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SUMMARY

Plasma diagnostics is very important for plasma control. As Langmuir probe of
classical method is difficult to apply to the high temperature plasma, method of
spectroscopy particle beam in high temperature plasma is employed. Spectroscopy is
a method of plasma diagnostics that measured radiation spectrum emitted from
plasma.

LIF(Laser Induced Fluorescence) plasma diagnostics uses spectroscopy method.
This technique employs a laser (usually a tunable dye laser) to excite a resonance
between a lower and an excited electronic state. Continuously tunable dye lasers
are pumped by N lasers, Nd-YAG lasers, excimer lasers, and flash lamp for pulsed
output. In this study, dye lasers are pumped by Nd-YAG laser which constitutes
the most common tunable pulsed sources.

The most widely used tunable lasers: are dye lasers based on liquid solutions
which can offer wide tuning range and high efficiency. However, due to the 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 system and reservoirs, which requires large quantities of
often flammable and toxic solvent to dissolve dye. So liquid-state dye laser is very
huge and expensive.

Thus a solid-state dye cell was fabricated with PMMA by free radical initiation
process, free radical propagation process, and termination of chain reaction. In
fabrication process, water bath temperature is Kkept constant. Cells of differet
thicknesses, concentration are moulded. The solid-dye laser is very compact, handy,
and versatile. Absorbance measurements were made for the solid-state dye cells
such as LDS 698, DODC Iodide, Oxasine 720, Cresyl Violet, Rhodamine 640, and
DCM. Most dyes show high degree of absorbances. Especially LDS 698, DCM,
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Rhodamine 640 have shown higher absorbance than the others. Various kinds of
solid—dye laser oscillators have been designed and constructed for tuning. The
solid-state dye cell pumped by laser emits a tuned laser. In these experiments,
most of dyes emit the lasers with wavelength of 590-660nm. Rhodamine 640, DCM,
LDS 698, Cresyl Violet emit the lasers whose respective wavelengths are
610-630nm, 590-610nm, 635-660nm, and 635-650nm. The power of solid-state dye
lasers with an oscillator is higher than that without an oscillator. It ranges about
between 0.5mW and 4mW, and the solid-state dye laser’s conversion efficiency is
between 0.25% and 1.43%. Results of pulse measurement for solid-state dye laser
show its band-width of 10ns, and its amplitude of about 4 Volts. LDS 698 deems
appropriate for the LIF plasma diagnostics for H-a line (656.3nm).

The goal of this study is to develop a new tunable laser system for LIF plasma

diagnostics. It could be reached by employing more sophisticated fabrication

technologies of solid-state dye laser.
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Fig. 2-1 Schematic diagram of an apparatus for laser Raman spectroscopy.
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Table 3-1 Data of liquid-state dye cell.

. Absorbtion Lasing )
Dye Pumping Concentration
Solvents Wavelength| Wavelength .
(A=) Laser (mol/liter)
(nm) (nm)
Oxasine
Nd:YAG
720 Ethanol ; 620 671(613~708) 4x10 4
2nd harmonic
(431.87)
Cresyl
) Nd:'YAG
Violet 720 | Methanol ) 594 637(620~660) 2x10 4
2nd harmonic
(361.74)
DODC
) Nd:'YAG
Iodide | Methanol ) 582 648(623~671)|  9x10 ¢
2nd harmonic
(486.45)
DCM Nd:YAG
Methanol ) 481 606(594~630)| 5. 5x10 "4
(303.37) 2nd harmonic :
LDS 698 Nd:YAG
Methanol ) 476 671(693~740)|  9x10 ¢
(378.86) 2nd harmonic
Rhodamine
640 Methanol NEYAG 576 613(605~630) 4
ethano ) ~ <10~
2nd harmonic 3.6x10
(591.05)
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Fig. 3-1 Schematic of a caster for solid-state dye cell fabrication.
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(Solid-state dye)E& A|&st= e Wy o=

material) S LA g}sko] A 2FE A (Solidified host material) & AF-&-3h= 4971 At} o]
23t Aol vra-gAe FFZA(Covalent bond)S ZtE #e Af gt Z(Free
radical) A= 25 E T A (Polymer)7F JAd . o714 #Af oozt §oj= o

£ ARG F 42 olFn 94 #e AAE HojE @ A ol¥ I d= A

fl
0
o
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>
1~>
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o= stg=Eel dHHEE AAS Tkl ofFolXn o] FHA AAL AA Al A
gkl
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THNHEE Foto]l TFAVE @ AL HWIth Raevd 2 FHe] vE EA9 5
Aog Adste Z2FE F dv= sty A2 #x45 I e 0w = CH0:9]
o 5 3 Ex M-S 100.12g/mol°]
Bode 2xe 44 AR -48T ¢
100C ot} A F-2%(flash point)i=
th o] HA ] 54
10%(Expolsive limit : 12.5%)°] & o< w F& A4S 7FAn vk 28A
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it
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rEl
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Fig. 3-2 The thermostat.

