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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

n. 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, CriiSAF,

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
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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.

IE. 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.
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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,
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the advanced countries, such as the United States, recognized the

merits of them and are 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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B . H. Soffer^ B. B.

McFarland°ll ^«B ^-§-^ .3 . AlJEs]&t)-. Polymethylmethacrylate

Rh-6G ^ ^ » ^ 7 > § H jLxfl AOVB1]̂  O|SP1 |^O]1A^ Nd * H ^ ^1 2

i] 1968VI O. G.

Peterson^ B. B. Snavelysfe PMMA°1] Rhodamine q±^ ^ 7 H H Bflo)̂ j -g-

(laser

^}-Efl(triplet state)^14^ ^f^ ^ ( s t imu la t ed

emission)^ 4i^-^^-(quenching)0] #<Hl:Si^"i- JiJl§l-^.^.[2] 1985^1 D. A.

Gromov^ Xanthene ^Ts ^ 4: (Rhodamine 6G chloride, Rhodamine 6G

perchlorate, dye 11B)## MPMMA(Modified PMMA) :s£-*} OJ ̂ (polymer

. MMAdnethyl methacrylate)4 ^1^-i-s] ^^ w]̂ -ofl n)-=.

S.^-(conversion efficiency), efl0!^ £<# ^(laser damage threshold)^

damage resistance)°1 ^"JL ^ i ^ ) ^ - j t ^ ^|^(photobleaching resistance)0]

6.^ ^1°]^ ^ € - S^:(conversion efficiency)0] ^tffe- ^ I

MPMMA(modified PMMA)^ Xanthene 7fl°J°] -^ 4iRhodamine 6G

chloride, Rhodamine 6G perchlorate, dye 11B Q Oxazine-17^: ^A^}^^-^ ^

30/amol/liter^l ^ - ° - i
7^ 20mm x ^ ° ] 10

^ (single shot damage threshold)^ 13J/cm2iLt} feSl^^ ^a^ «i
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conversion efficiency)4 3H*1 4 ^ (life time ; longevity )

2:71 ?tofl til§>^ 20%

Xanthene ^ ^ ^ ^ i ^

density) Dp=4 °d ^ ^g^ °fl^i^l^l ^ 4 ^ : ^ ^ 10% ^ s f

° 1 ^ ^ ^ a f l ^ l f e 0.1J/cm2°ltf. efl°l^ ^ ^ Jl^r^r Rhodamine

i Rhodamine ^7.}$] ^°}£°\] S>]^5)ji S*V cj.^^f| ^ ^-(monomer

composition) °1]S. ^ 1 ^ ^ ! : ^ - .

Jl^l ^ ^ OJ^> # ^ ( h o s t materiaDS.^ SiO27> 3.-#Q

Tetramethoxylane[Si(OCH3)4 ; TMOS] S ^ Teraethoxysilane [Si(OC2H5)4 I

Solgel ^ o ) ] ffj-B}^ ^ 2 ( d r y i n g )

^7} 1985^^11 F. Salini

sulforhodamine 640AS.A-] ^ ^ 4 ^^7l«>fl^fe 20%

Littrow ^^l7]o]]A^j sf^l- 621nm^

E. J. A. Pope^-^ silica gel-PMMA

1990^ Edward T. Knobbed Solgel fJ-^^-S. Rhodamine4 Coumarin

^ih-i- ^ 7 } ^ ORMOSIL(organically modified silicate) JL&z} ^4(polymer

host)# ^ 1 ^ * H # °1 ̂ (optical gain), ^ ] °1^ ^-^1 (laser oscillation)4

^(photostabiUty)* ^ ^ ^ S t f e t f l , ^ ^ ^ ^ a i ^ - ^ ° J 4 l - 4-8-fb ^°fl
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§ H MPMMA1- B J f A £ ^ z]}o]x\ ̂ 4 ig-7]l 3H*i ^Aov ^ ^ °flM4(laser

damage threshold energy)!- ^7}X\ eg
419,10,14,19]

[12,18,30]^. ^

Eastman Kodaks] F. J. Duarte nf-^8: 1994^1^^

SL ^ ^ § 1 - ^ 4 . [15,20,21,22,23,24,32, 35,38]

Manchester tfl^fi] T. A. King z f f PMMAS]- SolgeH

^f^^lIL^ Otago tfl̂ -^1 I. T. McKinnie ZLf-^ PMMA^]

2-hydroxyethyl methacrylateS]- methyl methacrylate^) Hfl̂ -ti|-̂ o]] •d\^\x] ^]}o)

^-o) T&^£ i j i t t 4 5a4.[43,44]

Akihiro Tagaya Jif-^r M-R- ^ ^ ^ 1 1̂ ^ i t ^7l-«H ^ #

^ ^ ^ 4 1 - S-Ji*]-^^^ ^ 3 } ^^rfl«)-oi]A^ D . Lo n f - ^

Coumarin ^ ^ 1 - ̂ 7>^ sol-gel B̂

4.[29,30,41,42,45]
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2 g-

1 *i PMMA

(1) MMA^ ^ ^ ( P o l y m e r i z a t i o n )

