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1. Preparation before use and use conditions
1. Operating environment (supported 0S): Windows 64bit 7,8,10,11 Edition
2 . Status at the time of distribution Included files
Ws_soft —— Wsems e \Wsems.exe, HScrollListbox.dll, Wsbch.exe, Wscnt.exe, Sup.exe®

Wsf.exe, Wsr.exe, Wsb.exe, Afm.exe, Ems.exe
nk.dat, sub.dat

Picture e 1 al.png etc.
Text e Wsb j.txt, wsf j.txt, wsr_j.txt, wsb_e.txt, wsf e.txt, wsr_e.txt
— Install ° vv_n‘ort_runt|me_p_2022.2.0.3790.exe
— Samples —— 220401-cnt&mnt ————e i xz.out, i xz t.out, i xy.out, m xz.out, m xy.out, i far.out
— 220401-wsb e wsb0l.dat~wsbl3.dat
— 220401-wsf o wsfOl.dat~wsfl4.dat
— 220401-wsr e wsrOl.dat~wsrl7.dat

230208-wsf —e wsf 1.dat~wsf 9.dat

230208-wsr —e wsr l.dat~wsr 9.dat

e nk data.xlsx, sub_data.xlsx, nk.dat, sub.dat

o \Vsems.exe shortcut, ReadMe.txt

(note 1) Sup.exe is a file for determining registration, which should be stored in the same folder Wsems as other exe files.

— Comparison—E 230208-wsb—e wsb_ 1.dat~wsb_9.dat

3. Installation Procedure @ X sup X
3.1 Copy the folder Ws_soft to a drive (e.g., drive D). @
3.2 Click on w_ifort_runtime_p_2022.2.0.3790.exe to install the runtime. OMBUEBINOLLL T AR AR SR,

4 . Uninstallation procedure | Unregistered! Can't find LS8-dongle!

Delete the folder Ws_soft.
5 Restriction on use
« |If aregistered USB dongle is connected (or MAC address is registered) and the correspondmg sup. exe is installed in the folder
“Wsems”, calculation starts without any function restrictions.
e If the sup.exe included in the folder “Wsems” does not correspond to the registered USD dongle or registered MAC address, the
message O is displayed for 5 seconds. If the USB dongle is not connected, the message @ is displayed for 5 seconds. Air and two
optical materials limit applies. However, to the extent that use is within the limit, the calculation continues.




2. Input/output and relationships between other software

Stored in the same folder as Wsf.exe

— Input file

[ wsf.dat ] <

(Required) Basic input data

— Subsidiary data ~

[nk.dat ]

External Optical-
constant dispersion data

[sub.dat ]

External Shape Data
\_ /\ J

- J

[ afm.exe J

Converting AFM data
to sub.dat format

|[ crv.exe ]

Converting a spherical
shape to wsf.dat format

| )

Execution file

[ wsf.exe J

Calculating and generating
(overwriting) the output file
in the same folder by clicking.

Output file

(st.out J Basic output data ( wsfl.out

~N

Detected output data
(edited by Wsbch.exe and
visualized by Excel)

Monitoring data for output status

(visualized by Wsmnt.exe)

Far field intensity distribution from
top/bottom surfaces (visualized by
Wscnt.exe)

All-around far-field intensity distribution
(visualized by Excel)

[ mnt.out J

When designated
by CW (kpls=0)

When designated
by kff>0

( 1_far.out

(360far.out\

Outflow from top/bottom surfaces against
elapsed time (visualized by Wsmnt.exe)

Wavelength characteristics of outflow

from top/bottom surfaces (visualized by
Wsmnt.exe)

Output for wdy>0
(yz cross-section)

[ flow_t.out

When designated
by pulse (kpls#0)

[ flow_f.out

Output for
wdx X wdy >0
(xy cross-section)

Output for wdx>0
(xz cross-section)

[ n_xz.out \G_Xy.out ) (n_yz.out Refractive index distribution
m_xz.out |m_xy.out m_yz.out Material number distribution
1_xz_t.out 1_xy_t.out 1|yz t.out Intensity distribution in time series
1_xz.out 1_xy.out 1_yz.out Intensity distribution time average

La_xz.out Aa_xy.out J a_yz.out )absorption distribution time average

[stch.exe]

Editing and performing
continuous calculations

J

\Distribution data on cross-section (visualized by Wscnt.exe)

[Wscnt.exe ]
[Wsmnt.exe]

Visualizing output data




3. Contents of output files

wsf.out : Main calculation results. Step (number of time steps), Distance (propagation length), Stability (stability factor), Region_En (total light amount in analysis region), Input_En (input
light amount), Outflow_B (light amount flowing out from analysis region), B_-x to +z (light amount flowing out from each analysis boundary), Absorbed MO01(light amount
flowing in from all boundaries of specified material 01, i.e., absorbed light amount ),M01_ - x to +z (light amount flowing in from each boundary of specified material 01).

wsfl.out : Extracted calculation results : Transmitted (light amount flowing out from +z boundary surface of the analysis area), Reflected (light amount flowing out from -z boundary
surface), Absorbed (absorbed light amount within the analysis area), Total (sum of previous three), Absorbed MO01(light amount flowing in from all boundaries of specified
material 01, i.e., absorbed light amount ),M01_ - x to +z (light amount flowing in from each boundary of specified material 01).

m_xy.out : xy cross-sectional distribution of material numbers. m_xz.out : xz cross-sectional (y = csy) distribution of material numbers. m_yz.out : yz cross-sectional (x = csx)
distribution of material numbers. m_z045.out : cross-sectional distribution with 45-degrees rotation around z-axis for material numbers. m_z135.out : cross-sectional
distribution with 135-degrees rotation around z-axis for material numbers. These images can be displayed by Wscnt.

n_xy.out : xy cross-sectional distribution of refractive indexes. n_xz.out : xz cross-sectional (y = csy) distribution of refractive indexes. n_yz.out : yz cross-sectional (x = csx) distribution
of refractive indexes. n_z045.out : cross-sectional distribution with 45-degrees rotation around z-axis for refractive indexes. n_z135.out : cross-sectional distribution with 135-
degrees rotation around z-axis for refractive indexes. These images can be displayed by Wscnt.

k_xy.out : xy cross-sectional distribution of extinction coefficients. k_xz.out : xz cross-sectional (y = csy) distribution of extinction coefficients. k_yz.out : yz cross-sectional (x = csx)
distribution of extinction coefficients. k_z045.out : cross-sectional distribution with 45-degrees rotation around z-axis for extinction coefficients. k_z135.out : cross-sectional
distribution with 135-degrees rotation around z-axis for extinction coefficients. These images can be displayed by Wscnt.

i_xy_t.out : xy cross-sectional distributions of light intensity (i. e., magnitude of Poynting vector) at fixed intervals. The results for the light source position and the boundary surfaces
specified by kl are superimposed from the —z side to the +z side at fixed intervals. i_xz_t.out : xz cross-sectional (y=csy) distributions of light intensity at fixed intervals.
i_yz_t.out : yz cross-sectional (x=csx) distributions of light intensity at fixed intervals. i_xy.out : xy cross-sectional time-averaged distributions of light intensity3. The results
for the upper and lower surfaces of each layer are superimposed from the -z side to the +z side. i_xz.out : xz cross-sectional (y=csy) time-averaged distributions of light
intensity. i_yz.out : yz cross-sectional (x=csx) time-averaged distributions of light intensity. i_z045.out : cross-sectional distribution with 45-degrees rotation around z-axis for
light intensity. i_z135.out : cross-sectional distribution with 135-degrees rotation around z-axis for light intensity. These images can be displayed by Wscnt.

a_xy.out : xy cross-sectional time-averaged distributions of absorption. The results for the upper and lower surfaces of each layer are superimposed from the -z side to the +z side.
a_xz.out : xz cross-sectional (y=csy) time-averaged distributions of absorption. a_yz.out : yz cross-sectional (x=csx) time-averaged distributions of absorption. a_z045.out :

cross-sectional distribution with 45-degrees rotation around z-axis for absorption. a_z135.out : cross-sectional distribution with 135-degrees rotation around z-axis for
absorption. These images can be displayed by Wscnt.

i_far.out : Far-field intensity distributions (-z side and +z side in the order). Output for CW oscillation (kpls=0). 360far.out : 360-degree far-field distributions. Output for kff>0 and CW
oscillation (kpls=0). These images can be displayed by pasting the result to Excel.

mnt.out : Distance (propagation Length), Stability (stability factor), Amp_Source (ligt source amplitude), Region_Energy (total light in analysis area), Input_Energy (ligt amount overflowed
from light source layer), Outflow B (light amount flowing out from analysis region), B_-x to +z (light amount flowing out from each analysis boundary), Absorbed MO01(light
amount flowing in from all boundaries of specified material 01, i.e., absorbed light amount ), Inflow M01_ - x to +z (light amount flowing in from each boundary of specified
material 01). flow_t.out : light amplitudes for propagation length at each 6 boundary surfaces for analysis region and materials specifief by ko=1. Output for Pulse oscillation
(kpls>0) when the spectrum box is checked. flow_f.out : Fourier-transform of light amplitudes for propagation length at each 6 boundary surfaces for analysis region and

materials specifief by ko=1. Wavelength characteristics are shown. Output for Pulse oscillation (kpls>0) when the spectrum box is checked. These Images can be displayed with
Wsmnt.exe.

X Fority=0, time-averaged intensity is a magnitude of Poynting vector, for ity=1, an electric and magnetic filed intensity, for ity=2, an electric filed intensity, and for ity=3, a
magneticfiled intensity.




4. Execution method Among the three methods, we strongly recommend (1) because it
allows setting numerical data without worrying about input rules.

(1) Method by using wsems.exe (most recommended). In detail, see “How to use Wsems”.

(2) Method by clicking wsb.exe directly
Wsems —— Wsf.exe, Rename, overwrite,
_[ Samples —220401-wsf —

and click Wsf.exe
(3) Method using wsbch.exe (steps @ to @ below)

The vertical alignment of wsf.dat is easier to be edited if the font is set
to Courier New in Notepad. However, note that it is not possible to
distinguish between full-width and half-width spaces.

