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Abstract To gain an in-depth understanding of the thermal effect of the excimer laser on the linewidth narrowing
module (LNM), we investigated the influence of the internal heat accumulated in the module on the output spectrum
of the system. Through theoretical analysis and experimental verification, we consider the uneven distribution of the
refractive index caused by the temperature change of the prism and the influence of different inert gases on the long-
term stability of the output laser spectrum. The results show that the laser interacts with the internal components in
the LNM to increase the temperature of the optical components and broaden the output spectrum. The inert gas
protection system reduces the accumulation of heat inside the LNM through gas flow and maintains the long-term

stability of the output spectrum. The accumulation of heat inside the module has a great influence on the spectral
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purity value, and has little influence on the full width at half maximum. Compared with N,, the refractive index of

He has a smaller change with temperature, which can keep the spectral purity of the output laser spectrum stable for

a long time.
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Table 1  Physical properties of CaF,™"”

Parameter Value
Density /(geem %) 3.18
Refractive index 1.4687(@248 nm
An —10.6X10"°
ar/ (20—40C)
Thermal conductivity /(Wem ™ '*K™") 9.7
Specific heat capacity /(Jeg™"*K™") 0.893
Thermal diffusivity /(cm®s ') 35.6
Melting point /°C 1360
Expansion coefficient /C™" 2.08X10°°
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Fig. 1 Beam propagation path in LNM
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Fig. 2 Temperature distribution of the prism at different moments when the laser interacts with the prism. (a) 1 min;
(b) 10 min; (¢) 30 min
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Fig. 4 Distribution of refractive index of the prism when the laser interacts with the prism in the linewidth narrowing module.

(a) 1 min; (b) 10 min; (c¢) 30 min; (d) distribution of refractive index after the laser interacts with LNM for 30 min when

the display scale is refined
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Table 2 Physical properties of He and N,

Gas  Relractive dn Thermal conductivity /
type index dT (Wem K1)

He 1.000035 —0.09 X10° 0.16@43 °C

N, 1.000315 —0.90 xX10° 0.054@43 °C
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