JL*||#EH4:(solid-state dye)l- ^l*H?Kr

(organic material)* JL^]s\- °Jx}l-*!(solidified host material^

A &4 . °}?-\^: 3-f f̂lc- ^^-^ri^$\ ^-fi-^^-Ccovalent bond)!-
^#S^-Hi f^af| (polymer)7|-

polymers)^ ^>^- e}^^:-! : ^ « r f e ^ ^ l - l : o l ^^(addition)s)fe-

^ o ) ^ ^ ^ 1 4 . °)s)?): B>-g-4^# ^1-^- e f ^ # ^f" ^-S-4^ (free radical

polymerization process)0]4^- t!:4. °1 ^^v^l 4 ^ ^ : ^^1^-Bfl^^ ^ ^ ^ M

^1^:^14. 4-n- ef4^: ^W-§-(free radical polymerization)^! ^Sfl-H ^

^£]fe ^°Hfe polystylene, poly(methyl methacrylate), poly(vinylacetate)

polyehtylene^^l 5H4.

PMMA(poly(methyl methacrylate))^ MMA51 S.i^^ (Monomer)SJfE;|

^.S. C5H8O2?1 MMA(methyl methacrylate)fe ^^1

s\ at^(monomer)S.^ s f ^ ^ S ^ } ^ n ^ 2-14 ^ 4 .

1000.12g/molol^ ^s\£_ j i ^ 1 lirter = 0.94 kg°14. ^ f e ^

fe- AA Ad l̂ -48°C4 100oC^>14. ^ ^ ^ ^ ( f l a s h point)^ 8°C

n=1.414<>14. °1 ^*fl3 # A ^ ^^°1^11?> 4 ^ ^ ° 1 Siai 3L

*t lO%(Expolsive limit : 12.5%)^ ^--fr^r <>l#
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A &*1# 3. ^ * \ Azo SHI-l-^ll'ISl AIBN(2-2'-Azo-bis-isobutyronitrile)4

•n-7H-«y peroxide(^-^ hydroperoxide)!- 3Lth«rfe 7fl<i<y Benzoyl

Peroxide(Bz2O2)7}- ^ ^ ^ o . S

n ^ 2-24 3 . ^ 2-34 £ 4 .

AffiN Tfl̂ ĵ lfe- ^

isobutyronitrile^f^] &^ ih

AIBN t̂ 2 f^^ l : o l ^^^•Eflfil MMA

. Benzoyl Peroxide e

CO 2 1-

^^1 711 Al^l(initiator)

^5} (dissociation)^ fe- ^^11- ^}-^- s f 4 # 7l]A](free radical initiation) ^

<S31 7llAl(chain initiation)^:741ef3i ? t4 o ) e ^ T M ^ S .

^•1-4 f'^-^-S-^r HA^lfe S t ^ s o ^ s ^ . ^ oj-^ £ ^ Stylene, Ethylene,

Vinyl Chroride, Methyl Methacrylate, Vinyl Esters 1-°] &4. °]l:^r «l

S]-*|-l-#(unsaturated organic corapounds)^^i

44^S ^^€4. °1̂
l-n- ^ 4 ^ ^ 4 (free radical propagation) #^r

in propagation)^:7l]5fjl ^ 4 . n% 2-6^- S.1^ 711̂ 1̂ 71- ^

4 ^ 2R'^LS. ^sfsfJi, o l ^ ^ §F4^ ^ 4 ^ R'°l ° J ^ ^ N-MMA

1-4 n J ^ 1 *flS£ 4-fr 5 f 4 ^ Ri, R2, Ra, , Rn-i, Rn

. MMA

a-carbon atoms)sl ^}^

^ 4 . olnfl CH24 ^^-t- OJ^JL SJcl 4 ^

-§• 4 ^ ° ) ^ ^ ^ - ^ - S n 7flfi] MMA ^ H ^

(growing radical chain) Rn°l ^ 4 . ^ ^ 2-7-^

^ - ^ - i ^ £ ^ - ^ gj.tJ-aV-g-̂  ;*1^fV4. ^0^4 M-MMA

^ t l m 7flŝ  MMA £r*V4 1̂-fi-

(growing radical chain) Rm l̂ ^ 4 . °1
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^( terminat ion of chain reaction)

- 8 ^ MMA S

^ ^ ( F r e e - R a d i c a l Polymerization)^

g-ufl(solvent)^ ^ t # «>7fl £)^c]] o)nj| §0]

^(Polymer casting) ti
o
v^^r 4-§-«>fe 7A°M-

reaction)^ 5 ) ^ , w>-g-o) pfl^. 3 g-5] .0^7)4 i t n ) A>O]O )̂A^ 7)^(bubbles)

MMA

MMA £ t n j ^ d t ^ ^ AIBN4 ^V-g-Al?]^^, s\^ ^y^^ 3-b^v] tfl

200 : 1 (weight

S^i ^ 40°C

(rubber gasket)^

S14.