@ Uncheck the box File list box
File pattern
| B wst / Wsems @ Click the Run button - U
M L ——P wefl5 da ; [Ha— | O
Now em(KB) ap(s) R Er:::ss Tl | D4 BUa—L] =l |
L wefl7 dat Y D¥
Max fix 0 wzf(8dat 5 We_soft
| Lt b o oy |[=he ‘
| Lng Beep Run | Pth Replace || Skip ITfV/| - Sc%led;]eg_ < “_l— Tcut mz”%ﬂ::
f <[ Omim Exit Clip J | ﬂﬂﬂ 1-1225-36 = 174
| E Stop | <= Select 1::1 (l? (113 (114 Add |ﬂ Sla v ee ol T —
| Automatlca”y Adm I I | ¥ [wafout stflnut Ii_xznut Ii_xynut Ii_farnut Im_xznu% Automatha”y COpled
| o & A BT = P—— r P = a [3 T f C g .
' o01 SUBQ—QQEd by C Jsfuidat ) | \\ | | x [wsfiiota  [wsfliotb  [wefiiotc  [wsfliotd  [wsfOiste  [wsfOlotf  [wsfliste after calculations are
[ 002 [D¥Ws_soft¥Samples¥? ﬁb—p;ératlon @ wemdat/| | | | * |wsf02ma |wsf02mb |wsf02mc |wsf02md |wsf02me |wsf02mf |wsf02mg T Completed
@ After clicking the box and selecting @ At first, write directly such like “wsf.dat” after clicking
the file pattern, select the wsf.exe and the boxes of A or a - g. After the second time, they are

wsr01.dat files from the file list. automatically listed.



5. Method of drawing calculation results

During the calculation, wscnt
and wsmnt in the same
folder start in linkage with
the execution of wsf.exe, and
the calculation results of

| _xz_t.out ori_ yz t.out are
displayed in real time.

After calculation, output data
generated in ¥Ws_soft¥Wsems
can be visualized by wscnt.exe
in the steps O~®. If registered,
limitation of file patterns is
removed and “ot?” files
generated by wsbch can also
be visualized.

@Click Draw button
to start drawing.
®Click » button to
advance frame.

File list box

File pattern

(DAfter click the box, select
a file pattern, and choose
the file from the file list box.
@ To add a structure line,
check the checkbox and
click the box on the right
and select the file from the
file list box.

® Click on the box and type
in directly.

A

]

. Wsf_cnt
Draw » Path Print =10
os m 91 [10 7% Exit Copy Replica
Bird's eye  Ster P P max 5 150e-1
— 0 Fine Sum  0.000e+00 min  0.000e+0
= 100 Max 5.150e-01 [] Fix %
— 0 Min 0.000e+00 [] Fix
M Levelline | 7 % - | [ BUa-L) < ( N\
O without coler ® |:|. 5 0¥ O . 5
[ Cont-axis Log* 1 o ..
[¥] U/D_Reverse o D.
[0 R/L_Reverse |:|. N i‘::
[¥] Height meter O .; Q
uation line DD. © OO b
[l Gradient O D. I % -
a_xzout N
Width Amp O Nxzout \
is 3.0000% 10 ixz_tdout N
—_— )@ *aout N\ || mxzout
y-axis 1300 X O vat mnt put
—= oto
Picture 1 o0a(| T )L -0.5 -
i > *
size O *otd waf 1 out 5
[ Restricted view * otd
Label 244 Numb 17 /2| Meter 132 Structure line
Pt ||@P| o | Level width color
eular - tia v a2 [2l[Black <
> Calllsl _ _ Nne
Ao 15 10 0
ALtz soft¥iizems¥m xz 0 >x 1
w—anis \ o5  on |1 ks
|R'3ﬂ V| ¥ /\Z—axiy Mos 00 1
Title Cent Unit Sift Deci
|B| D¥is_soft¥iizems¥ixy tdaut >x 1
E De¥is_zoft¥ilicema¥m oy out > o* 1
Sync o ¥—axis Oson on 02
|R‘3€'l V| ¥ y=axis Oso0 o0 02
] >x 1
E »x 1
Syne x—axis Osun on z
|RWl V| ¥ y—axis Oson oo 02




6. Input rules for input file (wsf09.dat)

Numeric data input rules

e Input numbers must be one-byte numbers. A space is a half-width
space, and Tab code is not acceptable.

e The right end of the input numerals should be aligned with the vertical
line on the right end of the variable label (or the * mark) above.

« The number without a decimal point is an integer type, and that with a

The following pages can be ignored when using Wsems.

decimal point (5 or less digits) is a real number type. @ * ks‘g" ks‘;g }g
#k wsf. dat ) ) )
@ * kstp kskp Ip clp/(0,1) ern[(<1.0) kfl kot ity Full-width digit. A full-width space is contained.
0 10 10 11 0. 89 0 0 0 o de‘(um) wdy(am) dxy(um)
* kpls tw(um)  kdip kdr|(0-2) dnt|(um)  ndl nd2 @ 1. 500 1. 500 0. 020
0 0.1 0 0 0 10.0 10 Examples of incorrect input. Yal
* ksct 1x ly 1z . . .
0 20 20 20 The right edge of the input number deviates
* kff nff thf|(deg) fif|(deg) krm nrm rml (um)  rm2 (um) from the right of the variable label above.
0 90|  -180.0 0.0 0 100 0.92 0.96
* wdx[(um)  wdy|(um) |  dxy|(um) dz|(um) * krr‘ *L Nam(j k an
@ 3.0 0.0 0.01 0. 01 @ 1 Ta205 1.3 1
% Lam|(um) th/(deg)  fi|(deg)  gm|(deg) f
0. 94 0.0 0.0 0.0 Integer type is put into real number type.
* wx0((um) — wyO|(um)  xrm/(rim) yrm(rim) sxO/(um)  syOl(um)  kpx kpy Beyond the 8-column range.  Real number type is put into integer type.
2.5 2.5 0.0 0.0 0.0 0.0 0 0
% stx|(um) sty|(um)  csx|(um) csy|(um) * kbl ki knl kp Kl «
0.5 0.0 0.0 0.0 4 T o 0. 40 0
@ * km % Name| ko an ab ak @ 9 o o o 0. 50 1 0
1 Ta205 1 1.0000 0.00/  0.0000 4 o d o 010 1
p “AI 1 2.0000 0.00/  0.0000 4 d d o osol 4 o
* ki * kd|  kt psl(deg)  px|(um) py|(um) wx|(um) wy (um) sx((um) sy|(um) X ) V\
1# 0 4 0.0 1.50 1.50 0. 500 0. 50 0.00 0. 00 0. The right edge of the input number deviates
* ki km| kr|kd| kt ps/(deg)  px|(um) py|(um) wx|(um) wy|(um) sx/(um) sy|(um) X Xq f L. fthe * k ab
1 1| o o 2 0.0 0. 00 0. 00 0. 50 0. 50 0. 000 0. 00 0 0.0 rom position of the * mark above.
P 2 0 0l -2 0.0 0. 00 0. 00 0. 60 0. 60 0. 000 0. 00 1 0.0
@ 1 0 0.40f 0| 0
p 0 0.50, 1 o0
3 0 0.10 1 2 . . .
4 0 0. 50 1 0 * kbl k1l km kp t kAl
11 o0 o o 0.400 4 0
§ 8 8 8 8: ?8 } (2) To interrupt a calculation in the middle of layers,
@ insert a line leading "C*“ at the interruption position.
4 o o o 0.50 1 0




Sequential numbers
must be assigned
from 1 (no more
than 4 digits)

Compute time

7 . Contents Of WSf- dat (WSfO 1 . dat) ’ @ ( kstp =0: Calculations continue until the determined propagation distance dnt. )
=1: Calculations terminate when the stability factor stably falls below 0.001.
kskp Number of skips when light intensity is output to i_*_t.out. The larger the number, the
** wsf. dat faster the calculations, but the coarser the single frame advance.
[ * kstp kskp 1p c(Lp,(O, 1)  crn/(<1.0) k?L kot ity Ip Number of layers of absorbing boundary PML. The smaller the number, the faster
0 10 10 00 0.99 0) 0 0 the calculations, the larger the reflection from the boundaries.
* kpls twl(um)  kdip kdr((0-2) dnt((um)  ndI nd2 clp  Boundary conditions of x and y surfaces, where 1st digit is for x-direction and 2nd
0 L0 0 0 0 4.0 10 -3 digit is for y-direction. =0:PML, =1:PBC.
* kSCS }(’; }g }(Z) crn Courant index,i.e., time ratio to Courant criterion. Normally about 0.99, smaller
o utf ke fiflded k| omm i oG | o G00U0S)fordispersed materialtosuppressdivergence i calculatons
0 90 0.0 0.0 0 100 0.92 0.96 Lo . . . Lo .
% wix(um)  wdyum)  dxy|(um) dz (um) kot Dlst_rlbutlons such as |qt9_n5|ty, absorption, and refractive index are output in a
3.0 0.0 0.01 0.01 L I @O (IS, _ _
* Lam/(um) thi(deg)  filldeg)  gm|(deg) ity Definition of intensity distribution. =0 : magnitude of Poynting Vector, S _
0.0 90. 0 \_ =1 : electric & magnetic fielf intensity, =2 : electric fielf intensity, =3 : magnetic fielf intensity. )
(um)  xrm{(rim) yrm/(rim) sxO/(um)  syO[(um)  kpx kpy
1.0 1.0 0.0 0.0 0 0
(um)  csx|(um)  csy|(um)
0.0 0.0 max 6.140e-1
an ab ak PM L min 0.000e+0
2.0000 0. 00 0. 0000
2. 0000 0.00/  0.0000 4 clp=00
kt psl(deg)  px|(um) py|(um) wx|(um) wy (um) sx (um) sy, (um) Xp 0.5 - kfl=1
4 0.0 1. 50 1. 50 0. 500 0. 50 0. 00 0. 00 0.0
kt psl(deg)  px|(um) py|(um) wx|(um) wy|(um) sx|(um) sy|(um) Xp Xq » N
1 0.0 1. 00 1. 000 0.50 0. 50 —0. 000 0. 00 0.0 0.0 g 0.0
4 0.0 2.00 2. 00 1. 00 1. 00 0. 000 0. 00 0.0 0.0 N
tk f * * * * * * * * * * * * * * *
0. 60 0 0 -0.5
0. 60 0 0
0.60/ |0 0 D
-1.5 -1.0 -0.5 0.0 0.5 1.0 15
TRAREEA: L mn oooer0 DRUNEE 25 1) e 000000 xeaxis
(PBC) clpE1l (PML) = clp=00
kfl=0 kfl=0
(2] [%2]
g { 'g 0.0
N N
AN
\ Y7
B oy
05 1.0 15 45 10 05 00 05 10 15

i xz t.out




8. Contents of wsf.dat (wsf02.dat), 1719s

*k wsf. dat
% kstp kskp 1p clp/(0,1) crn
0 10 10 00 0.89
* kpls tw/(um) kdip kdr|/(0-2) dnt
0 0.1 1 0 1.0
* ksct 1x ly 1z
0 10 10 10
% kff nff thf|(deg) fif|(deg) krm
0 90 0.0 0.0 0
[* wdx|[(um)  wdy|(um)  dxy|(um) dz|(um) }/
3. 0 3. 0 0.01 0.01
% Lam|(um) th/(deg)  fi|(deg)  gml(deg)
0.5 0.0 0.0 0.0
% wxO[(um)  wyO|(um)  xrml(rim) yrm{(rim) sx0
1.0 1.0 0.1 0.1 0.0
* stx|(um) sty|(um)  csx|(um) csy|(um)
0.0 0.0 0.0 0.0
* kn o ok Name ko an ab ak
1t -S5i02 1 2.0000 0. 00 0. 0000
28 -Al 1 2. 0000 0. 00 0. 0000
% ki % kd|  kt ps|/(deg)  px|(um) by
1t 0 4 0.0 1. 50 1.50
* kfl  km| kr| kd| kt psl(deg)  px|(um) py
1# 1 1 0 1 0.0 1. 00 1. 000
2 00 4 0.0 2.00 2. 00
* (kb k1| km kp tkl  kf * * * *
1 0 (0
2 1 (0
3 0 0

