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The photodissociation of carbon monoxide at 193 nm 
has received great experimental interest in recent years. 1-6 

The resonant excitation of the spin-forbidden 
a 3rr(v' = 2) -x Il', + (v" = 0) transition of CO by the 
ArF excimer laser at 193 nm, followed by absorption of at 
least two additional 193 nm photons, leads to the dissocia­
tive production of C(3 Ip) atoms, which fluoresce at 247.9 
nm to the C(2 IS) state. There are two possible dissocia­
tion channels leading to the production of 3 Ip carbon at­
oms: (a) by a one-photon dissociation of the a 3rr state, 
forming atomic carbon C(2 ID), followed by the resonant 
excitation to the C(3 Ip) state at 193.1 nm or (b) by a 
two-photon dissociation of the a 3rr state whereafter 
C(3 IP) atoms are directly formed. Many studiesl ,2.4.6 fol­
low the pathway according to case (a), where the coinci­
dent overlap of the atomic carbon transition with the ArF 
gain profile is needed to produce 3 I P carbon atoms. 

In this note we want to draw the reader's attention to 
the possible occurrence of an intracavity absorption in the 
discharge cavity of the ArF excimer laser at exactly the C: 
3 Ip_2 ID transition frequency. In our tunable ArF exci­
mer laser (Lambda Physik EMG 150 MSCT) an intra­
cavity absorption prevents laser action around 51 790 
cm -I. The absorption line is as broad as 2.5 to 10 cm - I, 
depending on the quality of the laser filling. Lasing could 
never be achieved at the center frequency. By calibrating 
the laser against NO,7 the center frequency of the absorp­
tion was determined to be 51 789.2±0.2 cm- I

. The ab­
sorption is located near two well-known oxygen resonances 
[02:B3l',;;(v' = 4) - X 3l',;-(v" = 0)P(15) andR(17) 
at 51 783.6 and 51 788.3 cm-1,8 respectively], and has pre­
viously been confused with these. The absorption is clearly 
seen only when the oscillator output is monitored directly, 
e.g., when the laser is used in the so-called amplified oscil­
lator mode. In this mode the unstable resonator optics of 
the amplifier are removed and the oscillator beam is di­
rected in a single pass through the amplifier cavity.7 When 
the laser is used in the standard mode the cessation of laser 
action in the oscillator does not appear in the total output 
energy of the laser, because the amplifier itself delivers 50 
mJ of broadband energy when not injected by sufficient 
oscillator power. In the amplified oscillator mode the 
power drops to zero when no oscillator power is available. 

We believe that the absorption is due to the strong 
3 Ip_2 ID transition of the metastable carbon atom at 
51 789.18 cm- I

. This absorption line has been reported 
before under near lasing conditions of a broadband ArF 

excimer laser.9 The 3 Ip_2 ID transition is one of the 
strongest C atom transitions, with a transition probability 
of 3.7X 108 S-I.IO Several ppb of metastable ID carbon 
atoms in the discharge cavity are therefore enough to de­
feat laser action at this frequency. 

The output power of the tunable ArF excimer laser 
(bandwidth 0.4 cm -I) near the C atom absorption line is 
shown in the upper part of Fig. 1. For this the beam path 
to the detector and the intracavity and extracavity compo­
nents of the laser are flushed with nitrogen to decrease the 
intensity of the oxygen absorption lines. The C atom ab­
sorption is clearly seen in the figure. The O2: B 3l',;;(V' 
= 4) - X 3l',;- (v" = 0) P( 15) and R( 17) transitions are 

indicated in the upper part of the figure. This plot is taken 
with a fresh gas filling. After 3 X 104 laser shots at 10 Hz 
the absorption line appears much broader as is seen in the 
lower part of Fig. 1. The carbon atoms may be formed in 
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FIG. 1. Upper: The output power of the tunable ArF laser near 51 790 
cm - I with a fresh gas filling. The strongest absorption, due to the carbon 
atom 3 I p_ 2 I D transition, has a Iinewidth of 2.6 cm - I. The calculated 
line profile of the 02: B 31:; (v' = 4) _ X 31:g- (v' = 0) P( 15) and 
R (17) absorption lines are indicated in the upper part of the figure. The 
Iinewidth of 3.9 cm - I is determined by the predissociation lifetime of the 
B 31:.-(v' = 4) state. The Iinewidth of the ArF laser is 0.4 cm- I . 

Lower: The output power after 3 X \Q'llaser shots. The absorption line­
width has increased to 8.2 cm -I, due to an increased number of carbon 
atoms. 
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the discharge from impurities in the filling gas or from 
other materials in the discharge tube. The filling gas is 
composed of 90% helium (gas purity 99.99%), which con­
tains several ppm of CO, CO2 and hydrocarbons. In the 
discharge these molecules can dissociate to produce 
C(2 ID) atoms which give rise to the absorption line. Con­
tamination by oil, originating from the rotary pump used 
to evacuate the laser tubes, may be an additional source of 
the metastable C atoms. 

Although not always recognized as such, the strong C 
atom absorption is reflected in excitation spectra measured 
with the tunable excimer laser.3,1l It should be explicitly 
noted that resonant 3 Ip __ 2 ID excitation of metastable 
C(2 1D) atoms is not possible with our tunable excimer 
laser, since there are no ArF laser photons available at the 
transition frequency. 

I J. Bokor, J. Zavelovich, and C. K. Rhodes, J. Chern. Phys. 72, 965 
( 1980). 

lR. C. Sausa, A. J. Alfano, and A. W. Miziolek, Appl. Opt. 26, 3588 
(1987). 

30. Meijer, A. Wodtke, H. SchlUter, P. Andresen, and H. Voges, J. 
Chern. Phys. 89, 2588 (1988). 

·W. T. Hill III, B. P. Turner, H. Lefebvre-Brion, S. Yang, and J. Zhu, J. 
Chern. Phys. 92, 4272 (1990). 
~C. N. Merrow, and B. E. Forch, J. Chern. Phys. 93, 4791 (1990). 
6B. E. Forch and C. N. Merrow, J. Chern. Phys. 95, 3252 (1991). 
7M. Versluis, M. Ebben, M. Drabbels, and J. J. ter Meulen, Appl. Opt. 

(in press). 
8 D. M. Creek and R. W. Nicholls, Proc. R. Soc. London Ser. A 341, 517 

(1975). 
9M. Shirnauchi, T. Miura, and S. Karasawa, J. Chern. Phys. 71, 3538 

(1979). 
10 Handbook o/Chemistry and PhYSics, 60 ed., edited by R. C. Weast and 

M. J. Astle (CRC, Boca Raton, Florida, 1980), p. E-3SS. 
II M. Ebben, M. Versluis, and J. J. ter Meulen, J. Mol. Spectrosc. 149, 329 

(1991). 

J. Chern. Phys., Vol. 96, No.4, 15 February 1992 