Stearic Acid(CH3(CH2)i6COOH)^

4 # 3
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c = c
)C=0

o
N C H 3

Methyl Methacrylate(MMA)
2<tJ 2-1. MMA(methyl methacrlylate)^

CH3 CH3

H 3C_ C— N = N _ C—CH3

CN CN

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

2-2. AIBN(2-2'-Azo-bis-isobutyronitrile)^

o o

— C—O — O _ C _

BenzoyI Peroxide
.% 2-3. BenzoyI Peroxide^!
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HbC

1
H3C — C -

1
CN

CH3
1

-N = N-C-CH3
, Jkik- *
*• . . . .»• •-....•* 1

CN
2-2'-azo-bis-isobutyronitrile

(AIBN)

1 Heat

CH3 Electron CH3

-a/*
1

CN

1
N = N + @C—CHs

1
CN

Initiation fragment(free radical)

I
1-feC —C®

I
CN

free radical
2-4. AIBNS] *Kr

fsfe
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o o

— C—0 — O _ C —

Benzoyl Peroxide

Heat

O O

C - O Q + Q O — C—

Initiation fragment(free radical)

1

free radical

1
free radical

n ^ 2-5. Benzoyl Peroxide^

O

I
ii
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N-Radical group Initiation

CH3 Ob
I I

HJC — C— N=N — C - O b
I I

CN CN

I
HiC-C

I
CN

2-2'-azo-bis-isobirtyronitrile (AIBN)
Inintiator

CH, H

CN

2 R o
Radical'

Propagation

/ H, CH, H c

;—c—c— c«

FT» + M

Radical' Monomer(MMA) Radical 1

I I /
C—C—C»

Radical 1

°v

CH3 H CH, H
I I I I /**

HJC - C - C - C C-Ca
I I I I X C = O

CN H C = O H /

'CH,

<tH,

+ M
Monomer(MMA) Radical 2

CHs H CHL
I I II
C-C-C
I I I

H
I

I
CN

/

I I I I
CN H C=O H /°

C = O

c=c
^

Radical 2

M

Monomer(MMA)

CH3 H CH> H CHJ H „ ,
I I I I I I /**

HjC —C—C—C C-C C—C?
I l l I I I Nc=O

CN H C=O H C=O H /
I I O\

CH3

Radical 3

CHJ

I
HiC-C-

I
CN

H CH,
I I

-C—C
I I
H C=O

I
O

C—C

n-1

CHs
I

H3C-C-
I

CN

H CK
I I

•C—C
I I
H C=O

I
O

Radical (n-1)

+ M
Monomer(MMA) Radical n

2-6. MMA N-groupS]
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M-Radical group Initiation

CHb Ofe

I I
HJC — C — N = N — C—CHJ

I I
CN CN

2-2'-azobis-isobutyronitrile (AIBN)
Inintiator

Propagation

CN o

FTO + M

Radical' Monomer(MMA)

Oh
I

H3C-C
I

CN

Radical*

/•MJ i i

i i /
H3C —C—C—C»

Radical 1

CH H

— C — C —
/

CN H /:c=o

c = c
CH3 H CK H

I I II I /**
- C-C- C C-C»

i i i i ; c - o
CN H C=O H /1 °

Radical 1
+ M

Monomer(MMA) Radical 2

CJ-fc H CH, H

I I II I /
HjC — C—C—C C—CO

NI I I I
CN H C=O H

1

N

H \

0 = 0

Radical 2

p\
^C=O

^CH.

CHJH CH, HCH, H

I 1 V II I /**
HiC — C—C- C C— C C—C»

I I I I I I Nc=O
CN H C=O H C=O H /

I I Q
O O N ru

+ M

Monomer(MMA)

AH,

Radical 3

CH.
I

H J C - C -
I

CN

H CH,
I I

-c—c
I I
H C=O

P\
c=c

/

m-1

Radical (m-1)

+ M
Monomer(MMA)

