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ABSTRACT 
 
SNLO is public domain software developed at Sandia Nat. Labs.  It is intended to assist in the selection of the best nonlinear 
crystal for a particular application, and in predicting its performance.  This paper briefly describes its functions and how to 
use them.  Keywords:  optical parametric mixing, optical parametric oscillator, nonlinear crystals, nonlinear optics software 
 

1. INTRODUCTION 
 
The advent of powerful desktop computers has made it possible to automate calculations of the linear and 
nonlinear properties of crystals, and to perform detailed simulations of nonlinear mixing processes in 
crystals.  The purpose of SNLO is to make these calculations available to the public in a free, user-
friendly, windows-based package, with the hope that this will advance the state of the art in applications 
such as optical parametric oscillators/amplifiers (OPO/OPA), optical parametric generation (OPG), 
frequency doublers, etc.  There are three types of functions included in the SNLO menu, shown to the 
right.  The first set help in computing the crystal properties such as phase-matching angles, effective 
nonlinear coefficients, group velocity, and birefringence.  They include functions Ref. Ind., Qmix, Bmix, 
QPM, Opoangles, and GVM.  The second set, functions PW-mix-LP, PW-mix-SP, PW-mix-BB, 2D-
mix-LP, 2D-mix-SP, PW-OPO-LP, PW-OPO-SP, PW-OPO-BB, and 2D-OPO-LP, model the 
performance of nonlinear crystals in various applications, and the third set, Focus, Cavity, and Help, are 
helper functions for designing stable cavities, computing gaussian focus parameters, and displaying help 
text for each of the functions.  The capabilities of select functions are presented below. 
 

2. CRYSTAL PROPERTY CALCULATIONS 
 
2.1 Selecting angle-tuned crystals    
 
The function QMIX is the best starting place for 
selecting a nonlinear crystal for your application.  
When you select a crystal from the list of 40+ 
crystals, the viewing area will display its properties, 
including the transmission range (as a plot if the 
information is available), references for Sellmeier 
data, nonlinear coefficients, damage thresholds, etc.  
Enter the wavelengths for your mixing process and
button to compute information specific to all possibl
processes for the selected crystal at the specified w
figure to the left shows one example.  Note that for bia
the principal planes are allowed in QMIX.  If you are
biaxial crystal’s properties outside the principal planes
them using BMIX.  Further information on crystal prop
in the papers listed in the bibliography ‘Crystals.pd
SNLO.  It references over 600 papers relating to 
crystals. 
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2.2 Selecting quasiphase-matched crystals 
 
The function QPM helps you find the right quasiphase matched poling period for any of the popular quasiphase matchable 
crystals.  It also computes temperature and pump wavelength tuning properties for the crystal.  You can chose the 
polarizations for your processes as well, although the zzz polarization is usually the one of practical interest. 
 
2.3 Selecting  angle-tuned OPO crystals 
 
As shown below, the function Opoangles displays a plot of the signal/idler wavelength versus crystal angle  for a given pump 
wavelength.  It also computes the nonlinear coefficient and the parametric gain versus angle.  Comparing gain over the 
wavelength range of interest between different crystals and phase matching types gives a good indication of relative OPO 
performance.  Note that this function permits noncollinear phase matching.  Clicking on the ‘pump tilt’ edit box displays a 
diagram of the noncollinear angles.  The signal is assumed to remain aligned to the cavity of an OPO, the pump is tilted by a 
fixed angle relative to the signal while the crystal and idler tilt by variable amounts to achieve phase match. 
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Computing a crystal’s linear optical properties   

nction Ref. Ind. can be used to compute refractive indices, group velocities,  group velocity dispersions, and 
gent walk off for a given propagation angle, temperature, and wavelength.  This is useful if you want to make your 
lculations of phase matching, group velocity matching, etc. 