Fig. 3-3 MMA polymerization in

a thermostat.
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Fig. 3-4 Fabricating process of solid-state dye cell
by PMMA method.
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Fig. 3-5 Main hardening process of solid-state dye solution.
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2. AA M oMol §Y =A

1) &34 =(Absorbance) 54

% =(Absorbance)= ¥ Wmeta Fdvh §He F4 Spectrums FASE HF
WA AZIE D, 249 F5 S5 FAE 2o AVIE Ik shd

(Absorbance) = log 1o(1,/D °1L,

gl =E] WAl ot og ,(1,/])=ecd

(&0 & FF A5, ¢ =255 & &5 9 74D <t
9 AA EEEs FAE Esee A vdEds & ¢ Atk
Fig. 3-6 Principle of absobance mearement.
2 =EdAE A7 Dye, %, 74 EE AFE A MA dolAE JHAL

Spectrophotometerg ©]-§3te] FFEE FAHSAT. ol A A ol A7E HolA
HAS S gold 7] WjEo g NdYAG #dolA e A 2x3tato] sjdats a3 o

ol &4 Spectrums A& Zo] Fasir)
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A M AL dolA olF AR AHgS] AAME oSude BAE Fom

B Zo @ 7 Holopsin A el abge] os) &40 WA tojef @ A
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%
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Fig. 3-7 Experimental conept of homogeneity by scattering and interference.
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3) Al AMAa oA Wil 54 A I (Tuning 34 %)

A ZHE solid-state dye cell& 7FA 32 Nd:YAG laser®] A|2z%33(532mm)E B
oA = o] &ate] Al AiFelAE sl WHEE 3FS ZAFFATE NdYAG
laser?] ol A= 2mJolar, B #o] A= focal length7} 100mmel #=o A <43}
o F&yd #olAS uA MA e JAIAA LR H ol AE Spectrometerdl A =7
skt

Fig 3-8 Emitting of a solid-state dye laser

4) A AMA golA e v 54 A3 (tuning ¥)
Fig. 3-49 X% & 5 9l%o] Nd:YAG laser?] A2z33H(532nm)ell o&) BP9 1L
A Aol A= IsotropicshAl Al ot 28A FX7]E o] &3t E4kE # o

A e Rof 22 wgow wxsHA & daddo] vk 2Elan spFrpEe] aA M4
dolAE det= el dolArt A8 g = = 9¥= I
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Fig. 3-9 Littman oscillator type of longitudinal pumping.
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Fig. 3-10 Picture of experiments using a pulse-meter.

Fig. 3-11 Emitting pulse measurement of the solid-state dye

laser.
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Fig. 3-12 Emitting pulse measurement of the solid-state dye

laser.
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Fig. 3-13 Concept of solid-state dye cell’s measurment damage.
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Fig. 4-1 Solid-state dye cell that fabricate using a various dyes.
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Table 4-1 Measurement results of each dye’s absorbance at 532nm.

D Concentration Thickness Absorbance
e
Y (mol/liter) (mm) at 532nm
3 9 3.30
DCM Mutagenic 3 5 2.78
5 5 4,02
2 7 2.54
DODC Iodide 2 9 3.83
1 9 0.29
3 7 3.48
3 9 3.83
LDS 698
2 7 1.36
4 7 4,08
3 5 2.24
Rhodamine 640
3 9 4.02
Perchlorate
4 5 3.56
2 5 0.48
Cresyl Violet 670
2 7 3.06
Perchlorate
4 7 2.23
3 7 1.26
Oxasine 720 3 9 3.13
Perchlorate 4 7 1.30
8 7 4,06
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Fig. 4-3 Measurement of DCM's absorbance classified by concentration.
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Fig. 4-4 Measurement of DODC Iodide’s absorbance classifie by

thickness.

Fig. 4-5 Measurement of DODC lodide’s absorbance classified

by concentration.
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Fig. 4-6 Measurement of LDS 698’s absorbance classified by

thickness.

Fig. 4-7 Measurement of LDS 698’'s absorbance classified

by concentration.
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Fig. 4-8 Measurement of Rhodamine 640 Perchlorate’s

absorbance classified by thickness.

Fig. 4-9 Measurement of Rhodamine 640 Perchlorate’s

absorbance classified by concentrations.
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Fig. 4-10 Measurement of Cresyl Violet Perchlorate’s

absorbance classified by thickness.