CHi
I

H J C - C -
I

CN

H CH,
I I

•c—c
I I
H C=O

I
O

Radical m

2-7. MMA
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Termination

Crfe
I

H3C-C--C-

CN

H CH,
I I

H 0=0
I
O

Radical n

H J C - C - - C -
I

CN

H CH,
I I

I I
H C=O

m

Radical m

CH,
I

I
CN

H CH,
I I
j-C

I I
H C=O

I
O

n

+
Poylmer n

Chi H
I I

-C-O

O=C H

CHj
I

•C-CH3
I
CN

m

Poylmer m

Poylmer n+ m

2-8. MMA
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^.^.^} PMMA4

2-94

40°C

MMA S

^ l ; MA

MMA £ t H t 10

MMA!: ^

-1- 9O~95°C1
4. o] 4 ^ ^ - ti>4§f^ ^ ^ £ o i^ ^^ l^-^s. ^s}-^^ ^ ^ i 60°C44

^ MMA4 7\^7\ ^ # ^ ^

ft -g-^JL4(Oligomer)S ^

^^|§>7]^ofl 7D4^(AIBN),

4 . °) «fl AJl^fe MMA4 ^s l

^ ^ 4 4 4

^ ^ ^ ^ 4 . £• -a^^^fe- 4 10% ^1^4 ^#°1

MMA -1:5^4 *^-OJl^ 4^1 2-1, 4^1 2-2, 4^12-34 ^ ^ 4°ot4>ll

^°11 ^°J44. ^1-t- 4^1 2-44 £•& ^ ^ f-^-n-4 ̂ "4 (Circulation Water

Bath)4 I" °̂11 ^ i £̂<>1 4 45~50°C4°l7> 4^^- -n"4§H$4. ^^Sf

- 2^34 ?t ^Hfe

n °l^ 44
44 &£

4 PMMA1
4. 444^ -S ^ ^ # ^17^4^ 3L*)1 ̂ ^l^4i(solid-state dye)€°l
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Temp. =85 ~ 95"C
e
 Dv? viscous MMA

Solution

water

ixture

7
lamp

old

V J

Temp. = 48 C for 10 hours

7"

Temp.(°C)

Temp. = 95°C for 2 hours

Temperature Control

2 4 6 8 10
Time(hr)

12

- - , '""7
J s . .

Solid-state PMMA

Removing the mold

2-9.
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2-1.

Tapering
10mm

60mm

2-10.

- 30 -



2-2.

u £5.8 ,

1" ce

2-11.

2" ce
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2-3.
265 mm

R=60 mm

R=8mm

265 mm

30 x 20 mm

Rh-610

Rh-590

DCM

Rh-640

2-12.
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1 (Ciculation Water Bath) ^
PMMA

O]

±0.5°C

§Rr

Specification

Bath

Power

Temperature

Water Control

Dimension

Material

Source
Consumption

Range
Accuracy
Controlle

Sensor

Water

Circulation

Drain Valve

Inside : W450 x D300 x H450 mm

Outside : W700 x D400 x H530 mm
Interior : STS304 1.2t Plate

Exterior : SPCC #1 1.2t Plate
AC 220 V, 60 Hz

Heater 2.8 kW
Room Temp. ~ 95 °C

± 0.5 °C at 50 °C
PID control-Digital Setting Display Type

Pt 100 Q TTD Type
- Magnetic pump & Solenoid Valve

Control

-20 liter/min
- Inlet & Outlet 3/8 inch STS pipe

S. 2-1. 4°oK

(thermocouple K-type)-

2-54 ^

014.

PID

- 33 -



2-4.

2-5.
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' QJHKIEBHL.

- \
•

J •

•'. . \ "."''s: • ' • •}••"
,.,;:.»- ni l , - - " .A . I I 1

2-6.
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Sol-gel glass*

^ l - afl^sl-fe !-*!) ^ a . 3 . 4 ^-711-^(inorganic material)

(solidified host material)^ 4-8-^fe ^ - T - ° 1 4 . T ^ I I - ^ S . * !

l 33°1 -ft-3 (glass)SHfl -B-e|

4-8-

# -§-§-(fusion)Al̂ «}fet-11 o)^ ^^.oU -̂-g-

7> Bfl-f ^ t f

4-8-^

7l#(sol-gel technique)°lJi o]̂ >H §}<̂ i *f|̂

£]fe ^l^l-S.4fe- # ^ -^-s| (sol~gel glass), polycom glass, ORMOSIL

(Organically Modified Silicate)^ ©1 ^14.

7H q-^ 1-^^-^ ^ ^ M

si fe ^ |?H#-€: 7V^^;«ll(hydrolysis)4 4^^-1^-5-(polycondensation

(precursor) si Ai Tetramethoxysilane [Si(0CHs)4;TM0S]2} Tetraethoxysilane

[Si(OC2H5)4;TEOS]^ XiA^ zz. sq«ifl£ ^- f ^ # ^ # ^ 1 S 2-2^1 $14.

TM0S4 TEOS^ =1^ 2-13^^5} ^Vol l ^ H ^ ^ S . S.^ silicon € 4 ^ ^

ofl ^1^71 S ^ <ifl̂ 7l7f ^ ^ - 5 ] ^ $ ! ^ ^3 :o l4 . o|s. ^ofl TMOS^ ^-fofl rfl

§ H ^ ^ ^ ^ ^-^ 2-144 ^°1 TMOS°ll #^r ^7}§H 7V^r^«fl(Hydrolysis)

«V-g-4- °i*-f]i& 4(CH3OH)1-

(Condensation)^ H ^ 2-154

-̂8-*>7fl 5)^ ^ ^ 2-164

^" ^^-(polycondensation reaction)^ o ] ^ ^ ^ ] ^

linear ^ ^ T 2 - ^ , chain ^ ^ T 1 ^ , entangle ^ 4 ^ 2 : , cluster ^

4 colloidal ° ^ ? 5 S ^Sl -^4 . ° l ^ t t ^sf 4 ^ ^ ^ ^ ^ l - ^ [Silicon
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Alkoxide material]^ ^J£, PH

•base catalyst)^ f^HS. 2-3)2}- "#

^ XJ-. <§7l(acid

Physical Properlies of Typical Teiraalkoxysilanes.

