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Abstract: We simulate spectro-temporal processes in a nanosecond injection-seeded optical parametric 
oscillator. Our simulations accurately predict the experimental behavior for the frequency chirp, optical 
bandwidth, and spectral purity, including effects that are not readily observed directly. 

 
Pulsed optical parametric oscillators (OPOs) are useful coherent light sources for applications that require broad wave-
length tunability and/or for access to wavelength regions in which there are no suitable lasers.   However, OPOs have 
not reached their commercial potential to replace lasers in many such applications.  This low acceptance may be due to 
several factors, particularly the requirement for high-quality pump lasers, potential optical damage to the nonlinear-
optical (NLO) medium, and the complicated and often unwanted behavior that is associated with the NLO interaction. 
 
Recently, there has been renewed fundamental interest in the spectro-temporal performance of nanosecond-pulsed 
OPOs [1,2].  Effects such as frequency chirp, the breakdown of injection-seeding during the output pulse, and reduced 
backconversion have been observed under various operating conditions.  Such effects offer fresh insight into the internal 
mechanisms at work in an injection-seeded pulsed OPO, thereby enabling us to improve the design and performance of 
such OPOs.  The outcome is a low-chirp OPO system based on a periodically-poled KTiOPO4 crystal in a bow-tie 
cavity locked to the frequency of a narrowband cw laser that injection-seeds the NLO process.  Another feature of the 
OPO system is an optical heterodyne detection system that allows us to monitor instantaneous frequency and control 
frequency chirp in the output.  When pumped at 532 nm by a single-longitudinal-mode pulsed laser, the OPO generates 
pulses of narrowband signal and idler output radiation with nearly Fourier-transform-limited optical bandwidth [1]. 
 
Here we present new computer simulations of our high-performance OPO and compare the results with experimental 
data.  These simulations confirm and help to explain various forms of spectro-temporal dynamics (e.g., the transition 
from single-longitudinal-mode to multi-mode operation, as illustrated in Figure 1) that are observed in this OPO. 
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Figure 1.  Simulations based on the SNLO code 
(http://www.sandia.gov/imrl/X1118/xxtal.htm) of 
signal output pulses from a PPKTP OPO [1] that is 
pumped at RP = 3.5 times its unseeded threshold and 
injection-seeded at a signal wavelength (841.78 nm) 
that is separated from the free-running wavelength 
(841.94 nm). This results in a large phase mismatch 
(Δk = –0.69 cm–1), which in turn causes a transition 
from single-longitudinal-mode to multi-mode 
operation as RP increases. Dotted lines mark 10%-
intensity limits of the OPO output pulse. 

Upper panel: A simulated temporal profile of signal 
output pulse intensity exhibits rapid 'walk-off' 
oscillations [2] that accompany partial seeding.   

Lower panel: Simulated and experimental profiles of 
the instantaneous frequency finst(t) agree well, and 
reflect a deterioration of spectral purity around 20 ns.  
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