Computing group velocity in angle-tuned crystals 

nction GVM computes the phase matching angles and group velocities for noncollinear phase matching.  The slant 
ter specifies the angle between the pump (bluest) wave’s pulse envelope and its k-vector.  All the pulse envelopes are 
d to have the same orientation so if they are all group velocity matched there is no temporal (longitudinal) walk off, 
re is spatial (lateral) walk off.  For a set of wavelengths and polarizations, the relative group velocities can be varied 
ging the value of the slant.  In many cases it is possible to achieve perfect group velocity matching in this way.  This 
ious application in fs mixing, but it can also be used in mixing broadband light with temporal structure on a fs or ps 

 



 
3. NONLINEAR MIXING MODELS 

 
3.1 Modeling single-pass mixing 
 
The functions with ‘mix’ in their title handle single-pass mixing, as opposed to mixing in an optical cavity.  The functions 
with the ‘PW’ prefix model plane-wave mixing, those with the ‘2D’ prefix include Gaussian spatial profiles with diffraction 
and birefringent walk off.  The plane-wave models run much faster than the ‘2D’ models, so they can be used to arrive at an 
approximate set of conditions that can then be fine tuned with the diffractive models.   
 
The functions with suffix ‘LP’ ignore group velocity effects and are appropriate for monochromatic ns and longer pulses, or 
for monochromatic cw beams.  Functions with suffix ‘SP’ incorporate group velocity effects and are useful for ps and fs 
pulses.  The suffix ‘BB’ indicates that the pulses are long but broadband so there is temporal structure on a time scale short 
enough to require inclusion of group velocity effects.   
 
The figure below shows an example of the function 2D-mix-LP.  Using the input parameters shown on the input form to the 
right, it computes near- and far-field spatial fluence profiles as well as spatial profiles and phase profiles as a function of 
time.  Other computed parameters include spectra, power, and beam parameters focus, tilt, and M2.    

Usually mixing of low power beams involves focused light, ofte
a confocal length set comparable to the crystal length.   The 
function Focus, shown at  the right, is included to help calcula
wavefront curvature at the entrance face of the crystal for
focusing beams. Its output values are automatically updated whe
one of the input parameters is changed.   
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The function PW-mix-BB can be used to 
model optical parametric generation (OPG) 
as a high-gain case of single-pass mixing in 
the plane-wave approximation.  You must 
specify the correct signal and idler energies, 
bandwidths, and mode spacings to simulate 
start-up quantum noise.  The mode spacing 
should be the inverse of the signal/idler pulse 
length.  For example, if you have a 1 ps 
pump pulse, you could use 5 ps signal and 
idler pulses (to allow for temporal walk off) 
and a signal/idler mode spacing of 100 GHz.  
The bandwidth should be set to several times 
the OPO acceptance bandwidth, and the 
pulse energy of the signal and idler should be 
set so there is one photon per mode, ie 
energy = hν×bandwidth÷(mode spacing).  
Because the gain is very high for OPG, the 
number of z integration steps must be quite 
large.  I suggest you start with 100 steps and 
double it until the results converge.  Each run 
will use different start up noise, so 
convergence does not mean identical results 
here.  A good test is to look at both the 
irradiance and spectral plots and make sure 
they are both similar to the previous run with 
fewer integration steps.  The figures above 
show an example of an OPG calculation.  
The parameters are specified in the input 
form on the left and the output time profile is 
shown below. 

  



 
The functions PW-mix-SP and 2D-mix-SP model 
single pass mixing for pulses short enough that group 
velocity effects are important.  The figure below show 
an example for the plane-wave case.  The signal and 
idler pulses are given an input energy and the pump 
pulse is generated in the crystal.  The signal and idler 
pulses separate in time due to group velocity 
differences and reshape due to group velocity 
dispersion.  The slower pump pulse emerges with a 
time delay.  The “movie” button displays the pulses as 
they would appear inside the crystal propagating at 
different velocities and changing strength through 
nonlinear mixing.  In this function as well as most of 
the other functions,  you can specify the energy in any 
of the pulses, there is no assumption of sum-frequency 
mixing or optical parametric gain.  Mixing will proceed 
just as in a real crystal.  If there are three nonzero 
inputs, the direction of energy transfer will depend on 
the relative phase of the three beams. 
 
