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Abstract:  We have created a coherent vacuum ultraviolet light source that operates with ultra-
narrow spectral bandwidth, and MHz repetition rates.  The source is based on efficient gas-
phase, single-sideband frequency-conversion of an infra-red fiber laser. 

The challenges facing the development of short-wavelength coherent light sources are well 
known in the optical community.  An array of technical difficulties and material limitations have 
thus far precluded the demonstration and distribution of reliable coherent light sources with 
photon energies above ~4.5eV.  In this paper, we present a recently-developed hybrid solid-
state/gas-phase 11eV light source that is based on second- and third-order nonlinear frequency 
conversion of an infra-red (IR) fiber laser.  

A conceptual diagram of the source is shown in Fig. 1.  The output of an IR drive laser is 
converted to the UV via two cascaded stages of second harmonic generation in birefringent 
nonlinear crystals.   The UV and IR waves are overlapped spatially and temporally, and 
propagate through a gas-phase medium;  VUV light is generated through four-wave-mixing in 
the gas.  The IR wavelength is further chosen such that the UV wave is two-photon-resonant 
with a dipole non-allowed transition in the gas.  By these means, the peak powers required for 
efficient up-conversion may be reduced to the kW level, and the repetition rate of the overall 
source can be increased to the MHz range.  Further, only a single drive laser is required.  The 
VUV light thereby generated has a frequency equal to the ninth harmonic of the IR drive laser. 

By a fortuitous coincidence, atomic xenon is negatively dispersive for two-photon-resonant, 
sum-frequency generation through the intermediate 6s6p J=2 level.  The negative dispersion both 
permits VUV generation in the traditional tightly-focussed geometry, as well as facilitates phase 
matching using a second, normally-dispersive gas.  

The heart of the 11eV light source is a tunable, nanosecond-pulsed single-frequency IR laser 
operating at 1024 nm.  By another fortuitous coincidence, this wavelength is one that can be 
amplified in Yb-doped amplifiers, and we have implemented a master-oscillator, power- 
amplifier (MOPA) design.  

Figure 1.  Conceptual diagram of the VUV light source. A pulsed, high-power infra-red drive laser 
operating at 1024-nm is frequency-converted to the ultraviolet (256-nm) in two successive stages 
of nonlinear crystals, and then up-converted to the VUV in xenon gas. 
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Figure 2. Variation of VUV power with seed laser wavelength, demonstrating the two-photon 
enhancement.  The smaller peak is due to a small amount of seed light in an adjacent axial mode. 

 
The master oscillator is an electrically-pulsed single-frequency external-cavity diode laser 
(ECDL), the frequency of which may be temperature tuned over a ~100GHz range.  We further 
developed a compact and efficient YDFA that provides average amplified IR powers exceeding 
10W.  From ~10W of IR power, we generate 5W of green light, and 1W of UV light at 256 nm. 
 
Frequency conversion to the VUV occurs in proprietary xenon-filled gas conversion modules, 
which were optimized during the source development program.  In order to measure the amount 
of VUV power generated, a special solar-blind ionization chamber was developed and calibrated.  
Although the fundamental operating characteristics of ion chambers have been known for 
decades, these detectors have not been applied to pulsed laser systems, and an extensive 
characterization procedure was necessary.  This technology has proved to be a versatile and 
reliable detection method.  Variation of VUV power as the IR laser is tuned across the two-
photon resonance is shown in Fig. 2, and a typical short-term stability trace is shown in Fig. 3. 
 
We will describe the operating principles and performance of the 11eV source. 
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Figure 3.  Short-term power stability of the VUV source. 


