstelE H oAl 22 #Feol AAL MMAE FY3td Ex
y sttt o] 258 90~95TE FAHEA dxE X3
o A HFx e AALEHZ W3tste] & Foll 60T
. e F7159 10%0°]4 MMAS 71
S+ EELAA gt AFo] dnts FHold. wepx F7]9 &do

m
[

H
]
T 2
A}
N
o
o
2
4N
>

271230 93 £ 19(Oligomen 2 W3kE MMAY EZAHS Fe

A FASHAZ AYSIIA AANAABN), olg4 B Ba3 @rEA @
l_%

%1:

= AaE MMAY ZElnve & x|z ggowg i Eulo] 2

o
=
J=

AN LFo mo] MrAAL FHAT 2 BL vl vlotq HL
o] gESse] Zrh LEH Hwole] WFu s wepq i dolqe Fgol
G T B LPlME < 10% Fiwe) FEel ERAUYG. Axrt B
MMA £8)2o] &3ae A}z 2-1, Ab7 2-2, AFd2-3% 22 gsiA Aze

o
i
2
N
o
it

L HES AR 2-49 2E 2 23X & A (Circulation Water

A7|eg2 259 FA7F ¢ T8ttt of W 25& < LR/TAHAE7 HIshH
o] ZzZlo] W AZY] E FUIUAS BAES FE3) oF 10A12ke] XA
Aol nAGEHE HEdAT HFTANAAE nANLEe FEE =ole AR
A1 PMMAE 95T 2AIHEt FASAF oz A 443 nAdez Hes
o} wiR|gte 2 PFES A ASAE A AFE ML (solid-state dye)@o] A F T}
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Dye  viscous MMA
Solution

Temp. = 48°C for 10 hours 4

————
: i

kTemp.(°C)

Temperature Control

2 4 6 8§ 10 12
Time(hr)

z& 33 9

-
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4|z

Tapering

|

7

T
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48

2-1L ZAAE A A%E 9% 47 Y59 7=

®23.4

350.8

258
12.4

16.5
i
i
0
A
]

~" cell
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]
—
bt
=
&

=
Q
=)

2 e SR

IR

3

A 2-

265 mm

4 2z

EES

il

*

al

H3d

-12.

% 2
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AR 2-42 1A M Ae AFsr] A AN AR FE T2
F X (Ciculation Water Bath)2] 92 <o|t) o] A& 1A AMa 4ol A
LA AN ALEEHE FANZH PMMAE 32E @2 ARgE A$d AA F
FHAAA LAHE €& B 258 HMIAA A3 E e FXolth 2

EA AUdERE ¢ £05C o fjo]t).

Specification
. . Inside : W450 X D300 X H450 mm
Dimension
Bath Outside : W700x D400 X H530 mm
a Interior : STS304 1.2t Plate
Material
Exterior : SPCC #1 1.2t Plate
Source AC 220 V, 60 Hz
Power -
Consumption Heater 2.8 kW
Range Room Temp. ~ 95 C
Accuracy + 05 T at 50 T
Temperature — - -
Controlle PID control-Digital Setting Display Type
Sensor Pt 100 Q TID Type
- Magnetic pump & Solenoid Valve
Water Control
Water Control Circulation ontro
-20 liter/min
Drain Valve - Inlet & Outlet 3/8 inch STS pipe

£ 2-1. & FFAZAY AL

g FAY WF 2EFe AR 2-53 Zo] FEE AYA E £ F4
& F JEE FAHY 3, vigd des £28 AsAIe U dlon
Y 228 U3 d=F 7] A HFY E& B F=ZU HEH
of Ao Y F2o] HAART G5t olE WAAIIEE JFoA Yz
7t FRHEE SdxolE BB AAH gl FRuY B9 2EE AW
(thermocouple K-type)E ol&3te] #Axstn Hxd 2xwWsto] watA PID
o] FEEYT} o] E AosHA =

_33_
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Al 2 A Sol-gel glassE o] &35k 1A 24 A

TAGERAAE A EA WHEoEXA F7]EZ (inorganic material)
S 1A 3 AAEA(solidified host material)E AF£38E A 9ottt F7EZ2E A
EgA4E AUdA g AEE FA e dEAYU Aol Fl(glass)Adl ]
9 FASE TA2G0)FHE AAE ALY FrEZolg. olxE HKeledt 22
FeA 5o £& EAE o)&3tq #HolA o SHEREA ALY HolA &
AA 28 Pel] 5 F 54 AYA @ 2894 F839 AFeAA A&
He BHE ol&3t9 mAaAAS AT e goh dveid, Frjeds o
Aststeid Fr)1E22 YATE S5 (fusiomA A EH o)d Bd &§ &%
7} M=o " F71ER FRA oA MAE HrMslel mAMNLE AR
Ft = ARAFRANA AA BAVF 2L §§ X AYA R g7 H
o] #olA mMAZA AHEE 7} vt ol =S

& Aol Fr1Ed dHolA i
AH7tste] AR £ 2ERT R 2 XA A FEH ok g}, o]
Z Y3t ALEEHE 7]E0) &2 7]%(sol-gel technique)olx o)& A slo] A
He AAEEZMNE 72 HF2(sol-gel glass), polycom glass, ORMOSIL
(Organically Modified Silicate) % ©| °‘E}