Dipole
Name MW bp nD (20°) d (20°) >} (ctsks) Moment Solubility

MeO OMe

Si,

M e O /

Si(OCHj)4

teiramethoxysilane TMOS

ElO OEt\ /
Si

EtO / XOEt
Si(OC,H5)4

tetraethoNysilane TEOS

C,H,O v / O C 3 H ,

Si

152.2 121 1.3688 1.02 5.46 1.71 alcohols

208.3 169 1.3838 0.93 1.63 alcohols

Si(/t-C,H,O)4 264.4 224 1.401 0.916 1.66 1.48 alcohols
teira-n-propoxysi!ane

Si

C,H9O OC4H,

Si(/t-C4H,O)4

ietra-/j-buioxysilane

(MeOGH2CHjO)4Si
teirakis(2-methoxyeihoxy)

silane

320.5

328.4

115

179

1.4126

1.4219

0.899

1.079

2.00

4.9

1.61 alcohols

alcohols

2. 2-2. Tetraalkoxysilane (precursor)%$\ #5] 3 ^ .
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Gel Times and Solution pH for TEOS Systems Employing
Different Catalysts.

Catalyst

HF
HC1
HNOj
H2SO4

HOAc
NH4OH
No catalyst

Concentration
(moi.: TEOS)

0.05
0.05
0.05
0.05
0.05
0.05
.—

Initial pH
of solution

1.90
0.05"
0.05'
0.05*
3.70
9.95
5.00

Gelation
time (h)

12
92

100
106
72

107
1000

5. 2-3.

(sintering)4^°

material)^

%[4.

(amorphous material ; xerogel)-c:

4.
4

^ ^(nanometer particle size)^l S.

PMMAM.

Si4.
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H H H

H — C — H H — C _ C — H

Methane CH4 Ethane C2H6

H H H
I I I

H_C _ H—C _ C _

Methyl CH3- Ethyl C2H5-

H H H

H— C—OH H_C_C_OH

I I I
H H H

Methanol(Methyl Alcohol) Ethanol(Ethyl Alcohol)
CH3OH C2H5OH

CH3 CH3
 C2H5 C2^5

A A Add
o' No
CH3 CH3 C2H5 t 2 H 5

Tetramethoxysilane(TMOS) Tetraethoxysilane(TEOS)

2-13.
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CH3 CH3

+ 4(H2O) _ • H O _ S i _ OH + 4(CH3OH)

n̂ I
OH

H 3

2-14. TMOS^f -§-.

OH OH OH OH

H O _ S i _ OH + H O _ S i _ OH — • H O _ S i _ O—Si— OH + H2

OH

2-15.

OH OH OH

OH OH

O _ S i — O — S i — O H +6Si (OH) 4 •

OH OH

OH OH

HO—Si—OH HO—Si—OH

OH 0 (!) OH

O H — S i — O — S i O S i — O — S i — O H +6(H 2 O)

I I I I
OH O O OH

HO—Si—OH HO—Si—OH

OH OH

=L^ 2-16.
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Sol-gel processing
ooooooo
ooooooo
ooooooo :
O O O O O O O (dissolve)
O O O O O O O

Precursor

Thin Film coating

Sol

D ehydrati on, •
chemical reaction

r«> SSpo

Gelled spheres

Powder

Gel

Rapid Drying

C ab- o-sil
Aerosjl
Ludox

Aerogel

Xerogel

Dense ceramic

2-17.

, TMOS (15

cm3), Methylalcohol (12.5 c m M Formamide (2 cm3)(HNO2S

1- (18.3 cra3) t

«l-ir([H2OMTMOS])^-

60

. °H

£ Cfe 3.9 X10"3 M/liter°

Modified Silicate) ^ ^ r ̂

ORMOSIL^

]^-o.s. Sulforhodamine 640

polystylene ^-iL°fl ^#J1 ̂ ^

SiO2^l «1( dye gram/ SiO2 gram)

, ORMOSIL(ORganically

2-4^ O T T -
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ORMOSIL Molar Dopant
Conc.(M)

gel host ratio dye

TMOS 1 C153 2.0x10""

MMA 1

TMSPM 1

0.04N HCI 3.5

TMOS 1 R6G 5.0x10"4

EG 1

GPTMS 1

0.04N HCI 4.5

TMOS 3 R6G 5.0x10"4

MMA 1.5

EG 3

TMSPM 1.5

GPTMS 3

0.04N HCI 16

TMOS = tetramethoxysilane Si(OCH3)4

MMA =methyl methacrylate CH2CCH3COOCH3

EG = ethylene glycol HOCH2CH2OH

TMSPM = 3-(trimethoxysilyl) propyl methacrylate

Si(OCH3)3(CH2)3OCOCCH2CH3

GPTMS = 3-glycidoxypropyl trimethoxysilane, Si(OCH3)3(CH2)3OCH2CHOCH2

S. 2-4. ORMOSIL M s ] f^.
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Ti(OC4H9)4

1 hr, 25

1 Dye(DCM) Solution

GPTMS

°C

C2H5OH |

15 min, 25 °C

l h r ,

H 2 O |

25 °C

gelling 7 days, 50 °C

Gelled Mass

cut polish

Laser Medium

2-18. DCM q±7\ ^7} 5} ORMOSIL
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^.^(Forced Convection Oven)^14

