Photon / FRED™ New Features
ENGINEERING Version 16.42.1

llluminating Ideas

Introduction

This document contains new features that have been added to the last release (v16.42.1) of FRED.
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Rays and Raytracing

FRED Optimum can now use up to a maximum of 63 threads for multi-threaded raytracing and analysis. Previous
versions could use up to 33 threads. The standard FRED version is unchanged and can use up to a maximum of
4 threads.

The 23! ray limit has been removed. FRED will now trace up to 22 rays.

The ray buffer preference settings have been modified so that the 64-bit version of FRED can store up to 1 billion
rays in RAM at a single time (additional rays beyond this limit are stored in pagefiles on disk). The previous limit
was 250 million rays stored in RAM at a single time. Additionally, the ray buffer preferences dialog now reports
additional information about the total ray counts allocated by the current settings and the total amount of RAM
available on the computer. This additional information makes specifying the ray buffer RAM allocation settings
more convenient.

A new option has been added to scatter importance samples that allows them to be applied only when the scatter
rays being generated meet a scatter ancestry level requirement. This option is useful when a scattering surface
supports multiple scattering paths that are differentiated by their scatter ancestry. For example, suppose that an
analysis is being performed on a telescope baffle and scatter ancestry up to level 2 is of interest. Two importance
sample specifications can be assigned to the surfaces of the telescope baffle. The first importance sample would
apply to scatter ancestry level 1 and generate rays into the hemisphere (i.e. the baffle scatters back into the baffle
assembly). The second importance sample would apply to scatter ancestry level 2 and direct scattered rays into
the aperture of the telescope.

& Importance Sampling Specifications (for Scatter) ? X
Mame: | Default | | Ok |
Description: | | Cancel
Type: |S<zther rays into a given direction ~ | | Help |
Value Description

Angle 50 Semi-Angle (deg) of the solid angle cone

Directio | ( X, Y , £ ) components of direction vector

n 0,0 1

Entity Local Surface Mormal fo ¢ Coordinate system of the direction vector

Other Data

Active [ reverse ray directions Mumber of scatter rays:
Solid angle scale factor: i .

Direction type: | Uniform E

&

Scatter ancestrylgreaber than ~ || 0

Added an option on the importance sample dialog that allows the user to choose how scatter ray directions are
statistically distributed within an importance sample region. Two sampling options are available; Uniform and
Monte-Carlo. The Uniform distribution option uniformly samples the angular region subtended by the importance
sample and the individual scattered ray fluxes are scaled proportionally to the BSDF scatter function for a given
ray direction. Previous versions of FRED used the Uniform option internally as the default behavior. The Monte-
Carlo option statistically biases the individual scattered ray directions according to the BSDF scatter function and
each of the scatter rays is assigned the same flux value (i.e. ray density is highest in the direction of peak
BSDF). The new Monte-Carlo option is most useful when combined with BSDF functions that have narrow peaks
in some preferential direction(s). For BSDF functions that have this preferential direction characteristic (ex.
Harvey-Shack), the Monte-Carlo option can significantly improve the ray sampling statistics of the scatter
distribution functions in their peak directions.
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% Importance Sampling Specifications (for Scatter) ? X

Mame: | Default | | OK |
Description: | | Cancel
Type: |S<3ther raysinto a given direction ~ | | Help |

Value Description

Angle S0 Semi-Angle (deg) of the solid angle cone

Directio | { X, Y, Z ) components of direction vector

n 0,01

Entity Local Surface Normal fo i Coordinate system of the direction vector

Other Data
Active [ ]Reverse ray directions MNumber of scatter rays: | 10 El

Solid angle fractional hole: l:l

Scatter ancestrylgreata than ~ || a E"

Solid angle scale factor:

The 'Read rays from a file and generate dynamically' detailed source specification now accepts a CSV text file

format with nine columns. The columns correspond to a ray's (x,y,z) position, (a,b,c) direction, flux, wavelength,
and optical path length.