(<1.0) kfl
0

(um)  ndl
10

m
100

(um)  sy0

(um)

WX
0. 500
WX

0. 50
1.00

* *

(um)

kot
0
nd2
-3

rml (um)
0.92

kpx
0

(um)

wy|(um)
0. 50
wy|(um)
0.50
1. 00
* *

(um)

(um)

ity

rm2 (um)
0.96

kpy
0

sx/(um)
0.00
sx|(um)

-0. 000
0. 000

*

-

Base layers

Up to 10000 lines can be input as far as the last line or the line starting from "'c" appears. Optical constants above the top layer or
below the bottom layer is the same ones as the top or the bottom layer, respectively, and then no boundary reflections from there.
kl =1: light source at the central layer. If all of ki are 0, the top surface of the first layer for cos(th)>0, or the lower surface of the

last layer for cos(th)<0 is the light source position.

=2: The intensity distribution is output to i_xy_t.out at the upper surface of the layer.
km Construction material number referred in km designation field. km=0 means vacuum (n=1.0).

kp Not operated (operated in wsh).
tk  Layer thickness (um)
kf =0: No reference

>0: Structure shape number referred in kf designation field. The referred shape structures are overwritten on the layer.

This numbers are represented by four digits, up to 100 set per line.

wdx Analysis width in the x direction (um). wdx=0 becomes a 2-dimensional problem.
The center of the width is the positional basis for the light source and structures.
The number of grid intervals is nx=int(wx/dx).

wdx Analysis width in the y direction (um). wdy=0 becomes a 2-dimensional problem.
The center of the width is the positional basis for the light source and structures.
The number of grid intervals is ny=int(wy/dy).

dxy Grid interval in X, y-direction (um).

~

i xz t.out

dz  Grid interval in z-direction (um). For layers where the layer thickness tk divided
by dz is not an integer, the grid interval becomes tk divided by an integer obtained
by rounding up tk/dz. )
max 6.700e-4
min 0.000e+0
0 T A
i_xy_t.out
05 - ﬂ\
2
6 0.0 { Wdy —
>
sy|(um) xp J
0. 00 0.0 ye
sy|(um) Xp Xq il
0. 00 0.0 0.0 05 T =
0. 00 0.0 0.0 - =
% % % % % de
-1.0 ‘ v !
-1.0 -0.5 0.0 0.5 1.0
X-axis
max 1.379e-3
min 0.000e+0
A ‘
—>
0.5
2
& 00
N
-0.5
1.5 1.0 -0.5 0‘.0 0.5 1.0 1.5
X-axis



9. Contents of wsf.dat (wsf03.dat), 9.5s

kpls Light source oscillation conditions.

: Continuous wave CW, which increases around cosine curve before tw, peaks at tw, and becomes constant after tw.
It’s suitable for light amount analysis.

: Gauss-pulse modulated, which peaks at tw and becomes 1/e maxmum full width at tw/2.

sk wsf. dat = 2: Sin”2-pulse modulated, which peaks at tw and becomes 1/2 maxmum full width at tw/2.
* kstp kskp Ip elpl(0,1)  ernl/(<1.0) kfl kot ity = 3: Sin"3-pulse modulated, which peaks at 0.5*tw and 1.5*tw and becomes 1/~/8 maxmum full width around each peaks.
0 10 10 00 0.99 0 0 0 = 4: Gauss-envelope sin-modulated, which peaks at tw and becomes 1/e maximum full width at tw/2. As it includes no DC
* kpls tw(um)  kdi 0-2) dnt|/(um) ) ndl nd2 - component, suitable for frequency response analysis.
p (um) tzd-x( ) (um) ) > itable for f lysi
0 1.0 al ) 0 4.0 10 -3 = 5: Gauss-envelope cos-modulated, which peaks at tw and becomes 1/e maxmum full width at tw/2.
* ksct Ix ly 1z tw  peak time distance or pulse width (um, converted by propagation distance)
0 10 10 10 kdip Radiation direction of light source. : ; max 543562
* kff nff thf|(deg) fif|(deg) krm nrm rml (um)  rm2(um) = 0: Single direction (EH-oscillation), To obtain a meanlngfm' min 0090610
0 90 0.0 0.0 0 100 0.92 0.96 = 1: Dual direction (E-oscillation) result, set the propagation kdr=0,kdip=0,th=45,wx0=3
* wdx|(um)  wdy|(um)  dxy|(um) dz|(um) = 2: Dual direction (H-cscillation) distance dnt large enough 05 v
3.0 0.0 0.01 0.01 ' N ; for CW oscillation until the
. kdr Spread direction of Light source. o
* Lam|(um) thi(deg)  fil(deg)  gm(deg) — 0" in xv-pl calculation is stable, and for 2
0.25  (—45.0) 0.0 0.0 7 Inxy-plane illati i § 00
. : : ) . ) L v e pulsed oscillation until the R
* wx0|(um) —wyO[(um)  xrm/(rim) yrm{(rim) sx0|(um) syO[(um)  kpx kpy = Ls (I Y amount of light remaining in
3.0 1.0 1.0 0.0 0.0 0 0 = 2: in xz-plane _ T s e .
* stx|(um) styl(um)  csx|(um) csy|(um) dnt Propagation distance(um, in vacuum), o y g ’ A
0.0 0.0 0.0 0.0 which equals step numbers by time step  SUfficiently attenuated.
* km ok Name| ko an ab ak! 15 1.0 05 0.0 05 1.0
1# -Si02 1 2. 0000 0. 00 0. 0000 70 x-axis
2 -All 1 2. 0000 0. 00 0. 0000 i ooooZlo ‘
* kr * kd  kt ps|(deg)  px|(um) py|(um) wx|(um) wy|(um) sx/(um) sy|(um) Xp
1# 0 4 0.0 1. 50 1. 50 0. 500 0.50 0. 00 0. 00 0.0
* kf| k krf kd = kt psl(deg)  px|(um) py|(um) wx|(um) wy|(um) sx|(um) sy|(um) Xp X
1 ﬂ 0 0 1 0.0 1. 00 1. 000 0. 50 0.50 -0. 000 0. 00 0.0 0.0
28 0 o 4 0.0 2.00 2. 00 1. 00 1. 00 0. 000 0. 00 0.0 0.0
* kbl k1| km kp t kf %k % %k ki %k ki k %k %k % %k k %k % % k
1 0 0f 0 0. 60 0 0
2 11 0/ 0 0. 60 0 0
3 0 0l O 0. 60 0 0
P tw _ P tw _ P tw o
- Ny r N AN - T
| max 6087e:3
- ]lif '|III - . I.l' 'll\ J,I'I |||I1 JJ!' '|lII l}l.i' 1.1 ( ! min_0.0008+0
| P W A I S W A tw kdr=1 kdlp Oth 90, wa 03
O L T W
o A e — T -
kpls=5  ——|— tw/2 — | kpls=0 A kpls=2
. - L - i
- tw R tw/2 tw
< » %
I iy | ‘
kdr=1,kdip=0 tw m—— % 4 W2 —t |
th=45,wx0=3 ' - ,fl_l‘ tw/2 — tw/2 = 15 10 05 00 05 10
mnt.out kpls=4 J ‘,U tw/2 — | kpls=1 i kpls=3 i xz t.out




10. Contents of wsf.dat (wsfO4.dat), 166s

*k wsf. dat

* kstp kskp 1p clp/(0, 1) crnl[(<1.0) kfl kot ity B5
0 10 10 00 0.99 0 0 0
* kpls tw/(um) kdip kdr/(0-2) dnt|(um) ndl nd2 B3
0 1.0 0 0 0 5.0 10 -3 . 4.1210- th=fi=45.0 B1 B2
* ksct 1x ly 1z min_0.000e+0 ‘ B4
0 10 10 10
* kff nff thf|(deg) fif|(deg) krm nrm rml (um)  rm2 (um) B6
0 90 0.0 0.0 0 100 0.92 0. 96 0.0
* wdx[(um)  wdy|(um)  dxy|(um) dz|(um) If “U/D_reverse” is
3.0 3.0 0. 02 0. 02 ‘ checked in wscnt, B5/B6
[* Lam|(um) th|(deg) (—%(deg) (_%(deg)] 15 10 05 0.0 05 10 15 isreversed as above.
0.5 -45. 0 45, 0. X-axis .
* wxO[(um)  wyOl(um)  xrm|(rim) (um)  syO|(um)  kpx kpy ) The image appears to b'e 45
1.0 1.0 1.0 0.0 0 0 i xz t.out degrees counterclockwise due to
* stx|(um)  sty{(um)  csx|(um) max 1615641 the upside-down display.
0.0 0.0 0.0 o min_0.000e+0
* k * Name| ko an
1# -Si02 1 2.0000
2 -Al 1 2.0000
* kr * kd|  kt ps|(deg) (um) wx|(um) wy|(um) sx|(um) sy|(um) xp
1# 0 4 0.0 0. 500 0. 50 0.00 0. 00 0.0
* kfl  k kr kd| kt ps|(deg) (um) wx|(um) wy|(um) sx|(um) sy|(um) Xp Xq
1# 3 a 0 1 0.0 0. 50 0. 50 —-0. 000 0. 00 0.0 0.0
2 0 4 0.0 1. 00 1. 00 0. 000 0. 00 0.0 0.0
* kb kIl km kp tk| kT * * * * * * * * * * * * * * * *
1 0 0. 30 0 0
2 1 0 0. 30 0 0
3 0 0. 30 0 0
Lam Wavelength (um). )
th  Azimuth angle of incident light (deg).
kdr=0 : with z-axis. kdr=1 : with x-axis. kdr=2 : with y-axis.