tn -̂̂ fe- 3 # S
4 fl i- #£<>1M ^ J i 250

150 °Clr 7l§o_S M-l: ^ ±1°C ^ ^ ^ l ^ i

(K-type thermocoupler)# °]-g-§H ^ ^ 1 ^ PID Ho

fe 1130(W)x

jt mmu^mm

2-7.

- 44 -



^ j*M

TEMoo SLE., «J ^ ^ j £ 1.04mrad

He-Ne 1̂ °1 ̂  (Research Electro-Optics, Inc. Model : LHOR-0300)!- A

4 . ^ ^ 3-121- J i ^ , He-Ne 3 H *i UJ^- 2 : ^ 7 ^ 7 1 - 200mm<?l ^Jl^l-

L) o]xt|] ^ S o d4sl fe ^ ] o l ^ y ] ^ ^i

6J71

Spectrophotometer 1- ^1-g-sH

Rhodamine T i l^^ € # £ H

Rhodamine 6G

2-19

He-Ne4 ^1°]^ ^

2-194

yJ ^^)^r # 4 fev$14. t>^^)(Zygo Corp.)!- °

(a)4 (b)^4 i ^ ^ ^ ^ ] 4 ^ ^ 4°14

- 45 -



.a.<y01
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f = 200mm

A,-,

Screen

He-Ne Laser

Commercial
Solid-State Dye

s- .

Manufactured
Solid-State Dye

2-19. He-Ne

- 47 -



Commercial
Solid-State Dye

Manufactured
Solid-State Dye

2-20. Zygo
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3

Bi|O|*|°|

4 1 ^ Littman^ ^ ^SH(SLM) i ^ H

Rhodamine 6G#

Sl Littman^ ^^ l7 ]S ^ E ) ^ } ^ Grooved 24001ines/mm^

Industrial Optics %*})£. u}^°} °^^}s]x= 7-\^

^ 99% o]^-o]cf. -̂ ^171 ^ol^r 6 cmS f̂l-f 47J] ̂ ^5]^ZL, stepping motor

7f - ^ s H Sife rotation stage (Newport^} $] 5Ll 471 series)* °]^-§f^

Nd:YAG efl «>1 ̂  (Quantel BrilliantB $

^ 4^)7}

77200) r̂ ^°) 1/4 meter^]Jl o d 4 # ^ ^ ) ^>^°1 120^^ ̂ , Groove

>°fl ^ t> ^ « D ^ ^ 9= O.lnm ^ £ ° 1 4 . ^ ^ S ^ o ]

fe Photodiode Array Detector £1-(Oriel $*},
77107)1- <>]-§-*}53^ °1^7i] §>ô  4^*1- eflo]7̂  ^^iE.ej^- z i^ 3-24

7>^^}St4. sfl o) z] 2] f £ E

r 2 - r ' 2

•g4 ^ ^ = ^ ^ ^ 5

10 GHz^l4. Efl0!^^ ^ ^ ^ 4

4 ^ ^ = ^ 5 ^ - ^ 5~)ofl 4*1 ^ l^^ i 1 ? ! 4 500 MHz$4 ^ "r $1

2.5GHz7>
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4

6.S. -n-^-Sl-^4. ^ ^ spot sizefe ^r^jMi^ 3 j ^ ^ £

JL ^ ^ i M ^ l l - 0.5~lmJ/pulse -8-*l§}fe ^̂ >1 # 4 .

65] H)o]x] %^ &^ ^5LE,7}
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532-nm Pump Beam

Focusing Lens
f = 200 mm

Solid-State
Output Coupler Dye J

Dye Laser Output

TuningTvlirror

3-1. f ^^ l ! Littman
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3-1. Li
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3-2.
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c
•

"55
c
0

560 570 580 590 600 610 620
Wavelength(nm)

3-2. Littman^

- 54 -



5000
4500
4000

C 3500
3000
2500
2000
1500
1000
500
0

-

Rh610

Rh590

/

I . I . I I . I

550 560 570 580 590 600 610

Wavelength(nm)

3-3. Rh Rh
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3

3*

-50 -40 -30 -20 -10 0 10 20 30 40 50
Time(ns)

3-4.
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Slope Efficiency

0 1 2 3 4 5 6 7
Pump Energy(mJ/pulse)

8

3-5. Li

- 57 -



11 2 ^ Self-seeding^

Self-seeding SlM^fe

12} 5)^5] «3# ^ A ] 7 1 ^ Littman^

l?̂  ^ 0,4.

broadband emission-!: W . o)