The Spatial Field Resynthesis function has been updated to include an explicit overlap factor for adjacent
beamlets, equivalent to the setting in the Coherence tab of a detailed source model. Previous versions of FRED
used an overlap factor of 1.5 and the user had no ability to modify this parameter. Adjusting the overlap factor

allows the user to control the small amplitude modulation that results from the localization of gaussian beamlets
representing the resynthesized field.
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Spatially Resample Field = |

Analysis Surface:  Analysis Surface(s).on dummy decomposition plane
Field Choice
[ Use single component(s) of vector field instead of scalar field

Vector field component(s): X L

Reference Wavefront

Type: Tilted spherical specified as tilt and curvature -

@  Parameters Determined by Fitting

Mumber of guesses: 150

1 User Spedified Parameters
Tilk (%, ', Zh ||:|, 0, 1

Curyature: | 0

Ray Generation

Assodate with entity: System

=1y
Meighbor overlap factor: X1 1.5 ¥
Relative power corofs =t

Display Pre-resampled Field
[] s caloulated
[ with reference wavefront subtracted from phase

Model Loading and Update

Large FRED files saved in this version will now load significantly faster than in previous versions. Additional
information about the state of the document is now saved in the FRED file so that the need for a full document
update cycle upon file load is not required. Note that your file will need to be saved in this version of FRED before
you will see the performance increase. Tessellation of the model in the 3D view will still occur.

Sources have been modified so that the source ray powers do not need to be recalculated each time the source is
created (i.e. when you ask FRED to perform a raytrace). In the new algorithm, power scaling of the source ray
fluxes is calculated only once after the source is modified and is then stored within the document for reuse. Users
should notice a reduced lag time between the raytrace request and the start of the actual raytrace computation for
sources that create a large number of rays.

Diffraction Gratings

Previous versions of FRED only allowed a single diffraction efficiency specification to be applied to a grating that
was independent of the direction of incidence of a ray on the grating surface. In this version of FRED, users can
apply two diffraction efficiency tables (referred to as the "primary” and "secondary" efficiency tables) to account for
the direction of an incident ray relative to the surface normal. When both efficiency tables are active, the primary
efficiency table is used when the ray is propagating in the +Z direction relative to the grating surface and the
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secondary table is used when the ray is propagating in the -Z direction. When only one efficiency table is active,
the behavior is unchanged from previous versions.

.;* (FRED1) Edit Surface: "Surface” l = &= |
| SURFACE | Apetture | Location/Oriertation | Materials | Coating/RayCortrol | Scatter | Visualization | Giue | Grating | Auwiary Data | Modfiers| | OK |
Grating: mdeﬂw: @ pimary (0 secondary :>
’Linear {Evenly spaced linear grating lines) W }
Apply
Value Description Wavelengths | Diffract Orders

Orientation | 0 Angle (deg). 0 deg = along local x-i (microns) i

Freg(lp/mm) | 100 Grating frequency in line-pairs per 0.6328 =1

4 [ 3

Amourt of phase to add per grating line (usually Madulo 2P1)

() None @ Modulo 2P (7 Continuous: number of offset lines 0

A new diffraction grating efficiency type has been added called, "Volume hologram efficiency”, which is an
implementation of Kogelnik's 1969 paper, "Coupled wave theory for thick holographic gratings”. This efficiency
calculation supports polarized rays in both reflection and transmission.

';* (FRED1) Edit Surface: "Surface™

=

™

P
| SURFACE | Aperture | Location/Orientation | Materials | Coating/RayCortrol | Scatter | Visualization | Gue | Grating | Awdiiary Data | Modifiers | oK
Grating: i i i (@) prima () seconda
[Unear (Evenly spaced linear grating lines) VI Valume hologram efficiency -
Apply
Value Description Value Description
Oriegntation ] Angle (deg). 0 deg = along local x- | Thick 0.01 hologram emulgion thickness (system units) HE'P
Freqg(lpimm) | 100 Grating frequency in line-pairs per N 15 average refractive index of the emulzion
delta N 0.001 amplitude variation of refractive index
A i} absorption coefficient of the emulsion (1/sy
delta A 0 amplitude variation of absorption coefficient