A WYL FUIEA s 2L A7 A & £F tod
AR = o FrEHA ZeHds FAdst AFE & At FrIEH
Z A ol Q‘“ W7l E S 7t &8 (hydrolysis)®t  ©% & &4b-$(polycondensation
reaction) 22 AHE £ Qo oldgd HIAUFLE &Aoo FHE AFER
(precursor)®A] Tetramethoxysilane [Si(OCH3)4TMOS]3# Tetracthoxysilane
[Si(OCH5) 4 TEOS]E Jom 1 Qo= F FTHY EFF S0 ¥ 2-2¢ ot
TMOS® TEOS= 13 2-13¢1M % Zo] EAT2H o2 B silicon AT

il

o =
= =

0z
Ol

of WEy T A7 BFEHAYE FFolt} o]l E Fo TMOSS 7% o
sho] Awstd 23 2-149 Zo] TMOSY &2 #7Mste 7l £ 3 (Hydrolysis)

HHeS dod)H ACH:OH)E AAdgdh old F 719 Si(OH)wAY & §uks
(Condensation) ¥ 2-159 o] o]Fo4A & dye] & £x& LA, of
AY HFetgol BT E wgetA HW I 2-167 Zo] MEYHZ Fx2&
AsHA "o} old tEE T vHS(polycondensation reaction)o] o] Foixle AL
of wWatA linear YA 7=, chain ¥ATFE, entangle YA+ Z, cluster YAFZE
¢t colloidal YATFZEE Wzt o]y w3z FAHNA AT EZ[Silicon

_36_



Alkoxide materiall®] %, pH 5%, &2 #, &dA=Z A&3 = At - |7](acid
- base catalyst)®] ZF(E 2-3)¢ & 2l B2 & 2 ¢Ho mgtA &

A $ele E4o) ARErh

Physical Properties of Typical Tetraalkoxysilanes.

Dipole
Name MW  bp np(20°) d{20°) »n(ctsks} Moment Solubility

MeO OMe
N s
Si
77N
MeO OMe

Si(OCH, ), 152.2 121 13688  1.02 5.46 1.71 alcohols
tetramethoxysilane TMOS

ElO OFEt
AN Ve
Si
/N
EtO OE!

Si{OC,H,), 208.3 169 1.3838 0.93 - 1.63 alcohols
tetraethoxysilane TEQS

Si
77N
C,H,0 OC;H,
Si{n-C,H,0), 264.4 224 1.401 0.916 1.66 1.48 alcohols
letra-n-propuxysilane

CHO  OCH,
si
/7 N\
C,H,0 OC,H,

Si(n-C,H,0), 3205 1S 1.4126 0.89% 2.00 1.61 alcohols
tetra-n-butoxysilane

(MeOQCH,CH,0),5i 328.4 179 14219 1.079 4.9 — alcohols
tetrakis{2-methoxyethoxy)
silane

¥ 2-92. Tetraalkoxysilane A 782 (precursor) &2 E2|& 5A.
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Gel Times and Solution pH for TEOS Systems Employing
Different Catalysts.

Concentration Initial pH Gelation

Catalyst (mol.: TEOS) of solution time (h)
HF 0.05 1.90 12
HCl 0.05 0.05* 92
HNO, 0.05 0.05* 100
H,S0, 0.05 0.05* 106
HOAc 0.08 3.70 72
NH,OH 0.05 9.95 107
No catalyst — 5.00 1000

E 2-3. ZujAlY TR mE 2 FHE A= 287

2729 AFFANE AZ(drying)9t 243 (sintering) 7o) low # o)
A Mg EFsE A Fr|E2FA 9AEH (host material)el 2A(geD el 7t
§7] Aol EFs Foh Aol He Y7 2Ev Ui/l A4 60x AxolA
FAHY @A wEtd da W@3b vk oFEA zAsE WZEAE 24
(amorphous material ; xerogel)2 o}F 1% ¢ A (nanometer particle size)®] =
S(pore}g Ze DANLAZ ST ol FEgHOFT WILES st AT
o} Ayt Ao AXEAL AFEsH F A A (photostability)H A PMMAKE
o & o By FHu Utk Aelvt A(solge)d 2EE L n=l46ojtt. 19
2-172 Aol nAZHE FAFE NIALE HHste IHolH.
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H

I
H—-C—H

I
H

Methane CH,
H

I
H—C

I
H

Methyl CH,-
H

I
H—C —OH

I
H

Methanol(Methyl Alcohol)
CH,OH
CH; CH,
I I
o o
\Si/
7 \o

o
éH3 éH3

Tetramethoxysilane(TMOS)

I
H—C —C—OH

|
H H

Ethanol(Ethyl Alcohol)
C,H;OH

CoHs CoH;

5 ¢

\Si/
7\

O (0
Epy Eom,

Tetraethoxysilane(TEOS)

I3¥ 2-13. TMOS$ TEOS®] #teh7x4.
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.

5 5 OH
N~ |
Si + 4(H,0) —» HO__Si— OH 4 4(CH;0H)
o’ Mo |
| OH
CH, c.l:l-l3

a9 2-14. TMOS$ 239 7hrE 8 uts.