-1.0

fi  Argument angle of incident light (deg). Y

1.0 0.5 0.5 1.0
kdr=0 : with x-ais in xy-plane. kdr=1 : with y-axis in yz plain. kdr=2 : with x-axis in xz-plain. sindx
gm Angle gm (deg) shows polarization direction of light source. that the electric
vector E makes with the axis. i far.out Far-field intensity distribution from the

kdr=0: gm is an angle between E and x-axis on xy plane.
kdr=1: gm is an angle between E and y-axis on yz plane.
kdr=2: gm is an angle between E and x-axis on xz plane.

bottom surface, 2nd picture in Wscnt




11. Contents of wsf.dat (wsf05.dat), 2858s

*% wsf. dat
* kstp kskp 1p clpl(0,1) crnl[(<1.0) kfl kot ity
0 10 10 00 0.99 0 0 0
* kpls tw/(um) kdip kdr|(0-2) dnt|(um) ndl nd2 e N
0 1.0 1 0 2.0 10 -3 wx0 Light source spread in x-direction (um).
* ksct 1x Ly 1z wy0 Light source spread in y-direction (um).
0 20 20 20 xrm =1 : uniform intensity in x-direction.
* kfT nff thf|(deg) fif|(deg) krm nrm rml (um)  rm2 (um) =0 : cos-intensity distribution. Full width half maximum = wx0/2  ~_|
N do( ) 30( )_182' 0( ) O‘do( ) 0 100 0.92 0.96 =0~1: rim intensity ratio of Gaussian distribution in x-direction. —— 1
wdxjium) - wdyjum Xyjium zium yrm =1 : uniform intensity in y-direction.
3.0 3.0 0.01 0.01 o . o A . . B
. =0 : cos-intensity distribution. Full width half maximum = wy0/2.
* Lam|(um) th/(deg)  fi|(deg)  gm|(deg) S . . L L
0.94 0.0 0.0 0.0 =0~1:rim intensity ratio of Gaussian distribution in y-direction. xrm
= 0lCum) 0(um)  xrm(rim)  yrm(rim) 0[(um)  sy0[(um) Y kpx kpy sx0 Shift length of light source center in x-direction (um).
1. 0) 1.0) 0.0 0.0 Co.5) 0.0 0 0 sy0 Shift length of light source center in y-direction (um). wx0
* stx|(um) sty/(um)  csx|(um)  csy|(um) \ / -
0.0 0.0 0.0 0.0
* km % Name| ko an ab ak
1# -5i02 1 2.0000 0. 00 0. 0000
2t -Al 1 2.0000 0. 00 0. 0000
* kr * kd  kt ps/(deg)  px|(um) py|(um) wx|(um) wy|(um) sx/(um) sy|(um) Xp
1# 0 4 0.0 1. 50 1.50 0. 500 0.50 0. 00 0. 00 0.0
* kfl  kml k| kd] kt ps|(deg)  px|(um) py|(um) wx|(um) wy|(um) sx/(um) sy|(um) Xp X max 3-8832;50
w1 0 0 1 0.0 1. 00 1.000 0.50 0.50 -0. 000 0. 00 0.0 0.0 1.5 :
ot 2 o 0 4 0.0 2. 00 2. 00 1. 00 1. 00 0. 000 0. 00 0.0 0.0
* kb k1 km kp tk| kf] * * * * * * * * * * * * * * * *
1 0 0 0. 60 0 0 1.0
20 1 0 0. 60 0 0 _ _
3 0 of 0.60 0o 0 vOsuaRel 0
sx0=0.5 05
M 05006:0 “«—>
2
g 0.0
>
05
05
2
@ 0.0
N
1.0
-0.5
15
J 15 1.0 0.5 0.0 05 1.0
15 -1.0 -05 0.0 05 1.0 15 x-axis

X-axis

i xz t.out i xy t.out



12. Contents of wsf.dat (wsf06.dat), 164s

max 9.301e-1

Electromagnetic domain

min 0.000e+0
= *
o wst. dat (k)'sgteriltg('j xiit:(:urt s(():atterin field 071z I
* kstp kskp 1p clp|(0,1)  crn|/(<1.0) kfl kot ity Co tering ‘ dx*| dx*Ix
0 10 10 00 0. 89 0 0 0 = 1: With scattering field. ) ) o >
% kpls tw/(um)  kdip kdr{(0-2) dnt/(um)  ndl nd2 IXx  Number of layers of scattering zone in x-direction. 0.5 f
0 1.0 0 0 0 8.0 -3 ly  Number of layers of scattering zone in y-direction.
* ksct 1x Ty 1z L 1z Number of layers of scattering zone in z-direction. l__
[ (1) 20 20 20
[* kff nff thf|(deg) fif(d]ag) krm nrm rml (um)  rm2 (um) >9< p— T
1| < 90> -180.0 0.0 0 100 0.92 0. 96 00 o ?ﬁ N S
* wdx[(um)  wdy/(um)  dxy|(um) dz|(u N ( CD)
1.8 0.0 0.01 0.01
* Lam|(um) th|(deg)  fil(deg)  gm|(deg) g
0.5 0.0 0.0 0.0
* wxO[(um)  wyO/(um)  xrml(rim) yrm/(rim) ‘sxO|(um)  syO/(um)  kpx kpy 05
3.0 3.0 1.0 1.0 0 0.0 0 0
* stx|(um) sty/(um)  csx/(um)  csy|(um) =
0.0 0.0 0.0 0.0 P4
* k * Name| ko an ab ak 05 0.0
1 -Sioz 1] 1.4623 0.00,  0.0000 x-axis
# -Al 1 2. 0000 0. 00 0. 0000 .
* k * kd|  kt psl(deg)  px|(um) py|(um) wx|(um) wy|(um) sx|(um) syl(um) Xp g = 'M ksct=1
1# 0 4 0.0 1. 50 1. 50 500 0. 50 0. 00 0. 00 0.0
* kil _km krlkdl kt psl(deg)  px|(um) py|(um) wx|(um) wy|(um) sx/(um) sv|(um) XD Xq . —175172
1 (1 o o 1 0.0 0. 00 0. 000 0,30 0.30  -0.000 0. 00 0.0 0.0 o sHBEE 11660
2 0l 0 4 0.0 2.00 2.00 1.00 1. 00 0. 000 0. 00 0.0 0.0 142@[ 356404 \ Mg
* kb k1l ko kp tk| kf * * * * * * * * * * * * * * 1540 _— Initial value %,
; o0 oel| 1 o i 2stion—tht i,
. 1 -
0 0. 60 0 0 11150 2.0E+04 172126
112 -112
108 L 360-degrees far-field -8
o TOEYoL 360far.out o
s \ 96 5.0E+03 96
Operated for CW-oscillation kpls=0 % oloe+bo %2

thf

kff  Far-field analysis of 360-degrees.
=0 : Not be conducted. =1 : Be conducted.
nff  Number of azimuth angles in the far-field, or number of partitions per single rotation.
Calculated results are output to 360far.out.
Starting azimuth angle in the far-field (deg).
| fif  Argument angle in the far-fileld (deg).




Emission Outf_low_5
13. COntentS Of WSf. dat (WSfO’Y.dat), 12758 The |arger the value, the more accurate the analysis. |t y 0009+o to 7.483e-2 4_5 oooo_e+o 1?5044&2

. .. . P— I
should be set so as the amount of light remaining in the — .
analysis region is sufficiently attenuated.
sk wsf. dat 35
% kstp kskp 1p clp/(0,1) crn|[(<1.0) kfl ity 30
The Iarger the Value, 0 10 10 11 0. 89 0 0 0 . —
the larger the gain * kpls /.Lu(um) kdip kdr|(0-2 (um) 1 nd2 2,
variation within the 5 6.0) 0 0 0)—400.0 10 -3 —
range of wrm. * kset X ly 1z ) .
0 20 20 20 Operated for Pulse-oscillation kpls<> 10
* kfg ngg —18(§h(t; (deg) glg(deg) [ k”{l ng org; (um) orgé (um] krm  Frequency spectrum analysis. 05
EEE : ‘ =0: Not be conducted. =1: B& conducted. 2
* wdx[(um)  wdy|(um)  dxy|(um) dz|(um) N % 00 00
10 0 0 03 0 o 0.9 0.0 0.01 0.01 nrm  Division number of frequency spectrum. NS
501 Coum o o ) : e : Calculated results of time-domain and 03 05
10 2 0 016268 0 0 * Lam(um) th(deg) fi (deg) gm(deg) X 3 A
50 1 00180 0 0 0. 94 0.0 0.0 0.0 frequency-domain for six boundaries are output to 101 10 1
6 0 2 0 0.16268 0 0 * * * * -
TooL oo oo * wx0/(um) — wyOftum)  xrm(rim) yrm(rim) sx0((um)  syO|(um)  kpx kpy flow_t.outand flow_f.out, respectively. 15 Fa205 15
9 0 10 dmm o o 3.0 3.0 1.0 1.0 0.0 0.0 0 0 rml  Analyzed s : 20 " 20
i? 0 f 88%2 o 0 * stx/(um)  sty|(um)  csx/(um)  csy|(um) rm2  Analyze >
3 0 1 0omm 0 0 0.0 0.0 0.0 0.0 251 /' 251
[ et S * km % Name, ko an ab ak \ AL 204
160z 0o 0 0 o 1 Ta205 1 2.11000 0. 00 0. 000 45 ot 25 ]
180 20 016268 0 0 -Si02 1 1. 0000 0. 00 0. 0000
19 0 1 0 0.11180 0 0 g g
2 0 2 00le@ 0 0 * k * kd  kt psl(deg)  px|(um) py|(um) wx|(um) wy|(um) (um) Xp 40 40 Ooutfllow 6
2 0 2 0 0w 0 o 1 0 4 0.0 1.50 1.50 0. 500 0. 50 0.00 : 0.0 Ao A e T
MO0 s 0 Cims o o * k km| kr| kd  kt ps/(deg)  px|(um) py|(um) wx|(um) wy|(um) s|(um) Xp X Ay Ay
! x-axis x-axis
% 0 2 00w o0 0 " 1 o o 1 0.0 0. 00 0. 000 0.30 0.30,  —0.000 0.0 0.0 i
RN T R T S R i_xz t.out
%0 s 0 i o )| g 0 0.30| 0 |0 <— Light source position at top line
2 6 2 oomms o o 2 0 0.30 1 0 10 A —7 _ wrm( u m) _
I 1 o o.11180] o o - Lam(um) g
S | 2 0 0.16268 0 0 PVOPagationgmao Emission _0.00E+0 ., v Gain Variation Emiggion _ 3.62E+2
37 0 1 0 011180 0 0 . direction q\@—r
B 0 T 0 obmse o o 4 1 o o.11180| of |0 \ S IHereasine w0 eliminates the differance
L v e 4 9 0 0.30 0 0 Cos(th)>0 0.00E+0 I 000E+0 HereasSHg-Wxo-eHiHhatesthe-gHrerence
1,1 0 1 0 0.67?82 0 0 . \—Hr¥ Il betweenthe Mmaximum-o Il—!r\u\/il« ahd-thatof 7!—\
B o f ggiflfgﬁ o 0 4 0 o0 0. 30 0 0V +z ; N | % =)
Boioiim oo Insert a blank line B 76E w0 . Out b T3 1L G, Ou.Fon.5_36%512 =
Baioum o B5 beginning with "c" i - [ iter chajacter)stics
| 1 1Y ri rHtefr-Cnaractet
o0 o o o o at the breakpoint 0.00E+0 i Wﬁf AP PARAPR A AP fro iy . 0.00E+0 i 4 appear n'the
BB H | | Ill I freguencyv-spnec
to abort reading . requency-spectrum.
1.0nm bandpass Bl B2 . ) 0 Out Flow 6 -2.72E-1 9958 0 Out Flow 6 310E4 100
filter structure B4 Since the alignment of the 21BE+0 —I 1, 420842 e
centered at 940nm structural layers is inverted on N il . Hia T Tt YT v . ; A
B6 the z-axis and light propagation is O OE “"ﬁliﬂ. e e s L i 0000
. also from —z to +z direction, it is H 1
It “U/D_reverse” is easy to see when pictures 0 9958 0 100
checked inwsent, BS/B6  gisplayed in Wscnt are vertically flow t.out flow f.out

is reversed as above. . . . .
inverted to align a direction.