Order 0 | signal wave

meaning of diffraction order 0

Order 1 |- none-

x|
| [ meaning of diffraction order 1

wavelen | 0.6328

mean wavelength (microns)

Amourt of phase to add per grating line (usually Madula 2P
) None @ Modulo 2P

() Continuous: number of offset lines 0

Geometry Editing
300 lenses have been added to the Edmund catalog and 27 lenses have been added to the Qioptig/Linos catalog.
The dialog for composite curves has been modified to include 9 additional columns of data that show the (x,y,z)
starting point and ending point for each curve as well as the magnitude of the differences between the ending
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point and starting point between adjacent curves. This allows the user to quickly assess where there is a
misalignment between curves which are intended to be connected end to end in the composite curve.

Curve | Location/Orientation | Visualization | 0K
Logical Parent: |Geometry.curve test.Curves  (Curves not related to a specific object)
MName: Curve 1 Apply
e

Traceable (see also Draw check box on the Visualization tab)
Type: [Compos'rte curve {muttiple connected curves) V]
Curve Forward/Reverse | X mi: Y mi: Z mi: X start Y start Z start Xend Y end Zend -
] curve test.Curves. D Reverse Sense | 0 o o -18.1232802: 176.1159790 : -21.35 18.1232902 | 176.119790 { -21.35 L
1 curve test.Curves. [7] Reverse Sense | -4.21750e-9 | -4.0733%e-8 0 18.1232802 : 176119790 : -21.35 18.9826797 : 176.432582 : -21.35 1
2 curve test.Curves. [ Reverse Sense : 4.4360%e-9 : 4.35879%-8 = 0 16.9826797 | 176.432582 : -21.35 19.7341026 ;| 176.600907 : -21.35
3 curve test.Curves. D Reverse Sense | 9.1850e-10 : 2.38998e-9 | 0 19.7341025 | 176.600907 : -21.35 229985678 | 179.978559  -21.35
4 curve test.Curves. D Reverse Sense | -5653519e-9 | 226050e-8 | 0 229985678 | 179.978559 ; -21.35 231974510 | 183.427823 | -21.35
5 curve test.Curves. [7]Reverse Sense | 2.62059e-9 | 4.25200e-3 0 23.1974510 ; 183.427823 : -21.35 234371374 | 184.441767 : -21.35
L] curve test.Curves. [ Reverse Sense : 0 o o 23.4371374 ;| 184.441787 : -21.35 23.7483253 | 185.164337 : -21.35
7 curve test.Curves. [ Reverse Sense | 1.43199e-9 : 7685999 | 0 23.7483253 | 185.164337 : -21.35 245453272 | 198.986865 | -21.35 i

Raytrace Paths

A new option for redrawing raytrace paths has been added that allows the user to draw every N'th ray along the
path. This option is useful when a raytrace path contains a large number of rays and drawing all rays would
obscure the user's ability to visually assess the path in the 3D view.

Scat Tran | Absorb -
Count Ancestry | First Entity P|:|
""""""" 1 1 0 Optical Sources Plane Wave H
o 1 o 1 1 Optical Sources.Plane Wave . ry.reflecting £
Output Path Summaries 0 0 0 0 1 Optical Sources. Plane Wave : Primary.reflecting o
o 1 o o 1 Optical Sources.Plane Wave | .Image plane.Surface a
Output Path Statistics i} 1 o o 1 Optical Sources.Plane Wave | .Image plane.Surface 1
Qutput Path Report 0 1 0 1 1 Optical Sources.Plane Wave | Tertiary.reflecting <
o o o o 1 Optical Sources.Plane Wave | Tertiary.reflecting k= i
Copy to User-Defined Path List n n n n £l nMir‘ul‘inlrr‘ﬂu Dlana iAlaa Tartiar: raflartinn c
i +
Right Re to sort by that column.
Reord . P fromythis list is allowed.
Abbre Redraw Every MN'th Ray in History... ~Tehsmit
Isol in Highlighted Path
| Help
Hide Row(s)
h— Show Rows
Hide Columns(s)
Show Columns

Raytrace path scripting commands have been modified to allow negative indexing of the event ID numbers. For
example, an event ID of -1 specifies the last event along the path, -2 the next to last, etc. There is no change to
the behavior when supplying zero or a positive event ID number. For example, an event ID of 0 specifies the first
event along the path, 1 is the second event, etc.