OH OH OH OH
| I |

HO_—Si— OH .|.HO_S|i_ OH —HO_Si_0_Si—OH +H,
| | |
OH lOH OH OH

13 2-15. Si(OH).o] =§Hks.

OH OH
O_Sli_O_ |i_QH + 6Si(OH), ——»
CI)H CI)H
OH OH

|
HO —Si—OH HO_S!i_OH

OH (B J) OH

| | | |
OH_—_Si—0—Si—— 0 —_Si— 0_Si_OH 4 6(H,0)

I | | |
OH O o OH
l |
HO —Si—OH HO__Si—OH

I |
OH OH

a3 2-16. Si(OH)9] w55 ks
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Sol-gel processing

0000000 Cab-o-51
o000000 Aerosil
Q000000 ——> —> —_ Ludox
0000000  (dssave) Dehydration, Rapid Drying
oo00Q00C O chemical reaction|
Precursor o %,g' Aerogel
Q't;%.' cd
> %,
KL %
% DD&
06)
N
A o™ oo,
oo 8%
P D PRRE
&R e c@%‘s
N 1
At & 8 e
g
lg Gelled spheres §
5

R
ThinFilm coating
% Dense cerarnic

a9 2-17. 42 nAS Aol i AEH 2.

E2PE ol &3 nANLE Aol dF J2AM HdHshE, TMOS (15
cm®), Methylalcohol (125 ¢cm®)$} Formamide (2 cm™(HNO:Z %7} Ron 7
25 2437 A% 38 HAHADE EFStA 25CAA & AoErh. 2 &9
Hol B (183 cm)& H7bsted oAl 108 B o HojEdh 3 TMOSY &
H]-& ([HZ20)/[TMOS])& 10°|t}. vlx]2t o 2 Sulforhodamine 640 10mgS ¥ 5

2 Fo AojEh HF EFUL polysiylene FRo| ¥1 TR HAZ o)A
2 60TNA 1AZFES FA5E Ao] WAsm URH FHE 60CAAH 2443
E o o) (aging)sh ¢ Hel FRE G 60THM 4 4 FU AZE AF™

o

SR
L
(\)O
0
5

_[E_;_
EAo] gddY. ol MAo] AT Si09] Ao ¥]( dye gra
C=172x107%]t}. 728 Ao YTE p=138g/em’ 22 AXEE Hio =
T CE 39x10° M/literelgtm 23ng w7 itk w3, ORMOSIL(ORganically
MOdified SlLicate) 22 t-29 & 2-49 22 A FHE T3 AZsie 4
e vyl raFgen o9 2-18% Zeo] HelA MLk CDMel #H7tE
ORMOSILE] A zylol] distei® B o).

(e
o)

o,



ORMOSIL Molar Dopant
gel host ratio dve Cone.(M
TMOS 1 C153 2.0x107
MMA 1
TMSPM 1
0.04N HCI 35
TMOS 1 R6G 5.0x10™
EG 1
GPTMS 1
0.04N HCI 45
TMOS 3 R6G 5.0x10™
MMA 1.5
EG 3
TMSPM 1.5
GPTMS 3
0.04N HCI 16
TMOS = tetramethoxysilane Si(OCHs)4
MMA =methyl methacrylate CH:CCH:COOCH3

EG = ethylene glycol

HOCH2CH2OH

TMSPM = 3~-(trimethoxysilyl) propyl methacrylate
Si(OCHz3)3(CH2)sOCOCCH:CH3
GPTMS = 3-glycidoxypropyl trimethoxysilane, Si(OCHz3)3(CHz2)sOCHCHOCH:

% 2-4. ORMOSIL
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GPTMS

C,H.OH
Ti(OCHy), 15 min, 25 °C
1 hr, 25°C H,0
Dye(DCM) Solution 1 hr, 25°C

Sol
gelling 7 days, 50 °C
Gelled Mass
cut polish

Laser Medium

29 2-18. DCM A&7t H7F8 ORMOSIL Al A&,
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f=200mm L=50mm Screen

l‘_’l Solid-State Dye

He-Ne Laser H

Commercial
Solid-State Dye

Manufactured
Solid-State Dye
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. Surtace/Havefront Map
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-8.99788
240

ce (pixd
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Commercial Manufactured
Solid-State Dye Solid-State Dye
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)532-nm Pump Beam

{
AN

ocusing Lens

f=200 mm
Solid-Stats
Output Coupler Dye
Tem Dye Laser Output

Tuning Mirror

29 3-1. 3839 Littman 537 +%.
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Intensity(arb. units)

560 570 580 590 600 610 620
Wavelength(nm)

23 3-2. Littman®d 2 7]dA A7 A= ER],
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Rh 610

55583

-8888¢

Rh 590

i /

Intensity(arb. units)

550 560 570 580 590 600 610
Wavelength(nm)

23 3-3. A4 Rh 5909+ Rh 6109 2ANAAE o] &3 #ojA B AWER,
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Intensity(arb. unit)
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L tuning mirror
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7 I 4 feedback mirror
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rear mirror )
mn / feequck mirror
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_ tuning mirror pump Y,
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Potential energy and cross section of Rhodamine 6G dye