14. Contents of wsf.dat (wsf08.dat), 24.9s

*k wsf. dat
* kstp kskp 1p clpl(0,1) crnl(<1.0) kfl
0 10 10 11 0.89 0
* kpls tw|(um) kdip kdr|/(0-2) dnt|(um) ndl
0 0.1 0 0 0 10.0
* ksct 1x ly 1z
0 20 20 20
* kff] nff thf|(deg) fif|(deg) krm nrm
0 90 -180. 0 0.0 0 100
* wdx|(um)  wdy|(um)  dxy|(um) dz|(um)
3.0 0.0 0.01 0.01
* Lam|(um) th/(deg)  fil(deg)  gm|(deg)
0.0 0.0
* (um)  xrm(rim) yrm{(rim) sxO|(um)
0.0 0.0 0.0 0.0
[ * (um)  csx/(um)  csy|(um) ]/
0.0 0.0
* km an ab ak!
1 1. 0000 0. 00 0. 0000
2 2. 0000 0. 00 0. 0000
% kr kt ps|(deg)  px|(um) py|(um) WX
1 4 0.0 1. 50 1. 50 0. 500
* k] kt ps|(deg)  px|(um) py|(um) WX
1 2 0.0 0. 00 0. 00 0.50
2 -2 0.0 0. 00 0. 00 0. 60
* kb tk|  kf H * * * * *
1 0. 40 0 0
2) 0. 50 1 0
3 0. 10 1 2
4 0. 50 1 0

If “Al"” is used, the material is treated as non-dispersed

won

one. Always prefix the name with to indicate a
dispersed material. In most cases of dispersed materials,
k is larger than n. FDTD algorithm runs out of control
under the non-dispersed condition of k>n.

(um)

(um)

(um)

kot
0
nd2
10

rml (um)
0.92

kpx
0

wy|(um)
0.50

wy|(um)
0. 50
0. 60
%k

ity
0

-3

rm2 (um)
0.96

kpy
0

sx|(um)
0. 00
sx/(um)
0. 000
0. 000

*

Stx

sty

csX
csy

Shift length of overall structure center in x-direction (um).
Not applicable for light source position.

Shift length of overall structure center in y-direction (um).
Not applicable for light source position.

Cross sectional position of graphics in x-direction (um).
Cross sectional position of graphics in y-direction (um).

stx=0.00
max 4.008e+1
min 0.000e+0
]
05 - Fa205
ST -
I 7
° =_ Sf R —
N At /?}) f At
05 Air H
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
OX(()l x-axis
0.0 i_xz.out & m_xz.out
*
stx=0.50
max 2.779e+1
min 0.000e+0 B5
0.5 \\—%2@ Jlnf ow&} material 1
' = B3
. Infloy t Qe A\ B1 B2
] matelrial =0 ;\ B4
g 00 S SR
N \AEF [
B6
‘Outflo fr(>¥\ N
0.5 teribl 2 THYTITOW TP m _
materiy /H HH material 1 Wsent T ETFRER L T
45 40 -05 00 05Y 10 15 W 5355 1 E -2 {Al

X-axis
i xz.out & m xz.out

T+ S



15. Contents of wsf.dat (wsf09.dat), 1809s

*% wsf. dat
% kstp kskp 1p clp/(0,1) crn|[(<1.0) kfl
0 10 10 11 0.89 0
* kpls tw|(um) kdip kdr|/(0-2) dnt/(um) ndl
0 1.0 0 0 0 10.0
* ksct 1x ly 1z
0 20 20 20
* kff nff thf|(deg) fifl(deg) krm nrm
0 90 -180.0 0.0 0 100
* wdx[(um)  wdy|(um)  dxy|(um) dz|(um)
1.5 1.5 0.01 0.01
* Lam|(um) th/(deg)  fi|(deg)  gml(deg)
0.94 0.0 0.0 0.0
* wxO[(um)  wyO|(um)  xrm/(rim) yrm(rim) sxO|(um)  sy0
Calculated as external 3.0 3.0 1.0 1.0 0.0 0.0
data (nk.dat). * stx|(um) sty|(um)  csx|(um) csy|(um)
f store, only 73 0.0 0.0 0.0 :
If unregistered, on ame| ko an
up to two lines can \{—(T)\‘ Ta205) 1 1. 0000 ]
be read. 2) _wEAl 1 2. 0000
Calculated as /*/q * kd| kt psl(deg) (um) WX
. : : 1 0 4 0.0 0. 500
dispersion material « kf K kel kdl Kt bsl(deg) (um) x
If extinction coefficient > 1 ﬂ % 0 2 0.0 0.50
refractive index, FDTD 2 o ol -2 0.0 0. 60
will runaway. Therefore, * kb | k1l k p tk| kf * * *
metallic materials should 11 0 0 0. 40 0 0
be always specified as 2, 0 0 0. 50 1 0
dispersing materials and 3| 0 0 0.10) 1} 2
“-"is added to the 410 0 0.501 1 0

beginning of the material
name.

(um)

(um)

(um)

*

kot
0
nd2
10

rml (um)
0.92

kpx
0

wy|(um)
0.50

wy|(um)
0.50
0. 60
ES

*

ity
0

-3

rm2 (um)
0. 96

kpy

0

sx/(um)
0.00
sx/(um)
0. 000
0. 000

*

*

sy|(um)
0. 00
sy|(um)
0. 00
0. 00

*

%

Xp
0.0
Xp
0.0
1.0

*

y-axis

Corner R is expressed
by setting elliptic
exponent index xp.

X

oo
[ eiNe

*
*

Z-axis

an Refractive index.

ak Extinction coefficient.

p
km designation field (for optical materials)
The first 4 digits are serial line numbers, up to 200 lines can be input. Name Material name (within 8 digits) SiO2,Ag,Al,Au,Be,Cr,Cu,Ni,Pd,Pt, Ti,W
have internal data. For others, by entering the wavelength, refractive index, and extinction coefficient in the file of nk.dat as external data, the refractive index
and extinction coefficient are automatically interpolated. If no data exists in nk.dat, the values defined by the right-side parameter of 'an' are given priority.
nk.dat should be created by each user and stored in the same folder as wsf.exe.
ko Whether to output detected light amount to wsfl.out or not. =0 : not output, =1 : output.

ab  Abbe number, if =0, no dispersion (fixed to refractive index).

<

0.5

0.0

-0.5

i_xy.out & m xy.out (4t picture in Wscnt)

max 2.164e+0

®
&
A\

0.5

0.0

-0.5

max 2.267e+0

Air Y
" A

Al % [ Al
il ) |

i xz.out & m xz.out




16. Contents of nk.dat

Material Line number of
name nk data

/

v o

0. 02 0.978 0. 00393 Numerical Data |npUt Rule
8- 8;1 8 26152?2 8 8(}338;35 + After entering the delimiter mark (**) on the first line of the numerical data, write the material
008 03229 0. 45054 name (8 columns) and the number of lines of nk.dat (10 columns).
0.10[  0.2554  0.89234 » Input numbers are half-width (Spaces should be half-width and Tab codes are not allowed).
8: %i 8: g%gé }2882 e The right edge of the input digit must be aligned with a vertical line in 10-digit increments.
0.16 0.51722  2.1005 * Input numbers should be spaced by at least one half-width space.
0.18 0.71456  2.5072
0.20] 0.97629  2.8938
138 g 282 8 888} The material data can be created by overlaying the actual measured values or
2 00 3489 0 0001 literature values, etc. in the format shown above. The file name should be "nk.dat"

8%) 3. 9> 0. 0001 and must be stored in the folder where wsf.exe is located. However, the material

*k C_Ta205 726 . . .
o5t 2. 307018 0 ooesd name must be other than -SiO2, -Ag, -Al, -Au, -Be, -Cr, -Cu, -Ni, -Pd, -Pt, -Ti, -W
0.352 2.313395 0.000637 E{nga?;mber of which are defined in internal materials. If there are duplicate material names, the
Materal {5 20 b ot first data takes priorty

0.358 2.302962 0.000585
0.360 2.299649 0. 000569

Wavelength  Refractive  Extinction
(um unit) index coefficient

References https://refractiveindex.info/?shelf=main&book=Ta205&page=Bright-amorphous
https://www.filmetricsinc.jp/refractive-index-database/Ta205

Excerpts from nk.dat




17. Procedure for defining optical structures

Base layer of
material No. km and thickness tk

X-axis.