, self-seeding ^ ^ ° 1 ^ l ^ ^ ^ l ^ . Self-seeding^-]

t broadband emissiono] &^r seeder

. Self-seeding^l 3H

^ § H self-seeding^ ^ ^ l 7 l ^ # ^

3-6^r self-seeding ^^.7)$] ^ £ 1 ^^*}7] ^,t\<^ seeder

l, broadband emission^ ^^l^l^lfe ^ ^ ^

self-seeding ^ ^ l s ] ^ S # - i r ^ ^ ^ § } ^ zi^ol t} . ^]) $]^& self-seeding

3-34 Qt\. self-seeding

3-7^ self-seeding^

self-seedingl- §}7fl s]

self-seeding Bfl°l*H

3-84
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dve ce11rear mirror J grating

seeder output

tuning mirror pump

rear mirror ye ce grating
feedback mirror

(b)broadband emission
output

pump

dye ce11rear mirror grating
feedback mirror

(c)self-seeding output

tuning mirror pump

3-6. self-seeding
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3-3. self-seeding
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15000

12500

"£ 10000

•2 7500

±T 5000

| 2500

Self-Seeded Output

Broadband Output

550 560 570 580 590 600
Wavelength(nm)

610

3-7. self-seeding^

- 61 -



Step Motor Focusing
Lens

End Mirror

-JTf-

"t ~, ' " r1 Bi; Solid i5| | 'Q , Feedbact
D y e C e " Tuning M i r ro r

Mirror Reflec¥rfa"

\^7?.-2=^.^~Ls

All-Vertical Driving type Mount

'^

Pump Beam

.aser Output ~ ^ Laser Bearii

/ , \

Electonics Componets Table O O O O -r.vor
ON OFF ON OFF

3-8. self-seeding
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Rhodamine 3114 ^ i Rh 590(Rh 6G), Rh 610(Rh B), DCMt-£ ^

532 nm°1M ^ 7 } $14. ^ Rh 590i 3-'Ml ^ f j 3 -94 £ £ £ * H

state)4
tfl7fl nm 3-104

532

i l ? l Poly(methyl methacrylate)

SLM 5~10%

71 #S|

nflg-o^] 51-

1 ^ #

3-114

550 nm ~ 700 nm

4 sfl2

532

^ 1 0

20

nm, 600 nm, 605 ran °114 4 10 nm

^ 3-13^ f1^^

ell °1

590, Rh 610, DCM 3.

A A 565
$14.

.^7-^51 25 cms]

collimation §1-71

47]

15 cm̂  fet
3-14^ 4 # 595 nm ^ ^
tb 5J°14. ^ # £ f e 4 5
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3-6

560 n m i ^ 620
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Potential energy and cross section of Rhodamine 6G dye

c

ffl

.2

1

Rhodamine 6G

'n'plet Absorption
Or

Structural SublevJf Cross sections

Short
Wavelength

.•2

3

I

Long
Wavelength

coordinate populations

3-9. Rh 590

5C2NH

(a) Rhodamine 6G

( HC, ) ,N
5 2 2

(b) Rhodamine B

C(CN)

(c) DCM

3-10. Rh 590, Rh 6104 DCM
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Oscillator
Plane-Parallel Cavity (Standing Wave)

Horizontal Moving (x-axis)
Inpident Angle Control

(Brewster Angle)

/ /
/

Vertical Moving (y-axis)

3-4.
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3000-

2500-

5 2000
JQ

c5 1500

•55 1000

-£ 500 -

560 570 580 590 600 610 620

Wavelength(nm)

3-12.
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Amplifier
Pumc

Longitudinal Pumping Geometry
Focusing Lens

Amplified Output' Laser Beam Collimation

Reflecting Mirror >^'\ -©•'•

Beam

Collimation Lens
of Oscillator Output

Solid Dye Cell Mount

3-13.

3-5.
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IS

30000

25000

20000

•S 15000
3*
|? 10000

*i 5000

A
Amplified Output .' i

i

.' i
Oscillator Output >

560 570 580 590 600 610 620

Wavelength(nm)

3-14.
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R=f30% Lens Oscillator 1

fi-HI
Lens oscillator 2 Amplifier 2 Lens

3-15.

Lens Oscillator3 Amplifier 3

- • Dye Laser 3
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4

3-164 7fls]

3 ^ self-seeding ^#717}

i4e} ^ 7fl°] self-seeding

3-18-I-

o]̂ fl f- 3-17

self-seeding

650 30%~

3-19^ ^ S

12

ajo]

3-6^

fe self-seeding

^ 560 nm ~

3-20^
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partial
reflector

solid dye cell
grating., ^ grating 2

output 2

tuning mirror 1 tuning mirror

3-16.

partial
reflector

pump

as a role of feedback mirror
for a wavelength x

=L^ 3-17.
as a role of rear mirror
for a wavelength

as a role of rear mirror
for a wavelength x

as a role of feedback mirror
for a wavelength x2

3-18.
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Grating^ Output Coupler

3-19. ^

295

Output Coupler

7 rrr

Output Coupler

Tuning Mirror Tuning Mirror

3-20.
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3-6.
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(linear moving)-

rotable staged

a^- 4^ -7}^ "o^^ l^ Littrow

71 ofl Hl«11 ^«fl^°l ^^^14- ^ °1-fi-

^ nfl S j ^ Z ^ H SAfslir efl^l^ ^Jfil ^<=l7f ^ ^ ^ - §•

grazing incidence ^ ^-fofl S l ^ ^ ^ s . ^A>£j^ aj o]

ZL^ 3-23^ ^ ^ 1 - * ] ^ ^ Littrow

3-7^

iLH(AMC-4XI Motor control board)7f t^fl€ PC

3-84 7
E
Vol ^14^)^4.