Short
Wavelength

Rhodamine 6G

Singigt Absorption

Bolzmann
Distribution,

o5

glet: Emission
Ce
frivlet Absorpron

“ Potential energy (Arb, Units)
- Wavelength(Arb. Units)

fo) + - + -
sC,NH NHGHsCl  (n.C,) N 2 N(C;Hy) ,Cl
H,C CH,
CO,C,H, coH
(a) Rhodamine 6G (b) Rhodamine B
C(CN),
H, c/ CH=CH' N(CH,),
(c) DCM

98 3-10. Rh 590, Rh 6103 DCM #lo]H Mo FA734.
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_Oscillator
Plane—Parallel Cavity (Standing Wave)

Horizontal Moving (x—axis) )
T Incident Angle Control

(Brewster Angle)

APR 3-4, DAM LGS o8 BYAWY FAY) B
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Intensity(arb. units)
- 8888 EE

560 570 580 590 600 610 620
Wavelength(nm)

IF 3-12. BYPFHY 0719 3 A TAAL HolA HEY
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N - Pumpg Beam
Amplifier
Longitudinal Pumping Geometry

Focusing Lens

NZ

T Amplified Output

Ui

Reflecting Mirror\if’}’"\\

Collimation Lens
of Oscillator Output

AR 35 DAMEAL ol §¥ FRY Tao 37| 2L

LI
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partial solid dye cell partial

reflector, grating 4 ‘ grating , reflector

tuning mirror,  tuning mirror

as a role of feedback mirror as a role of rear mirror
for a wavelength A for a wavelength M

238 3-17. F34 FAZAA A, 389 HeojA LR Fx
as a role of rear mirror as a role of feedback mirror
for a wavelength Ay for a wavelength Ay

a3 3-18. T34 FR7|ANA A. FFe "HeolA &R Fx
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Rotable Stage

Step Motor
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Nd:YAG SHG

Solid Dye Cell

a9 3-24. A8 AX=. M1, M2, M3: MR 7E; BS: Beam splitter; CL:

Cylindrical lens

_83_



FH(1) Bt go] Fojik,
Ar=2n,A/N (2)
A7V n e 2R el W@ o|Sude FEEOIT N& a5l th(N-1, 2,
3, .. ). N=12l % 570 nm9] 27 5ol ts) BSsh= Pz Yalzo] &

oomebd A (F 4 e BESI] A N=2 7} HEE g2y

AskA] e )
o Azt xR o W o] 570 nmol skl BE e} Auw
Aatzre ok 413 = AX HAo 2 28 olF Ao g3 A=mE HolA
W gge] AdEHo|w BAl ofR S 4Mqldl A 2L FE AFoR URFS
¢ F Qo
DFDL spectrum
3000 |
2500 |
]
< 2000 |
Xel
& 1500 |
>
7
§ 1000
E L
500 |- ____%Jk_
0 i 1 " ] " L] N 3 3
540 550 560 570 580 590

Wavelength (nm)

29 325 % RE AT 1A A2 dolq AuEY,

)
rlo
s
[>
ofd
o
o
e
N
)
2
b

S F EE AFES o83t 2lolAE T



rCOC(§ n(t))2+(%a(t))2 (3)
A71A e FNAEA 2HEEY FHT HEZFY ZA7|oW v FUAAHLY oF A
wo) WE Az A7t 4 @A & & QFe] B/ BH £Fe A
ZHell wret o)A mjdel SH & do|AY Brybde wet Wty wEd Al
ZHel wet Q o]l ®ete Q A29A o] dojuy o] FAA FE AV}
Gl AT o2 AR BAvt BARE AL AR A U9 Feo &

o] &R Th[63] ©o] & WAHAAME I B2 THL dojA o5 A

o%
o
>
o

Tl oMt ZARET 2 Ao

_%N_[ o, (Nop— » (4)
_dQ (o, nLaa)c N Q_TQC+~Q_T;J! (5)
rc=—@jﬂ—ljic—) [N-(6,—0,) - VI? 6

A AEAd de A dee oS53 2ol 9"

N(t): spatialy averaged density og moecules in the first excited single state
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V: visibility of the interference fringes formed by the pump light

_85_



=

HE fojA e

Ll

&

o] Gaussian °l#tx 7} &

o)

4

ol
;OD

~
Ko

v

N
Ko

- 86 -



| =1x10%/em’s

104 .
Y —Q
--------- N
08 |- |p
k%)
f=
S 061
g
g 04|
o
Zz
02|
0.0 __‘::,;'_':;’_.l-" 1 L ™ g oL
0 10 20 30 40
Time (ns)
(a)
— 4 2
l pm—2x102 Jem’s
10 |-
1 —Q
.......... N
08 |- ; ]
i P
= . ;
.6 |- /
§ /
‘©®
E oal
(o]
e
02+
0.0 bz 1 b T pe
0 10 20 30 40
Time (ns)
(b)
a8 3-26. B Yo mE #Holx &3 B4 (a) BEZ Ayl =7

L-m=1x10*/cm’ ¥

CESIE

2o el Alew

ok

B R

o, (b)EZ A7) 27 prm=2x10*/cm’s & .