@ Definition of a Base layer y
1. setting km and tk z
2. entering kf for reference
X
% wsf. dat @ Definition of periodic struc.:t_ure.s _
* kstp kskp 1p clp(0,1) crn(<1.0) kfl ity on a Base layer at Kf specification field 1o LI
0 10 10 00 0.99 0 0 :
* kpls tw(um) kdip kdr (0-2) dnt(um) ndl L. SetJ.Ell’!g- km, kd,and kt . "
0 1.0 0 0 0 0.01 -3 2. definition of structures by setting parameters from ps to xq
* ksct Lx ly 1z 3. entering kr for reference
0 20 20 20 g
* kff nff thf (deg) fif(deg) krm nrm rm2 (um) 0
0 90  -180.0 0.0 0 100 0.96
* wdx (um)  wdy (um)  dxy (um) dz (um) e
3.0 3.0 0.01 0.01 .. . . . pe . R
* Lam(um)  th(deg)  fi(deg)  gm(deg) 3 Restriction of periodic structures at Kr specified field
0.94 0.0 0.0 0.0 :
* wx0(um)  wyO(um)  xrm(rim) yrm(rim) sxO(um)  syO(um) kpy L. SetJ.[II’!g- kd and kt L . e
2.0 2.0 0.0 0.0 0.0 0.0 o 2. definition of the restriction shape by setting parameters from o
* stx(um)  sty(um) csx(um)  csy(um) R riction ran "
0.0 0.0 00 00 ps to xp estriction range 4
* km % Name ko an ab ak o
1 -$i02 1 2.0000 0.00  0.0000
2# -AL 1 2.0000 0.00  0.0000
Kr fieldg * kd  kt ps(deg)  px(um) py (um) wx (um) sx (um) sv (um) XD
@ 02 00 0.00 0.00 2.50 0.00 0.00 0.0 B |
Kf field® Akr kd  kt ps(deg)  px(um) py (um) wx (um) sx (um) sy (um) Xp Xq
@ 1 0 1 0.0 1.00 1.000 0. 50 0. 000 0. 00 0.0 0.0 ] :
o 4 0.0 2. 00 2. 00 1.00 0. 000 0. 00 0.0 0.0
kb kl km kp tk  kf % * * * * * * * * * * * *
@ 0 0 0 0.60 <) (]

Base Iayer

X-axis.




1 8 . Contents Of WSf. dat (st]_ O . dat) 9 . 9S kf designation field (for foreground structures)
’ The first 4 digits are serial line numbers, up to 9999 lines can be input.
km Construction material number referred in km designation field. km=0 means vacuum (n=1.0).
o wsf. dat té |:&estricti_on shaﬁe nudmber ;eferred in kr designation field. kr=0 means restriction free.
) . ow to input shape data of structures.
* kStg ks}fg }8 C(l)g ©,1) chg «1.0) kfé koé 11;3 =0: by internal definition. =1: by external data using sub.dat. Applied to all except for wx and wy, sub.dat can be input up to
« kol . N ’ 400 types (up to 1000 lines for each type).
pls tw|(um) kdip kdr|/(0-2) dnt|(um) ndl nd2 . :
0 1.0 0 0 0 0.01 10 _3 | kt Selection of shape type. (-kt shows an inverted shape for kt.)
* ksct 1x ly 1z When kd=1, kt=Pattern No. in sub.dat.
0 20 20 20 When kd=0,
* kff nff, thf|(deg) fif|(deg) krm nrm rml (um)  rm2 kt=0 No area definition.
0 90 -180. 0 0.0 0 100 0.92 0.96 =1 Rectangular areas of width wx*wy centered on a square grid position of period px*py.
* wdx|[(um)  wdy|(um)  dxy|(um) dz|(um) =2 Elliptic shape of width wx*wy and elliptic index xp centered on a square grid position of period px*py, where
3.0 3.0 0.01 0.01 xp = -2.0 to -1.0 for star, =-1.0 for diamond, = 0.0 for ellipse, > 0.0 for square.
* Lam|(um) thi(deg)  fi|(deg)  gm((deg) =3 Hexagons shape (top/bottom vertex angles) of width wx*wy centered on a square grid position of period px*py.
0.94 0.0 0.0 0.0 =4 Hexagon shape (left/right vertex angles) of width wx*wy centered on a square grid position of period px*py.
* wxOl(um)  wyO/(um) — xrml(rim) yrm(rim)  sx0l(um)  sy0|(um) bX kpy =5 Diamond shape of width wx*wy centered on a square grid position of period px*py.
« itg (um) it 3 (um) SS 2 (um) gs (y) (um) 0.0 0. 0 0 =6 Ri_ght-angled tri_angular shape (d!agonal 1st quadrant) of Wi(_jth wx*wy centered on a square griq posit_ic_)n of peric_;d pxX*py.
0.0 0.0 0.0 0.0 =7 R!ght-angled trl_angular shape (dl_agonal 2nd quadrant) of w_ldth wx*wy centered on a square gr!d pos!t_lon of per!od pxX*py.
% k % Name ko an ab K =8 R_lght-angled tr_langular shape (d_lagonal 3rd quadrant) of w_ldth wx*wy centered on a square gr_ld pos_lyon of perlod pxX*py.
1 5102 1 20000 0. 00 0. 0000 =9 Right-angled triangular shape (diagonal 4th quadrant) of width wx*wy centered on a square grid position of period px*py.
21 -Al 1 2. 0000 700 0. 0000
* ki * kd  kt ps|(deg px|(um) py|(um) wx|(um) wyl|(um) sx|(um) sy|(um) Xp =10 Linear lattice of period wx, angle wy, duty ratio xp, starting point
1# 0 2 0 0. 00 0. 00 2.50 2.50 0. 00 0. 00 0.0 xq included in each square grid of period px*py.
* kfl km| kr kd kg [ ps|(deg)  px|(um) py/(um)  wx|(um)  wy|(um) sx|(um) sy|(um) Xp xXq ] =11 Concentrically elliptic lattice of period wx, angle wy, duty ratio xp,
Reforred é 1 0do D) (0.0 é 88 1-2088 ? (5)8 (1) gg *8- 888 8 88 8 8 8 8 starting point xq included in each square px*py of period px*py.
: : : : : : : : =12 Concentrically dodecagonal lattice of period wx, angle wy, duty ratio xp,
b * * * % * * * * k % % * k k % . = g g A 5 .
1 0 starting point xq |nclud_ed in each square grid of period px*py.
=13 15-degrees-rotated lattice for kt=12.
=14 Concentrically 18-corner polygonal lattice of period wx, angle wy, duty
Defined inside Defined outside ratio xp, starting point xq included in each square grid of period px*py.
e KE=2 periodic circles .. kt=-2 periodic circles = MD-BEES IO HHER oy |80, _
See the pages that follow for 1.5 10 000010 il =16 Concentrically hexagonal lattice of period wx, angle wy, duty ratio xp,
. . . . starting point xq included in each square grid of period px*py.
relationshi P with f'gu res. 1o =17 30-degrees-rotated lattice for kt=16.

ps Rotation angle of all structures around the region center (deg).

px  Structure period in x-direction (um). When =0, it is an isolated pattern. | ,,
py Structure period in y-direction (um). When =0, it is an isolated pattern. i‘“’

wx  Structure width in y-direction (um).
wy Structure width in y-direction (um).

sx Shift length of the structure center in x-direction (um).
sy Shift length of the structure center in y-direction (um).
xp Elliptic exponent index for kt=2. Lattice duty ratio for kt=10 to 17.

xq Starting point of lattice for kt=10 to 17.

-1.0




19. Contents of wsf.dat (wsfl1.dat), 11.0s

kr designation field (for restricting shapes)
The first 4 digits are serial line numbers, up to 1000 lines can be input.
*k wsT. dat kd How to input shape data of structures.
* kstp kskp! 1p clp/(0,1) crnl[(<1.0) kfl kot ity =0: by internal definition.
0 10 10 00 0. 99 0 0 0 =1: by external data using sub.dat. Applied to all except for wx and wy, sub.dat can be input up to 400 types (up to 1000 lines for each type).
* kpls twl(um) kdip kdr|((0-2) dnt|(um) ndl nd2 kt Selection of shape type. (-kt shows an inverted shape for kt.)
0 1.0 0 0 0 0.01 10 -3 When kd=1, kt=Pattern No. in sub.dat.
* ksct 1x ly 1z When kd=0,
0 20 20 20 kt =0 No area restriction.
* kf nff thfi(deg)  fifl(deg) krm nrm rml (um) rm2 =1 Restricted by rectangular areas of width wx*wy centered on a square grid position of period px*py.
0 90 ~180.0 0.0 0 100 0.92 0.96 =2 Restricted by elliptic shape of width wx*wy and elliptic index xp centered on a square grid position of period px*py,
* wdx|(um)  wdy|[(um)  dxy|(um) dz|(um) _ ~ d hl L
3.0 3.0 0.01 0.01 where: xp =-2.0 to -1.0 for star, = -1.0 for diamond, = 0.0 for e_Illpse, > 0.0 for square. _ - )
% Lam/(um) th(deg)  fil(deg)  gm(deg) =3 Restr!cted by hexagons shape (top/_bottom vertex angles) of width wx*wy centered on a square grid pqsmon of _perlod px*py.
0. 94 0.0 0.0 0.0 =4 Restricted by hexagon shape (left/right vertex angles) of width wx*wy centered on a square grid position of period px*py.
* wxO[(um)  wyOl(um)  xrm|(rim) yrm(rim) sxO/(um) sy kpx kpy =5 Restricted by diamond shape of width wx*wy centered on a square grid position of period px*py.
2.0 2.0 0.0 0.0 0.0 /ﬁ 0 0 =6 Restricted by a right-angled triangular shape (diagonal 1st quadrant) of width wx*wy centered on a square grid position of period px*py.
* stx[(um)  sty[(um)  csx|(um)  csy|(um) =7 Restricted by a right-angled triangular shape (diagonal 2nd quadrant) of width wx*wy centered on a square grid position of period px*py.
0.0 0.0 0.0 0. 0/ =8 Restricted by a right-angled triangular shape (diagonal 3rd quadrant) of width wx*wy centered on a square grid position of period px*py.
* kn Name| ko an M ak =9 Restricted by a right-angled triangular shape (diagonal 4th quadrant) of width wx*wy centered on a square grid position of period px*py.
1 -S5i02) 1 2. 000 0. 00 0. 0000
2t Al 1 M 0.00, _0.0000
[ * ky * kd| kt psl(deg)  px|(um) py|(um) wx|(um) wy|(um) sx|(um) sy|(um) Xp ]
1 0 2 0.0 0. 00 . 2. 50 2. 50 0. 00 0. 00 0.0
* kfl  k kd| kt s|(de x|(um wx|(um wy|(um sx|(um sy|(um X X - .
o 1 0?0( ¥ 1.80( ) 0. 50( ) 0. 5(y>( )70. 000( ) .03( ) 0.8 0.8 limited inside a limited outside a
Referred o o ol 4 00 2.00 1..00 1,00  0.000 0. 00 0.0 0.0 circle by setting kr circle by setting kr
* kb k(lJ kj kp‘ tk|  kf] % % * ok ok %k % ok ok %k % designation field designation field
! o e 1o sz kr=0 L kr=1 kt=2 o momm kr=1kt=-2
1.0 ‘ 1.0 1.0 ‘
( ps Rotation angle of all structures around the region center (deg). ‘
px  Structure period in x-direction (um). When =0, it is an isolated pattern. 05 i 05 05
py Structure period in y-direction (um). When =0, it is an isolated pattern.
wx  Structure width in y-direction (um). % oo ' . ‘ %00 2. [ |
wy Structure width in y-direction (um). S L I l l
sx  Shift length of the structure center in x-direction (um).
sy Shift length of the structure center in y-direction (um). 08 ' 08 -05
xp Elliptic exponent index for kt=2. Lattice duty ratio for kt=10 to 17. ‘
S J 1.0 1.0 1.0 ‘
1.5 -16 15
15 10 05 0.0 05 1.0 1.5 45 10 05 0.0 05 10 15 15 10  -05 0.0 05 10 15
e m_xy.out x-axis