3D BSDF Plotting

The Plot Scatter 3D option, accessed by right mouse clicking on a scatter node and selecting "Plot Scatter 3D",
has been updated with additional coordinate system conventions for designating specular directions at which the
BSDF is evaluated. These additional coordinate system options are intended to support anisotropic scatter
models by viewing the scatter functions in 3D for arbitrary specular directions relative to the scatter model
coordinate system.

Script Commands
The following script commands have been added or modified for this release:
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SpatiallyResampleScalarField2

Spatially resample a scalar field with control over the
adjacent beamlet overlap factor.

SpatiallyResampleVectorField2

Spatially resample a vector field with control over the
adjacent beamlet overlap factor.

GetNURBCurveControlPtCount

Retrieve the number of control points in a NURB curve.

GetNURBSurfControlPtCount

Retrieve the number of control points in a NURB
surface.

GetNURBSurfControlPtCount2

Retrieve the number of control points in a NURB
surface using (i,j) control point indexing.

GetNURBSurfControlPt

Retrieve the x,y,z position and weight of a specific
control point from a NURB surface.

SetNURBSurfControlPt

Set the x,y,z position and weight of a specific control
point for a NURB surface.

GetNURBSurfControlPt2

Retrieve the x,y,z position and weight of a specific
control point from a NURB surface using (i,j) indexing.

SetNURBSurfControlPt2

Set the x,y,z position and weight of a specific control
point for a NURB surface using (i,j) indexing.

GetGratingKVector

Retrieve the k-vector and local frequency from a grating
surface at a specific x,y,z position.

SetDiffractEfficiencyVolHOE

Specify the parameters of a primary volume HOE
efficiency specification.

GetDiffractEfficiencyVolHOE

Retrieve the parameters of a primary volume HOE
efficiency specification.
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SetDiffractEfficiencyVolHOESecondary [Specify the parameters of a secondary volume HOE
efficiency specification.

GetDiffractEfficiencyVol[HOESecondary [Retrieve the parameters of a secondary volume HOE
efficiency specification.

SetDiffractEfficiencyTableSecondary Specify the parameters of a secondary simple
efficiency table.

GetDiffractEfficiencyTableSecondary Retrieve the parameters of a secondary simple
efficiency table.

SetDiffractEfficiencyFileSecondary Specifies the parameters of a secondary full efficiency
table.

GetDiffractEfficiencyFileSecondary Retrieves the parameters of a secondary full efficiency
table.

AddCatalogLensReversed IAdds a catalog lens with the ordering of the surfaces

reversed from their definition in the catalog.

PathEvent2 Retrieves all parameters of an event from a raytrace
path with additional information about diffracted orders
(compared to PathEvent).

PathEventlsDiffract Queries a path event to see if it is a diffraction event.

Path Script Commands The path script commands have been modified to use
negative indexing so that the last event is given by
index -1, second to last event is -2, etc.

ImpSampGetScatterLevel Retrieve the scatter ancestry level criteria from an
importance sample specification

ImpSampSetScatterLevel Set the scatter ancestry level criteria for an importance
sample specification
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DeleteSourceDirlthMultiAngle

Deletes an angle specification from a source with ray
direction type, "Multiple source angles (plane waves)"

InsertSourceDirlthMultiAngle

Inserts an angle specification into a source with ray
direction type, "Multiple source angles (plane waves)"

DeleteSourceDirlthMultiPos

Deletes a position specification from a source with ray
direction type, "Multiple source positions"

InsertSourceDirlthMultiPos

Inserts a position specification into a source with ray
direction type, "Multiple source positions"
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