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ABSTRACI! 

CW line-tumble C02 laserinduced optogalmnic effects 

w e r e  observed f m  mlecular plasmas excited by the electrode- 

less radio-frequency discharge. 

w e r e  applied to detect laser output spectra and to optimize 

laser output power in c02 discharge plasmas and to masure 

optogalvanic (absorptian) spectra in SF6 and NH3 p lasm.  

O t h e r  applications were  briefly mt ioned .  

me optogalvanic effects 
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768 KIM AND JONES 

I m m I m  
The earlier experirrents for C02 laser-induced opt- 

galvanic effect(=) were carried out  i n  C02 laser tubes 

in external absorption tubes under the s m  experimental 

conditions a s  those i n  C O ~  laser tubes(1). w sizes of 

or 

the absorption tubes w e r e  similar to  those of laser tubes. 

a2 and its mixtures w e r e  excited by IX discharges and 

irradiated w i t h  non-tunable (single-line) C02 lasers. 

CGEs i n  c02 and mixture discharge plasmas have been applied 

to detect laser output p e r  (2-4),  to al ign resonator auto- 

rnti~ally'~) , to stabilize laser f r e q u e n ~ i e s ( ~ - ~ ~ ) ,  and to 

measure vibrational relaxation tims in C02 mlecules . 

The 

(11) 

It  was already sham that by a s imilar i ty  of the side- 

l igh t  spontaneous emissions between RF and Dc discharges, 

physical processes i n  Cf12 and a 2 - N 2  mixture excited by RF 

discharge are the sam as thme by IX 

a lso  found that O2 and mixture mlecules i n  RF discharge 

produce mre electrms and are less dissociated than those 

in IX discharge(13). 

widely used for  high-pressure c02 waveguide lasers 

It was 

RF discharges, therefore, have been 
(14) . 

In this letter, C02 lasex+nduced optogalvanic e f fec ts  

w e r e  observed and applied to detect C02 laser output spectra 

i n  CQ2 plasmas and to  masure optogalvanic(absorption) 
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OPTOGALVANIC DETECTION 769 

spectra fram N20, SFG, and NH3 mlecular plasmas. 

app l i ca t iw  were briefly mtioned.  

mlecules i n  a small optcgalvanic(discharge) tube were excited 

by an electrcdeless RE' discharge and irradiated w i t h  a CW 

line-tunable a2 laser . 

Other 

In these experhts, 

(15) 

EXPERIMENTAL 

Fig. 1 is an expe rh ta l  arrangerrent for o p t o g d l d c  

n-easurerrents in mlecular discharge plasnas. 

XI2 discharge laser(l30 cm long and 2.0 cm in I D )  provided 

a longitudinal mde which has a spacing of about 100 MHz and 

a bandwidth less than 0.5 8. 
1.0 W f r m  a CD2-N2-He mixture was used to eliminate the 

saturation effects. 

rational transition of (OOol - 10°O) was obtained by scanning 

a diffraction grating w i t h  150 line/m blazed a t  6.0 p. The 

single M e  w a s  selected by inserting an iris diaphragn into 

laser cavity. 

chopper w i t h  a frequency of 500 Hz and irradiated througfi an 

optogalvanic tube. This tube was  20 cm in length and 1.0 cm 

i n  I D  and had bm salt(NaC1) B m t e r  w i n d c m .  

A cmventional 

Laser output p e r  less than 

The linetunable XI2 laser from a vib- 

Laser beam w a s  mdulated by a mechanical 

mlecules w e r e  pumped out through the o p t o g a l d c  tube 

by a lwspeed vacutnn p u p  and pressure was mitored with a 
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OPTOGALVANIC DETECTION 771 

mrcury mmter. 
(16) type radic-frequency oscillator with a triode was used 

The RF oscillator consisted of a capacitor of 10 pF and a 

coil  w i t h  1.0 p ( 1 3  turns) and provided a freqwncy of 50 MHz. 

bblecules a t  0.1 - 3.0 torr were easily discharged with input 

pwer less than 1 0  W. 

In order to excite mlecules, a Calpitts- 

. 

Optogalvanic signals were detected by mnitorhg a 

change in voltage across a resistor of 7.8 KQ. 

transmitted throuqh the optcgalvanic tube was masured w i t h  

a power mter of detected with a Hg-Cd-T1 photocmductor 

through a 1/4 m mno-mtor. 

mitted signals were sent into an oscilloscope or a bxk-in 

Anplifier and processed with integrating times less than 

100 m. 

chart recorded. 

Laser beam 

Both optogalvanic and trans- 

The processed signals were recorded on a tm-pen 

RESULTS AND DISCUSSION 

The electrodeless HF discharge not only excited easily 

lm-pressure mlecules but also provided quiet and stable 

(noisefree) p l a s r r ~ ~ .  Therefore, the RF discharge provided 

two-orders of magnitude stronger OG signals than those in M3 

discharge under these experjn-ental conditions. 