 
 
 
 



3.2 Model mixing in a cavity (OPO, frequency doubling, etc.) 
 
The functions with ‘OPO’ in their title can model mixing in a 
cavity.  Note that most of these models will handle not only 
OPO’s but any mixing process in a cavity, including 
frequency doubling in a build-up cavity.  Functions with the 
‘PW’ prefix model plane-wave mixing; those with the ‘2D’ 
prefix include Gaussian spatial profiles with diffraction and 
birefringent walk off, and they can accommodate curved 
cavity mirrors.  The functions with suffix ‘LP’ ignore group 
velocity effects and are intended to model ns and longer 
pulses or cw beams.  As an example of diffractive modeling, 
the figure to the right compares 2D-OPO-LP modeling of a 
cw, stable-cavity OPO with experimental measurements by 
Klein et al.1  The only adjustable input parameter is the 
round-trip cavity loss which was not precisely measured.  For 
cw cases the model continues to run and display a number 
indicating the amount of change on the last cavity pass.  You 
terminate the run by pressing the “Stop” button when the 
convergence is satisfactory.  Another example may be found in one of our earlier papers2 in which we compared the 
predictions of 2D-OPO-LP with measurements of a pulsed OPO, obtaining excellent agreement between experiment and 
model, with no adjustable parameters, for a nanosecond, KTP, ring OPO. 
 

The function with the suffix ‘SP’, PW-OPO-SP, 
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incorporates group velocity effects to model OPO’s 
synchronously-pumped by ps or fs pulses. 
 
The suffix ‘BB’ indicates that the pulses are of long 
duration but have a broad bandwidth so there is 
temporal structure on a time scale short enough to 
require the inclusion of group velocity effects.  The 
figure at the left demonstrates the use of PW-OPO-BB 
to study injection seeding of an OPO.  The top plot is 
the signal spectrum of an OPO without seeding.  
Succeeding plots are the signal spectra with increasing 
seed power, demonstrating the spectral collapse to a 
single mode at a seed power of a few nW.  Further 
details are given in ref. 3.   
 
Generally the mixing of low power beams is done in a 
stable cavity formed by focusing mirrrors.  Such 
cavities can be designed using the Cavity function 
which will also help you find the wavefront curvature 
of the input beams at the input mirror, and the cavity 
round-trip phase which must be known to achieve 
exact resonance in the cavity.  This function operates 
much like Focus in that the outputs are updated 
automatically on any change of the input parameters.  
A help plot of the cavity pops up with this function to 
assist in setting the parameters.   
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The function PW-OPO-SP, unlike the other cavity mixing functions, is limited to OPO modeling, and will not handle general 
cavity mixing.  More specifically it is limited to synchronously pumped OPO’s.  The cavity is assumed to be a singly-
resonant ring as diagrammed on the left, with a nonlinear crystal in one leg and a group velocity dispersion compensator in 
the another leg.  A sample input form and resulting output pulses are shown below.  Like other cw modeling, this function 
runs until you are satisfied with the convergence of the output and terminate the run.  
 

 
 
 
The Help function offers a short description of each function along with hints on its use and a list of the output files written 
by each.  One example is displayed here. 
 

 



4. CONCLUSION 
 
All of the modeling functions of SNLO are based on split-step integration methods.  They are state-of-the-art in technique, and 
are all-numerical to cover the widest possible range of applications.  More detail is available in the papers of refs. 2-4.  I have 
carefully validated them against analytical expressions and against each other. SNLO is public domain software written in 
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 programming language.  It may be downloaded free of charge at web site 
://www.sandia.gov/imrl/XWEB1128/xxtal.htm .  We are translating some of the modeling functions of SNLO as well as 
tional related modeling functions into C++.  They are also public domain and will be posted at the same web address as 
 become available.  Only the function PWOPOBB, show here, is currently available.  This function is nearly identical in 
tion to the SNLO function PW-OPO-BB. 
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