20. Relationships (1) between kt and structures for kd=0

0.000e+0 to 1.000e+0

- 7 '

05 i p /2
Fo ’py
-05

-0.5 U,Dl

-1.5 kt=2,xp=1.0
o# e

ks
y
=]
o
P
! o
o =
(&) *
N
©
<

++5 +

®
°

0.5 1.0 -1.0 -0.5 0.0 0.5 1.0




21. Relationships (2) between kt and structures for kd=0

0.000e+0 to 1.000e+0

Py py WX pX
05 05 D 05
px* D /3 | X PA :
4 Wy
% 00 3 00 Wy § 00
- > >
PX —
IS | /q
05 px/3 05 05
. 05 0.0 05 10 1.0 05 00 05 10 10 05 0.0 05 10
X-axis x-axis x-axis
1.0 py L 1.0 1.0 4
WX pX
05 05 py 05 py
wy WX pX WX pX
§ 00 § 00 § 00
> > >
wy Wy
05 -05 -0.5
,]_0 {» ,]_0 ‘ ,]_0 4 '
10 05 0.0 05 10 1.0 05 0.0 05 10 1.0 05 0.0 05 1.0

x-axis X-axis X-axis



22. Relationships (3) between kt and structures for kd=0
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23. Relationships (4) between kt and structures for kd=0

kt=1,ps=0.0 kt=10,xp=0.5 kt=11,xq=0.0
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24. Reference to sub.dat for kd=1 (sub.dat)

Contents of sub.dat

x1 yl x2 y2 x3 y3 x4 yv4
= [ —-1.5000,  —1. 5000 1.5000, —1.5000 1. 5000 1. 5000/ —1.5000 1. 5000
Corresponding —1 . ( 2)( ~1.0500 —1.0500 1.0500 —1. 0500 1. 0500 1. 0500/ -1. 0500 1. 0500
to the values kt -1.5000  —1.5000 1.5000, —1.5000 1.5000/ -1.3250/ —1.5000{ —1.3250
of wsf.dat. 1.3250, —1.3250 1.5000, —1.3250 1. 5000 1. 3250 1. 3250 1. 3250
Duplication is 1. 5000 1. 3250 1. 5000 1.5000,  —1.5000 1.5000( -1.5000 1. 3250
prohibited. —1.5000  —1.3250  —1.3250/ —1.3250] —1.3250 1.3250/  —1.5000 1. 325

The enclosing figures of four points (in um) of (x1,y1),

Excerpt of sub.dat

(x2,y2), (x3,y3), and (x4,y4) or their aggregate figures are

lined up at a pitch of px, py and a shift amount of sx, sy.

Numeric data input rules

 Input numerals must be one-byte ones (full-width spaces are not allowed, nor are tab codes).
« The right end of the input numerals for each must be aligned with 10-digits increments after

first 5-digits.

* Input numbers should be separated by at least one space.

y-axis

y-axis

0.5

0.0

-0.5

0.5

0.0

-0.5

0.000e+0 to 1.000e+0

(x4,y4) (x3,y3

(x1,y1) (x2,y2)

-20 -15 -1.0 -05 00 0.5 1.0 1.5 2.0
X-axis

0.000e+0 to 1.000e+0

20 -15 -10 -05 00 0.5 1.0 1.5 20
X-axis



25. Method of forming a lens shape (wsf12.dat), 251s

wsems data.

y=a-n*dz

0.740
0.720
0.700
0.680
0.660
0.640
0.620
0.600
0.580
0.560

00 = oy N W P e

10
11 -
.520

x=sqrt(a"2-y"2)|2x=Intercept width

0.122
0.210
0.269
0.316
0.356
0.391
0.422
0.450
0.475

ht Structure height (um)

0.244
0.420

a Radius for circular
cross-section (um)

0.539
0.633
0.712
0.782
0.844
0.900
0.951
0.998
1.041
1.081

[elolelelieloleleleleeleelelele oo o) (Nl N

i

[\ ) QOO D00 S O g
QDO D DD DODDODODODDDODODDODDDODDDODOO (=N

MO

020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
000

003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
000

O/ZOOOOOOOOOOOOOOOOOOOOOOOO

Z-axis

A B
1
*k wsf. dat ;
* kstp kskp 1p clp(0,1) ecrn(<1.0) kfl kot ity ¢ |a=radius n=Layer No
0 10( ) 10 00( ) 0. 99( ) 0 0 0 3 0.75
* kpls tw(um) kdip kdr (0-2) dnt (um ndl nd2 ; P
0 L0 0 0 0 5.0 10 3 -} |dz—Gnd interval
* ksct 1x ly 1z 2
0 20 20 20 6 |ht=height
* kff nff thf (deg) fif(deg) krm nrm rml (um)  rm2 (um) _
0 90 -180.0 0.0 0 100 0.92 0. 96 !
* wdx (um)  wdy (um)  dxy (um) dz (um) 8
2.0 2.0 0. 02 0. 02 9
* Lam (um) th(deg) fi(deg) gm(deg)
0.75 0.0 0.0 0.0 10
* wx0(um)  wyO(um)  xrm(rim) yrm(rim) sx0 (um) sy0(um)  kpx kpy 11
1.5 1.5 0.0 0.0 0.0 0.0 0 0 12
* stx (um) sty(um)  csx(um)  csy(um)
0.0 0.0 0.0 0.0 13
* km % Name ko an ab ak 14
14 Ta205 1 1. 0000 0. 00 0. 0000
2 -S102 1 1. 4500 0. 00 0. 0000
* kr * kd  kt ps(deg)  px(um) py (um) wx (um) wy (um) sx (um) sy (um) X
1# 0 2 0.0 0. 00 0. 00 2.50 2.50 0.00 .00 .0
% kf  km  kr kd  kt ps(deg)  px(um) py (um) wx (um) wy (um) sx (um) um) XD Xq
0 0 2 0.0 1. 000 1. 000 0. 244 0. 244 0. 0. 00 0.0 0.0
0 0 2 0.0 1. 000 1. 000 0. 420 0. 420 0. 000 0. 00 0.0 0.0 2
3 2 2 0.0 1. 000 1. 000 0. 539 0. 539 0. 000 0. 00 0.0 0.0 ,(y::{»-‘é( 3
4 2 0 0 0.0 1. 000 1. 000 0.633 0.633 0. 000 0. 00 0.0 0.0 4
B 2 0 0 2 1. 000 1. 000 0.712 0.712 0. 000 0. 00 0.0 0.0 5
6 2 0 0 2 0.0 000 . 000 0. 782 0. 782 0. 000 0. 00 0.0 0.0
7 2 0 0 2 0.0 1.0 . 000 0. 844 0. 844 0. 000 0. 00 0.0 0.0 // 7
8 2 0 0 2 0.0 1. 000 1. 0. 900 0. 900 0. 000 OW 8
9 2 0 0 2 0.0 1. 000 1. 000 WG 951 6666 600 0.0 0.0 9
10 2 0 0 2 0.0 1. 000 1. 000 0. 998 0. 998 0. 000 0. 00 0.0 0.0 10
11 2 0 0 2 0.0 1. 000 1. 000 1. 041 1. 041 0. 000 0. 00 0.0 0.0 11
12 2 0 0 2 0.0 1. 000 1. 000 1. 081 1. 081 0. 000 0. 00 0.0 0.0 12
13 2 0 0 2 0.0 1. 000 1. 000 1. 118 1.118 0. 000 0. 00 0.0 0.0 13
14 2 0 0 2 0.0 1. 000 1. 000 1. 153 1. 153 0. 000 0. 00 0.0 0.0 14
15 2 0 0 2 0.0 1. 000 1. 000 1. 185 1. 185 0. 000 0. 00 0.0 0.0 15
16 2 0 0 2 0.0 1. 000 1. 000 1. 215 1.215 0. 000 0. 00 0.0 0.0 16
17 2 0 0 2 0.0 1. 000 1. 000 1. 243 1. 243 0. 000 0. 00 0.0 0.0 17
18 2 0 0 2 0.0 1. 000 1. 000 1. 269 1. 269 0. 000 0. 00 0.0 0.0 18
19 2 0 0 2 0.0 1. 000 1. 000 1. 293 1.293 0. 000 0. 00 0.0 0.0 19
20 2 0 0 2 0.0 1. 000 1. 000 1. 316 1. 316 0. 000 0. 00 0.0 0.0 20
21 2 0 0 2 0.0 1. 000 1. 000 1. 337 1. 337 0. 000 0. 00 0.0 0.0 21
22 2 0 0 2 0.0 1. 000 1. 000 1. 357 1. 357 0. 000 0. 00 0.0 0.0 22
23 2 0 0 2 0.0 1. 000 1. 000 1. 375 1. 375 0. 000 0. 00 0.0 0.0 23
24 2 0 0 2 0.0 1. 000 1. 000 1. 392 1. 392 | 0. 000 0. 00 Og\ 0.0 24
25 2 00 2 0.0 1000 v\I\()()() 1.407 1.407 '\ 0000 0.00 0 0.0 gg
* kb kINkm kp tk  kf % * * * * * * * * * * * *
1 0\8\0 0.500 000 0 N ™ AN 27
Rewritten As it is Rewritten As it is

max 5.551e+0
min 5.460e-3

1.5

1.0

0.5

0.0

-0.5

-1.0

-1.5

-1.0 -0.5 0.0

X-axis

i xz.out & m_xz.out

0.5 1.0

Rewritten

Sherical shape

ht



26. Method of converting AFM data by afm.exe (afm01.dat)

nx x-axis measurement point

ny y-axis measurement point Input file afm.dat

dx  x-axis measurement increment (um)