AMC-4XI Motor control board fe ^^3g s.^f DC AC *]£.

.5.̂ 1 C <2<H ^ i ^ f l l ^ i sl«fl
: f ^ ? i ^ ^ e l # ^ r ^ € , ASICtt

LSI ^(CAMC5M-20YI)# ^-^-^H ^^r ^JH 5LÊ

^=1 Si4. AMC-4XI iLHfe ISA «^i

-f "$•%• US. o g # ^ ^ ^ ^ ^s ]<H S i4 .
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SI

o)

7]
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Linear Moving Stage

Rotation Motor

! LJ

3-21.
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Rotable Stage
Step Motor

J-^3-

3-22. Littrow^

HtT

ratable stage
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o
o.

oc:

Littrow Configuration Cavity
60

3-23. Littrow

- 79 -



3-7.
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3-8. PC
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satf.C59.60]

^ (Distrbuted-Feedback Laser)

Bragg

fe Shank #[61]̂ >1 Rhodamine 6G

^ f i t ^^*f7l tifl̂ o]]

^ i -i-8: ^ 0.5 mM/1 Rhodamine 6G^r PMMA^l

^ 3-244

10 ns € ^ ^ ^ - 7>̂ 1 Nd:YAG

^ ^ i a J ^ r ^ ^ W $n 30 cm S ^ 7-1H]
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Nd:YAG SHG

Output

Solid Dye Cell

n ^ 3-24. ^

Cylindrical lens

Ml, M2, M3: ; BS: Beam splitter; CL:

3-9.
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beam

splitter^ £ Ml, 7}£ M2

2 • sin i
(1)

014. a)

(2)

3, ... ). N=l 570

41.3

N=2

570 nmi

o
540

DFDL spectrum

550 560 570 580

Wavelength (nm)
590

3-25.
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3.71

3.71

Q ^°1 ^*>fe Q ^
si01^14.

^=Ip-ap-iN0-N)-^.N-Q-f/ (4)

oft nr v r, Tf

[N-(Ge~aa)-V]2 (6)
nL ' L X -KT f -. -. \ T/12

( 8 • 7T2 • C)

N(t): spatialy averaged density og moecules in the first excited single state

Q(t): density of distrbuted feedback dye laser(DFDL)

No-' density of dye molecules

Ip(t): spatially averaged pump photon flux per unit area

ap'- absorbtion cross section of pump laser

a a- absorbtion cross section at the lasing wavelength

a e- stimulated emission cross section at the lasing wavelength

r {• fluorescence lifetime

r c: average lifetime of photon

c : light speed

Q'- factor determining that fration of the spontaneous emission which

propagate into the angular and spectral range of the DFDL beam

L: length of the pumped volume

V: visibility of the interference fringes formed by the pump light
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3-26 ^ ^ 5 . « H Gaussian
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1.0 -

1^=1x1 CfVcnrfs

20

Time (ns)

(a)

1

1^=2x1 (fVcnfs

10 20

Time (ns)

30

1.0

0.8

0.6

0.4

0.2

nn

-

t

ij

' . ' : . ' • ; ' • / : . ' • \ - \ , -

\

\

JUIJIAA . x--r

o
N
'P

40

n ^ 3-26. *§

Ip-m=lxl024/cm2s

(b)

# ^ ^$. (a)

Ip-m=2xl024/cm2s

Gaussian^l
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U u

oil

IH

jffi

Intensity (arb. units) Intensity (arb. units)

oo
oo

Flit

n

§ 1

£, o
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Quencher e | ° l ^

Rhodamine 6G7l- £ .33^ PMMA
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PMMA-t ol-g- t̂ 3 - ^ H ^ € , sol-gel method

. Sit!: Littmani!

•i: ^ S } S t 2 . ^ •& ^ ^ ^ ^ l ^ ^>^1 3L*>sl self-seeding

^ dual-wave *§ ^ | l flH

Sit}-. £ •£ 5f^7>^ ^ ^ S ] -̂̂ -jif. display-g-

7l ^B>C^ 3Afl j L ^ ^ i i J f l o l ^ ^-^[71 ^

s)o] e |o i^ ^ ^ j ^ ^ o i ] ^AHV^lfol ^-^£lcf^ display # ^ A S £ ^-g-^1 7>

i%o]7] oj-g-Al^Vs] ^ ^ ^ O
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