2 Gaussian®] oty 23 3-27(a)¢



- 88 -

(CVRECY-Y

(9)

(wuy swi]

ov—

0c—

0c

or

Intensity (arb. units)

4 t0°0

4 00

<4500

a(l104d IndINQO

(®)

(su) suwiL

ot-

0e-

}[VMMWW 000

0z

or

A4

Intensity (arb. units)

o
=4
T

<

Q

R
Y

o

o

&
T

400

go'0

loBTE lols PUNOIBYOR] {5(q)/2-§ BT

a o E2lo kloloh™X

& Sl lo&

1@

ol
lo
i
[

1124
tjo

a2
I



Ay

e F 22X A 1A A4 dolANY Z4 HaAe ule HL F2ol7] wid

Quencher #lo]A] o] &3tH[63] & Mo Bagh LA Fe F2AE o] 8% 4

dol & 5 UTh |

ZEH o2 EATdAE AA AZ3d Rhodamine 6G7F =3 ¥ PMMAE ©]

o] Z X A AL HolAE TAYeY FHEEAE ZAEIAT 1A A

& Az F ZX Ao A F& HE9 HolA £8E de o] 7te
[ S #S EAE IS F USS 24t

_89_



oft
2
it
=
X
rr
%)

Fpd nAALAL)  Ax7)E
PMMAE o]&3% M4 4 sol-gel methodE o843 1A AL Ax7|E
=

ﬁ
Ssgon gest =278 DS YoM 1§84 FYAAE
&)

o
i)
o
Lo
i
B
_?l',
2

_QL
4
4 )y
o
e
!
=
3
ob]
=3
ol
T
e
o
g
1
k
i—";
a2
o8
k-
©
2
i
)
2
_?L
£
uo
e,

j_}.
71 98t 38 nAAAHolA F7 R FEANLEE AFstA 1 Y 54
< AT o] AIARE FAld 37MA e thE A2 HolA Fo] A
o] oA EFEE FAZAFo] FAHATUY display BH22T o] go] 7}
g Holth

%
K
o,
2
9
oo
>
oL
o
olN
=
it
o
g
By
30
i)
=)
A
N2}
[0
t
(i
2

& Alztato] A A A A ol A

£ Aol A5ge 2

_90_



[1. B. H. Soffer and B. B. McFarland, “Continuously tunable
narrow-band organic dye lasers”, Appl. Phys. Lett. 10, 266 (1967).

[2]. O. G. Peterson and B. B. Snavely, "Stimulated emission from
flashlamp-excited organic dyes in polymethyl methacrylate”, Appl.
Phys. Lett. 12, 238 (1968).

(3. D. A. Gromov, K. M. Dyumaev, A. A. Manenkov, A. P.
Maslyukov, G. A. Matyushin, V. S. Nechitailo, and A. M.
Prokhorov, "Efficient plastic-host dye lasers”, ]J. Opt. Soc. Am. B
2, 1028-1031(July 1985).

[4]. F. Salin, G. Le Saux, P. Georges, A. Brun, C. Bagnall and J.
Zarzycki, "Efficient tunable solid-state near 630 nm using
sulforhodamine 640-doped silica gel”, Opt. Lett. 14, 785-787(3 May
1989).

[5]. E. J. A. Pope, M. Asami, and J. D. Mackenzie, "Transparent silica
gel-PMMA composites”, J. Mater. Res. 4, 1018-1026(1989).

[6]. Edward T. Knobbe, Bruce Dunn, Peter D. Fuqua, and Fumito
Nishida, “Laser behavior and photostability characteristics of
organic dye doped silicate gel materials”, Appl. Opt. 29,
2729-2733(20 June 1990).

[7]. Theodore G. Pavlopoulos, Joseph H. Boyer, Mayur Shabh,
Kannappan Thangaraj, and Mou-Ling Soong, “Laser action from
2,6,8-trisubstituted 1,3,5,7-tetramethyl-pyrromethene-BF2 complexes
: partl”, Appl. Opt. 29, 3885-3886(20 September 1990).

[8]. Joseph H. Boyer, Anthony Haag, Mou-Ling Soong, Kannappan
Thangaraj, and Theodore G. Pavlopoulos, "Laser action from
2,6,8-trisubstituted 1,3,5,7-tetramethyl-pyrromethene-BF> complexes
- part2”, Appl. Opt. 30, 3788-3789(20 September 1991).

_91_



(9. K. M. Dyumaev, A. A. Manenkov, A. P. Maslyukov, G. A.
Matyushin, V. S. Nechitalio, and A. M. Prokhorov, "Dyes in
modified polymers: problems of photostability and conversion
efficiency at high intensities”, J. Opt. Soc. Am. B 9,
143-151(January 1992).

[10). D. Lo, J. E. Parris, J. L. Lawless, "Laser and fluorescence
properties of dye-doped sol-gel silica from 400nm to 800nm”, Appl.
Phys. B 56, 385-390(28 Feburary 1993)

[11]. Steven C. Guggenheimer, Joseph H. Boyer, Kannapan Thangaraj,
Mayur Shah, Mou-Ling Soong, and Theodore G. Pavlopoulos,
"Efficient laser action from two cw laser-pumped pyrromethen-BF:
complexes”’, Appl. Opt. 32, 3942-3943(20 July 1993).