By tunning wavelengths of laser with a diffraction 

grating, the line-tunable laser radiation was selectively 
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7 7 2  KIM AND JONES 

( C l  

R-Branch P- Branch 

.g. 2 a2 laser (a) , transmitted(b) 
f r o m  a 2 ( 0 . 5  tom) discharge. Spectra of (c) wr& mqnified 
by a factor of 40. 
and R ( 2 0 ) .  

and optogalvanic (c) spectra 

*s are the corresponding lines, P(20)  

absorbed 

which are linearly proprtional to  laser output signals in 

the investigated laser pmer ranges. 

from mlecular plasms and pruvided CG signals, 

Fig. 2 s h m  a ccmparison between optogalvanic and 

transmitted spectra fran c02 discharge plasma i n  a pressure 

of 0.5 torr  and laser output s m a  masured without gas 

and without discharge i n  optogalvanic tube. 

were discharged with input power of 0.7 W. 

exactly s m  as laser output spectra. 

detected even very low pressures as long as discharge is 

a2 mlecules 

OG spectra w e r e  

The OG sifplals w e r e  
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OPTOGALVANIC D E T E C T I O N  773 
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CO, PARTIAL P R I S S U R E  (Torr) - 

Tig. 3 @togalvanic signals f r o m  CO (0.5 torr) optogalvanic tube 
and laser output power as a &.mction of m2 partial  press- 
i n  laser tube. 

maintained. 

rot obtained in DC discharge because of plasm noise. 

Such OG spectra i n  C02 discharge plasma were 

Fig. 3 shws a strong dependence of CG signals upon 

laser output p a e r  irradiated. Laser output pmer was 

varied by adjusting c02 partial pressures of C02-N2-He 

mixture in laser tube. OG signals i n  optogalvanic tube 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



7 7 4  KIM AND JONES 

increased with increasing laser pmer in laser tube. 

in mlecular p l a s m ,  therefore, could be used to mximize 

or optimize laser output p e r  i n  laser tube. It was 

also found that OG signals increase with increasing disclarge 

input pwr  and phases are reversed a t  higher input p r .  

Negative CG signals a t  an input pwr of 1.0 W w e r e  reversed 

to positive a t  7.0 W. This reverse in phase of OG signals 

w a s  also observed a t  higher pressures, which is similar to 

that i n  Dc discharge. 

CGE 

N20 laser spectra were also detected by O p t o g a l V a n i C  

Several strong OG spectra w e r e  &served from N20 effect.  

discharge plasm in a pressure of 0.75 ton. 

obtained from laver rotational lines of &branch transitions 

i n  10.8 w N 2 0  laser and by higher rotational lines of P- 

branch transit ions in 10.6 wC02 laser. 

exprimmts of OGE in N20 mlecules are underway. 

These were 

bbre detailed 

The OG spectra frcm SF6 discharge plasma w e r e  also 

observed(Fig. 4 )  . 
=re excited w i t h  discharge input p e r  of 5.0 W and irra- 

diated w i t h  laser output pmer of 0.3 W. 

w e r e  masured in strong absorption bands corresponding to  

hot bands of SF6 which are quasi-cantinurn near CO laser 

wavelengths of 10.6 p. 

OGE i n  SF6 rrolecules are found e l s h r e  (17) . 

SF6 mlecules in pressure of 0.1 torr 

S t r a n g  OG signals 

2 

ME observation and discussion of 
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OPTOGALVANIC D E T E C T I O N  775 

I R - Branch P- Branch 

Fig . 4 Optogalvanic(upper) and tranSmitkd(1mer) spectra from 
SF6 (0.1 tom) discharge. 
magnified by a factor of 10. 
lines, P(16)  and R(30). 

CG spectra in €+branch e m  
*s are the corresponding 

Froan NH3 plasma excited with discharge input p e r  of 

16  W, several strang OG signals were  also detected(Fig. 5 ) .  

The OG signals from NH3 of a pressure of 2.0 torr were  

well consistent with strong absorption bands observed 

from a pressure of 760 torr by conventional absorption 

spectrosapy . (18) 

CONCLUSION 

It is believed that this is the f i r s t  observatim of 

opbgalvanic spectra f r a n  discharge plasma which are 
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I 

R-Branch P-Branch 

KIM AND JONES 

Fig. 5 @togalvanic(upper) and transmitted(1ower) spectra from 
M I  (2.0 torr) discharge. *s are the corresponding lines 
P (30) and R(20). 

exactly sarne as laser output spectra. c02 and other 

molecules were  excited with an electrodeless RF discharge 

and irradiated by a CW linetunable cD2 laser. This is 

a strong evidence of an interaction betwen vibratimal 

populations in O2 molecules and electron energy distri- 

butions by irradiation of laser beam ---- a change in 

populations between upper (OOol) and lmer (10OO) vibrational 

states and/or ground state in cD2 mlecules is resulted 
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OPTOGALVANIC DETECTION 7 7 7  

from a change in gas temperature by a resonant absorption 

of laser radiation, thus affecting electron densities. 

These experiruents also suggested tha t  optogalvanic effects  

can be used to detect m1ecula.r spectra in discharge plasmas 

as an infrared detector which is inexpnsive and fast- 

response. 

By observing optogalvanic signals and absorption of 

mlecules simultaneously i n  an optogalvanic tube, h & i d t h s  

in p l a s m  can be calibrated, thus n-easuring gas temperature. 

By controlling discharge current or voltage and then con- 

centrations of ions i n  polyatomic mlecular plasrrras, op- 

galvanic effects  can be applied to isotop separation. 

Tunable lasers i n  infrared regions make it possible to apply 

the optogalvanic effects  to  hi* resolution spectmscopy in 

mlecules . 
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