Fig. 4-11 Measurement of Cresyl Violet Perchlorate’s

absorbance classified by concentration.
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Fig. 4-12 Measurement of Oxasine 720's absorbance classified

by thickness.

Fig. 4-13 Measurement of Oxasine 720's absorbance classified

by concentration.
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>
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2) 4333 S0 o3 uA M celle] FE A AE
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9e UAY Aoz

() TS

(@' N ﬂ._}r cell ik Sl
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{dj 100mum
Dye : Rhodamine 640 Perchlorate

Fig. 4-14 Space distribution after He-Ne laser permeated solid-state

dye cell due to scattering and interference (Rhodamine 640).
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Fig. 4-15 Space distribution after He-Ne laser permeated solid-state

dye cell due to scattering and interference (DODC Iodide).
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3) aA A4 oA W 54 A% (Tuning A)
AZE R 671e] MAE T 7MY £L& AbsorbanceE 7HAlE Aoz #HA
S dlo] WRE =AY ool Wb He] B¥XE 4S5 F Uy o2 A%

Rhodamine 640, DCM, LDS 698, Cresyl Violete] 23S &} 3, Oxasine 720, DODC

)
[

=

Iodide= &3S 1% &4t Oxasined v =7F UF =33, DODC lodidew X7

U stekeh Wzl A ofdlel YEhigic

Fig. 4-16 Lasing spectrum of solid-state dye lasers pumped by
Nd:YAG laser’s 2nd harmonic. (Cresyl Violet Perchlorate).
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Fig. 4-17 Lasing spectrum of solid-state dye lasers pumped by
Nd:YAG laser’s 2nd harmonic. (DCM Mutagenic)

Fig. 4-18 Lasing spectrum of solid-state dye lasers pumped by
Nd:YAG laser’s 2nd harmonic. (LDS 698)
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Rhodamine 540 Farchlorate

E_1h

Fig. 4-19 Lasing spectrum of solid-state dye lasers pumped by
Nd:YAG laser’'s 2nd harmonic. (Rhodamine 640 Perchlorate)

Table. 4-2 Wavelength measurement results at peak of intensity

Rhodamine DCM Cresyl
LDS 698

dye . .
640 Mutagenic Violet

Peakd ufj <]
621.064 601.787 648.727 642.452
wavelength(nm)

4) A A4 o)A #5444 (tuning )
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Fig. 4-20 Emitting spectrum measurement of

Solid-state dye laser.
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Fig. 4-21 Comparison of solid-state dye laser’s characteristics

with and without oscillator (LDS 698).
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Fig. 4-22 Comparison of solid-state dye laser’s characteristics

with and without oscillator (DCM).

Fig. 4-23 Comparison of solid-state dye laser’s characteristics

with and without oscillator(Rhodamine 640 Perchlorate).
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Fig. 4-24 Emitting of a solid-state dye lasers

in a oscillator 1.

Fig. 4-25 Emitting of a solid-state dye lasers in

a oscillator II.
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Fig. 4-26 Emitting pulse measurement of the solid-state

dye laser.
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Fig. 4-27 Pulse measurement of solid-state dye laser by pumping

laser.
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. 4-28 Emitting power measurement of the solid-state dye laser

T AR S] Poser =3
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Fig. 4-29 Power measurement of solid-state dye laser by pumping

laser.
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Table. 4-3 Data of solid-state dye laser’s power measurement.

LDS 698 DCM Rhodamine 640

Pumping | Dye laser | Pumping | Dye laser | Pumping | Dye laser
laser(Input)| (Output) |laser(Input)| (Output) |laser(Input)| (Output)
40mW 0.4mW 40mW 0.ImW 40mW 0.4mW

80mW 0.6mW 80mW 0.4mW 80mW 0.7TmW

120mW 0.9mW 120mW 0.7mW 120mW 1.3mW

160mW 1.ImW 160mW 1.3mW 160mW 1.8mW

200mW 1.3mW 200mW 1.7mW 200mW 2.4mW

240mW 1.8mW 240mW 2.2mW 240mW 2.8mW

280mW 2.5mW 280mW 2.8mW 280mW 4.0mW

Table 4-4 LDS 698 Solid-state dye laser’s power measurement and

efficiency
Pumping
40 80 120 160 200 240 240
laser(Input,mW)
Dye laser
0.4 0.6 0.9 1.1 1.3 1.8 25
(Output,mW)
Efficiency
%) 1.00 0.75 0.75 0.69 0.65 0.75 0.89
(0]

=74 A3 Rhodamine 640°] 714 =& =9
power® BT B eolAol olg wA] MxuolAe] WE AL 0.25%1.43% ol

At

powerE R 1 DCMo| 714 ve &9
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Fig. 4-30 Damaged part of solid-dye cell by pumping laser.
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