[12). A. Tagaya, Y. Koike, T. Kinoshita, E. Nihei, T. Yamamoto, and
K. Sasaki, "Polymer optical fiber amplifier”, Appl. Phys. Lett. 63,
883-834(16 August 1993)

[13]. Robert E. Hermes, Toomas H. Allik, Suresh CHandra, J. Andrew
Hutchinson, "High efficincy pyrromethene doped solid-state dye
lasers”, Apl. Phys. Lett. 63, 877-879(16 August 1993).

[14]. M. L. Ferrer, A. U. Acuna, F. Amat-Guerri, A. Costela, J. M.
Figuera, F. Florido, and R. Sastre, "Proton-transfer lasers from
solid polymetric chains with covalently bound
2-(2'-hydroxyphenylbenzimidazole = groups”, Appl. Opt. 33,
2266-2272(20 April 1994).

[15]. F. J. Duarte, "Solid-state multiple-prism grating dye laser
oscillators”, Appl. Opt. 33, 3857-3360(20 June 1994).

[16]. William P. Partridge, Jr., Normand M. Laurendeau, Charles C.
Johnson and Richard N. Steppel, “Performance pyrromethene 580
and 597 in a commercial ND:YAG-pumped dye-laser system”, Opt.
Lett. 19, 1630-1632(15 October 1994)

[17]. FMicheal Cavana, Patrick Georges, Jean-Francois Perelgritz,

_92_



Alain Brun, Frédéric Chaput, and Jean—Pierre Boilot, "Perylene-
and pyrromethene—-doped xerogol for a pulsed laser”, Appl. Opt. 34,
428-431(20 January 1995)

[18]. Akihiro Tagaya, Yasuhiro Koike, Eisuke Nihei, Shigehiro
Tetamoto, Kazuhito Fujii, Tsuyoshi Yamamoto, and Keisuke
Sasaki, “Basic performance of an organic dye-doped polymer
optical fiber amplifier”, Appl. Opt, 34, 988-992(20 Feburary 1995)

[19]. A. Maslyukov, S. Sokolov, M. Kaivola, K. Nyholm, and S. Popov,
" Solid-state dye laser with modified poly (methyl
methacrylate)-doped active elements”, Appl. Opt. 34, 1516-1518(20
March 1995).

[20]. F. J. Duarte, "Narrow-linewidth oscillators and intracavity
dispersion”, in Tunable Lasers Handbook, F. J. Duarte, Ed.
(Academic, New York, 1995) pp. 9-31.

[21]. F. J. Duarte, "Chap. 5 Dye lasers, in Tunable Lasers Handbook”,
F. J. Duarte, Ed.(Academic, New York, 1995) pp. 167-218.

[22]. F. J. Duarte, "Opportunity beckons for solid-state dye lasers”,
Laser Focus World 31(5), 187-189 (1995).

[23]. F. J. Duarte, "Solid-state dispersive dye laser oscillator: very
compact cavity”, Opt. Commun. 117, 430-484 (15 June 1995).

[24]. F. J. Duarte, "Compact solid-state dye laser oscillators”, in Optics
in 1995, B. Guenther, Guest Editor, Optics and Photonics News
6(12), 33 (1995).

[25]. Mark D. Rahn and Terence A. King, “"Comparison of laser

performance of dye molecules in sol-gel, polycom, ormosil, and
poly (methyl methacrylate) host media”, Appl. Opt. 34, 8260-8271(20
December 1995).

[26]. A. Costela, 1. Garcia-Morenno, J. M. Figuera, F. Amat-Guerri,
and R. Sastre, ”"Soild-state dye lasers based on polymers

incorporateing covalently bounded modified rhodamine 6G”, Appl

_93_



Phys. Lett. 68, 593-595(29 January 1996).

{27). Hiroshi Taniguchi, Masahisa Nishiya, Shinji Tanisaki, and Humio
Inaba "Lasing behavior in a liquid sperical dye laser containing
highly scattering nanopaticles”, Opt. Lett. 21, 263-265(15 Feburary
1996)

[28]. Arnaud Dubois, Michael Canava, Alain Brun, Frédéric Chaput,
and Jean-Pierre Boilot, "Photostability of dye molecules trapped in
solid matrices”, Appl. Opt. 35, 3193-3199(20 June 1996)

[29). Wentao Hu, Hui Ye, Chuangdong Li, Zhonghong Jiang, and
Fuzheng Zhou, "All-solid-state tunable DCM dye laser pumped by
a diode-pumped ND:YAG laser”, Appl. Opt. 36, 579-583(20 January
1997)

[30]. Akihito Tagaya, Shigehiro Teramoto, Eisuke Nihei, Keisuke
Sasaki, and Yasuhiro Koike, "High—-power and high—gain organic
dye-doped polymer optical fiber amplifiers: novel techniques for
preparation and spectral investigation”, Appl. Opt. 36, 572-578(20
January 1997)

[31]. Mario J. Cazeca, XinlLi Jiang, Jayant Kumar, and Sukant K.
Tripathy, "Epoxy matrix for solid-state dye laser applications”,
Appl. Opt. 36, 4965-4968(20 July 1997)

[32]. F. J. Duarte, A. Costela, I. Garcia-Moreno, R. Sastre, J. J.
Ehrlich, T. S. Taylor, "Dispersive solid-state dye laser oscillators”,
Opt. Quantum Electron. 29, 461-472 (1997).

[33]. Mark D. Rahn, Terence A. King, Anthony A. Gorman, and lan
Hamblett, "Photostability enhancement of Pyrromethene 567 and
Perylene Orange in oxygen—free liquid and soild dye lasers”, Appl.
Opt. 36, 5862-5871 (20 August 1997).

[34]. Mohammed Faloss, Michael Canva, Patrick Georges, Alain Brun,
Frédéric Chaput, and Jean-Pierre Boilot, "Toward million of laser

pulses with pyrromethene- and perylene-doped xerogels”, Appl.

_94_



Opt. 36, 6760-6763(20 September 1997).

[35]. F. J. Duarte, "Multiple-prism near—grazing-incidence grating
solid-state dye laser oscillator”, Opt. Laser Technol. 29, 513-516
(1997).

[36]. A. Costela, I. Garcia—-Moreno, J. Barroso, and R. Sastre, "Laser
performance of Coumarin 540A dye molecules in polymeric hodt
media with different viscosities : From liquid solution to solid
polymer matrix”, J. Appl. Phys. 83, 650-660(15 January 1998)

[37]. Mark D. Rahn and Terence A. King, “High-performance
solid-state dye laser based on perylence-orange-doped polycom
glass”, J. Mod. Opt. 45, 1259-1267(1998).

[38]. F. J. Duarte, T. S. Taylor, A. Costela, I. Garcia-Moreno, and R.
Sastre, "Long-—pulse narrow-linewidth dispersive solid-state dye
laser oscillator”, Appl. Opt. 37, 3987-3989 (20 June 1998).

[39]. Hong-kee Law, Teck-Yong Tou, and Seik-Weng Ng,
“Energy-transfer dye laser in solgel silica”, Appl. Opt. 37,
5694-5696,(20 August 1998).

[40]. Sergei Popov, "Dye photodestruction in solid-state dye laser with
a polymeric gain medium”, Appl. Opt. 37, 6449-6455(20 September
1998).

[41]. Kwong-Cheong Yee, Teck-Yong Tou, and Seik-Weng Ng,
"Hot-press molded poly(methyl methacrylate) matrix for solid-state
dye lasers”, Appl. Opt. 37, 6381-6385(20 September 1998).

[42]. D. Lo, S. K. Lam, C. Ye, K. S. Lam, "Narrow linwidth operation
of solid state dye laser based on sol-gel silica”, Opt. Commun. 156,
361-320(15 November 1998).

[43]. Shirn M. Giffin, Tain T. Mckinnie, William J. Wadsworth,

| Anthony D. Woolhouse, Gerald J. Smith, Tim G. Haskell, "Solid
state dye lasers based on 2-hydroxyethyl methacrylate and methyl
methacrylate co-polymers”, Opt. Commun. 161, 163-170(1 March

_95-..



1999).

[44]. William J. Wadswoth, Shirin M. Giffin, lain T. Mckinnie, John C.
Sharpe, Anthony D. Woolhouse, Timothy G. Haskell, and Gerald ]J.
Smith, “Thermal and optical properties of polymer hosts for
solid-state dye lasers”, Appl. Opt. 38, 2504-2509(20 April 1999).

[45]. S. K. Lam, X.-L. Zhu, D. Lo, “Single longitudinal mode lasing
of coumarin-doped sol-gel sillica laser”, Appl. Phys. B 68,
1151-1153(1999).

[46]. Sixin Wu. Congshan Zhu, “All-solid-state UV dye laser pumped
by XeCl laser” , Optical Materials 12, 99-103(1999).

[47]. Raz Gvishi. Ehud Gonen, Yehoshua Kalisky, Stanley Rotman,

“Studies of the spectroscopic behavior of Cr*:LiCAF pumped by
a solid-state dye laser” , Optical Materials 13, 129-133(1999).

[48]. E. Yariv, R. Reisfeld, “Laser properties of pyrromethene dyes in
sol-gel glasses” , Optical Materials 13, 49-54(1999).

[49]. R. Reisfeld, E. Yariv, H. Minti, “New developments in solid
state lasers” , Optical Materials 8, 31-36(1997).

[50]. A. Costela, 1. Garcia-Moreno, H. Tian, J. Su, K. Chen, F.
Amat-Guerri, M. Carrascoso, J. Barroso, R. Sastre, “Internal
photostability of polymeric solid-state dye lasers based on
trichromophoric rhodamine 6G molecules” , Chem. Phy. Lett. 227,
392-398(1997).

[51]. G. Somasundaram, A. Ramalingam, “Gain studies of coumarin
307 dye doped polymer laser” , Optics & Laser Technology 31,
351-358(1999).

[52]. G. Somasundaram, A. Ramalingam, “Gain studies of Rhodamine
6G dye doped polymer laser” , Optics & Laser Technology 31,
351-358(1999).

[53]. Yong Zhang, Minquan Wang, Zhiyu Wang, Guodong Qian,

“Photochemical mechanism of composite solid dye laser medium

_96-



materials” , Materials Letters 40, 175-179(1999).

[54]. Xijao-Lei Zhu, Sio-kuan Lam. Dennis Lo, “Distributed feedback
dye-doped solgel silica lasers” , Appl. Opt. 39, 3104-3107(2000).
[55]. W. J. Wadsworth, I. T. McKinnie, A. D. Woolhouse, T. G.
Haskell, “Efficient distributed feedback solid state dye laser with a

dynamic grating” , Appl. Phys. B 69, 163-165(1999).

[56]. W. Holzer, H. Gartz, T. Schmitt, A. Penzkofer, A. Costela, I
Garcia—Moreno, R. Sastre, F. J. Duarte, “Photo-physical
characterization of rhodamine 6G in a 2-hydroxyethyl-methacrylate
methyl-methacrylate copolymer” , Chem. Phys. 256, 125-136(2000).

[57]. Lili Hu, Zhonghong Jiang, “Laser action in Rhodamine 5G doped
titania—containing ormosils” , Opt. Commun. 148, 275-280(1998).

[58]. Gwon Lim, Do-Kyeong Ko, Hyun Su Kim, Byung Heon Cha,
Jongmin Lee, “Single longitudinal mode operation of a solid-state
dye laser oscillator” , J. Korean Phys. Soc. 37, 783-787(2000).

[59]. REHermes et al. Appl. Phys. Lett. 63, 877(1993).

[60]. M.Canva et al. Apll. Opt. 34, 428(1995).

[61]. C.V.Shank et al. Appl. Phys. Lett. 18, 395(1971)

[62]. Z. Bor et al. IEEE J. Quantum Electron., QE-16, 517(1980).

[63]. Z. Bor and A. Muller, IEEE J. Quantum Electron., QE-22,
1524(1986)

..97...



M A B R F 4

FYPANFRAANZ | AHI|BRTXHE BEEIAUE INIS FA 2=

KAERI/RR-2086/2000

}

-

A rdol A& FeHAE q24d AT R

2
Bit
1t
2,
o
ON

o3
d 97

of
Jn

A

AFAYA R 2AT | L E A3 (A eAE)

A7 ALY AW

Ol FU(FAFE &N LR), ABAMFAZ),
AE0), dA)

2 % A 12 ] utef 7| = ¥ uagd 2001.1
o o} A 97 p. E X AL(0), 15 ) 3 7 297 Cm.

2T | WLEE ABLHAY

/M), AR ),

Fuy BRIMNFFH AXREIA

ATAE7 At Wz

2 d7edMes PMMA % £-A%, ORMOSIL F¢& host

dolA T HAFe FAE HAste]  ol#A Azd .TLZJ]'-‘JL’?J%% °]Eﬂﬁéi Ea=
GYFEEY AL dolA FU/E AR en 4F23 HF 500MHz o o
s 2 & A7 HFE FAVIE AFHsto AVFFEAT TS 24T
b7t dold g A ET 293 B E2EARY FAVNE AFged 1 &
& ZAERGen 7hz 3aAd e LA ek SEVI2 FAAHE 34 ZAML o)A

W Azste] 35 Lol o] FojA G HASAY. EF 1AIES AF%d HA
B AL o)A E Fetd AREZ AFoEN dite £E2 BAFS

&0l FA olFod £ =B FXNE nAFozN HIAA A& g2 AHF
&Hoz Pxgd g EHAIE X FAL FH| JtEEES den
o] ol5uwid g HdF ALY 5 JEE T

FAFIA=

(oo 9])

o
A

TA 24, 537, PMMA, sol-gel, o)A, GdFRZ, 27|93, 2934,
EXAE, 353 EA




BIBLIOGRAPHIC INFORMATION SHEET

Performing Org. Sponsoring Org.

Stamdard Report No. INIS Subject Code
Report No. Report No. ‘

KAERI/RR-2086/2000

Title / Subtitle Development of the plastic solid-dye cell for tunable

solid-state dye lasers and study on its optical properties

Project Manager

and Department
Researcher and

Ko, Do-Kyeong (Quantum Optics Team)

Jongmin Lee(Quantum Optics Team), Byung Heon Cha(")

Department
E.C. Jung("), Hyunsu Kim("), Gwon Lim(")

Publicati Publication

3O | Tacjon | Publisher KAERI Jan. 2001
Place Date
Page 97 p. Ill. & Tab. Yes( o ), No ( ) Size 29.7 Cm.
Note ’00 Institute Basic Project
Classified Open( O ), Restricted( ),

Report Type Research Report
___ Class Document

Sponsoring Org. Contract No.
Abstract (15-20 | we have fabricated solid-state dyes with PMMA and sol-gel

Lines) materials.

We developed single longitudianl mode solid-state dye laser
with the linewidth of less than 500MHz. We have constructed a self-seeded laser
and observed the increase of the output power because of self-seeding effect. We
investigated the operating characteristics of the dualwave laser oscillator and DFDL
with solid-state dyes. And we have constructed the 3-color solid-state dye laser
oscillator and amplifier system and observed 3-color operation. We also improved
the laser oscliiator with disk-type solid-state dye cell which can be translated and
rotated with the help of the two stepping motors. With the help of computer
control, we could constantly changed the illuminated area of the dye cell and,
therefore, were able to achieve long time operation and to use almost the entire
region of the solid-state dye cell

Subject Keywords
(About 10 words)

solid-state dyes, tunable, PMMA, sol-gel, laser, single-longitudinal mode, self-seeding, dual
wave, DFDL, 3-color operation