dy y-axis measurementmcre.m‘ent‘(u m)‘ sk AFM data
amp z-axis measurement amplification ratio \\[ o ny dx(um)  dy(um)  amp theta(deg) phi(deg) psi(deg)
theta Azimuth angle of the plane normal 15 15 0.07 0.07 1..000 0. 000 0..0000 0.0000
with the z-axis (deg) /0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.007605 0.011817 0.007605 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 Y
phi  Angular angle of the plane normal 0.000000 0.000000 0.000000 0.000000 0.032162 0.064350 0.086619 0.094445 0.086619 0.064350 0.032162 0.000000 0.000000 0.000000 0. 000000
aoune the 2 eds (deg) 0.000000 0.000000 0.007605 0.057395 0.110630 0.153556 0.180427 0.189501 0.180427 0.153556 0.110630 0.057395 0.007605 0.000000 0. 000000
) : _ 0.000000 0.000000 0.057395 0.127439 0.189501 0.235001 0.261937 0.270777 0.261937 0.235001 0.189501 0.127439 0.057395 0.000000 0. 000000
psi  Rotation angle of the measured image 0.000000 0.032162 0.110630 0.189501 0.253019 0.296660 0.321334 0.329225 0.321334 0.296660 0.253019 0.189501 0.110630 0.032162 0. 000000
around the plane normal (deg) 0.000000 0.064350 0.153556 0.235001 0.296660 0.336921 0.358735 0.365534 0.358735 0.336921 0.296660 0.235001 0.153556 0.064350 0. 000000
0.007605 0.086619 0.180427 0.261937 0.321334 0.358735 0.378339 0.384319 0.378339 0.358735 0.321334 0.261937 0.180427 0.086619 0.007605
0.011817 0.094445 0.189501 0.270777 0.329225 0.365534 0.384319 0.390000 0.384319 0.365534 0.329225 0.270777 0.189501 0.094445 0.011817
AEM d ; ¥ 0.007605 0.086619 0.180427 0.261937 0.321334 0.358735 0.378339 0.384319 0.378339 0.358735 0.321334 0.261937 0.180427 0.086619 0.007605
measurement data of nx -ny 0.000000 0.064350 0.153556 0.235001 0.296660 0.336921 0.358735 0.365534 0.358735 0.336921 0.296660 0.235001 0.153556 0.064350 0. 000000
(for x and y-axis) points, each value 0.000000 0.032162 0.110630 0.189501 0.253019 0.296660 0.321334 0.329225 0.321334 0.296660 0.253019 0.189501 0.110630 0.032162 0. 000000
in um, displayed in 10 digits 0.000000 0.000000 0.057395 0.127439 0.189501 0.235001 0.261937 0.270777 0.261937 0.235001 0.189501 0.127439 0.057395 0.000000 0. 000000
0.000000 0.000000 0.007605 0.057395 0.110630 0.153556 0.180427 0.189501 0.180427 0.153556 0.110630 0.057395 0.007605 0.000000 0. 000000
mex 3.8006-1 0.000000 0.000000 0.000000 0.000000 0.032162 0.064350 0.086619 0.094445 0.086619 0.064350 0.032162 0.000000 0.000000 0.000000 0. 000000
: \0- 000000 0.000000 0. 000000 0.000000 0.000000 0.000000 0.007605 0.011817 0.007605 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 J
0.4
03 Execution file [ afm.exe]
0.2 Click to generate (overwrite)
o the output file in a folder
0
§0.0 f t . .
2 arm.ou For being pasted into sub.dat.
Output file AFM data before and af ion which
02 [afm_xy.out a’Fa e. ore and after correptlon whic
s Wscnt visualizes as 1st and 2" picture.
-0.4 . . .
In case of theta=phi=psi=0, AFM data is the same
04 03 02 01 00 01 02 03 04 before and after correction and one 1s selected.

X-axis

afm_xy.out 2" picture visualized by Wscnt



27. Pasting converted data of AFM (wsf13.dat), 225s

Z-axis

k% wsf. dat
* kstp kskp 1p clp(0,1) crn(<1.0) kfl kot ity
0 10 10 00 0. 99 0 0 0
* kpls tw(um) kdip kdr (0-2) dnt(um) ndl nd2
0 1.0 0 0 0 5.0 10 -3
* ksct 1x ly 1z
0 20 20 20 .
* kff nff thf (deg) fif(deg) krm nrm rml (um)  rm2 (um) Input file
0 90 -180.0 0.0 0 100 0.92 0.96
* wdx (um)  wdy (um)  dxy (um) dz (um) afm. dat
2.0 2.0 0.02 0.02
* Lam (um) th(deg) fi(deg) gm(deg)
0.75 0.0 0.0 0.0
* wx0(um)  wyO(um)  xrm(rim) sy0(um)  kpx kpy
1.8 1.8 0.0 0 0
* stx(um) sty (um) csy (um)
0.0 0.0 0.0
: : : ~ paste ]
* km an ab ak ——
1# 1. 0000 0.00 0. 0000 Sub' dat ] afm.out
2 1. 4500 0. 00 0. 0000
* kr d ps (deg) wx (um) wy (um) sx (um) sy (um) Xp Output file
1# 0 .0 0. 500 0.50 0.00 0. 00 0.0 .
* km  kr kd py (um) wx (um) wy (um) sx (um) sy (um) Xp q Continued \__
g) 2 0 1 @/ 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 > 2 0 0 0 0.0200 1 0
2 0 1 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 3 0 0 0 0.0200 0
3 2 0 1 13 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 4 0 0 0 0.0200 3 0
4 2 0 1 14 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 ) 0 0 0 0.0200 4 0
B 2 0 1 15 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 6 0 0 0 0.0200 ® 0
6 2 0 1 16 0.0 1. 00 1. 00 0. 00 0.00 0. 000 0. 00 0.0 0.0 7 0 0 0 0.0200 6 0
7 2 0 1 17 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 8 0 0 0 0.0200 7 0
8 2 0 1 18 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 9 0 0 0 0.0200 8 0
9 2 0 1 19 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 10 0 0 0 0.0200 9 0
10 2 0 1 20 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 11 0 0 0 0.0200 10 0
11 2 0 1 21 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 12 0 0 0 0.0200 11 0
12 2 0 1 22 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 13 0 0 0 0.0200 12 0
13 2 0 1 23 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 14 0 0 0 0.0200 13 0
14 2 0 1 24 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 15 0 0 0 0.0200 14 0
15 2 0 1 25 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 16 0 0 0 0.0200 15 0
16 2 0 1 26 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 17 0 0 0 0.0200 16 0
17 2 0 1 27 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 18 0 0 0 0.0200 17 0
18 2 0 1 28 0.0 1. 00 1. 00 0.00 0.00 0. 000 0. 00 0.0 0.0 19 0 0 0.0200 18 0
19% 2 0 1 29 0.0 1. 00 1. 00 0. 00 0. 00 0. 000 0. 00 v\O 0 0.0 20 0 0 0.02 19 0
* kb kINkm kp tk  kf * * * * * * * * * * * * * \ * * 0 2 0 00 0 0
1 Z)\S\O 0. 200 0 () R itten
Rewritten As it is ewrntte

Measurement shape of
AFM expressed by sub.dat

max 5.843e+0

min  7.140e-3
[~
(S

sio2 | | || (
0.0 \ 4 |
L)
-1.0

-1.0 -0.5 0.0_ 0.5 1.0 B

X-axis

i xz.out & m xz.out




28. Calculati le (wsf14.dat), 528s X 40 X 2 nefdent angle
alculation exampie S a S max 3.475e+1
90.0 min 440003 |
gm=90.015 - 0.40
B5 Alr
sk wst. dat o ‘o \ 035
* kstp kskp 1p clp(0,1) crn(<1.0) kfl kot ity —— —i
0 10 10 00 0.99 0 0 0 B3 1.0 upper-in
* kpls tw(um) kdip kdr(0-2) dnt(um) ndl nd2 Bl BZ —e—|ower-out
0 1.0 0 0 0 15.0 10 -3 0.30 bsorbed
* ksct 1x ly 1z B4 | Jower-in —8—apsorbe
0 20 20 20 0.5
* kff nff th(deg) flf(deg) krm nrm rml (um) rm2 (um) 2 . > 0.25
0 90  -180. 0.0 0 100 0.92 0.96 B6 Si02 Si 2
* wdx (um)  wdy (um) dxy (um) dz (um) 0 O
2.0 2.0 0. 02 0.02 X 00 .= 0.20
© O o
¥ fantum) °€> o (de) —en(dee) When up/down is settoa 4 =
. . [n =
* wx0 (um) yoTum)  xrm(rim) rim) sx0(um)  syO(um)  kpx kpy reversal mode in Wscnt, F w 0.15
1.8 1.8 0.0 0.0 0.0 0.0 0 0w 05
* stx(um)  sty(um)  csx(um)  csy(um) up Is COI’I’eSpOI’ld to -z : 010
0.0 0.0 0.0 0.0 ; “ s .
tkm % Neme ko o b ak sﬁe and “down” is to +z
1 Si 1 1.0000 0.00  0.0000 side.
2 -Si02 1 1. 4500 0. 00 0. 0000 -1.0 0.05
* kr * kd  kt ps(deg)  px(um) py (um) wx (um) wy (um) sx (um) sy (um) Xp
1# 0 4 . .50 .50 0. 500 0. 50 0. 00 0. 00 0.0
s kf km kr kd  kt ps(deg)  px(um) py (um) wx (um) wy (um) sx (um) sy (um) Xp Xq 15 pper-out 0.00
1 2 o0 1 11 0.0 1.00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 -1 L
2 2 01 12 0.0 1.00 1.00 0.00 0.00  0.000 0.00 0.0 0.0 10 05 0% 05 10 0 5 10 15 20 25 30 35 40
32 01 13 0.0 1. 00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 . i
4 2 01 14 00 1,00 1,00 0. 00 0.00  0.000 0.00 0.0 0.0 . 3468eJ}-aXI&: Measurement shape of Incident angle (deg.)
5 2 01 15 0.0 1. 00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 ax 3.
6 2 0 1 16 0.0 1. 00 1.00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 om=0.0 min  2.200e-3 AFM eXpressed by sub.dat
702 0 1 17 0.0 1.00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 V15 0.40
8 2 0 1 18 0.0 1.00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 AIr
9 2 01 19 0.0 1.00 1,00 0. 00 0.00  0.000 0.00 0.0 0.0 \ /\\’( 035
10 2 01 20 0.0 1. 00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 . —
12 01 21 00 1.00 1.00 0. 00 0.00  0.000 0. 00 0.0 0.0 10 ®=Uupper-in
2 2 01 22 0.0 1.00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 —e—|ower-out
13 2 0 1 23 0.0 1. 00 1.00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 . 0.30
“ 2 01 24 0.0 1.00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 Si102 ] —e—absorbed
5 2 01 25 0.0 1. 00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 05 | lowel-in
6 2 01 26 0.0 1. 00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 : (\I‘ > 0.
17 2 01 27 0.0 1. 00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 ‘\) Q
18 2 01 28 0.0 1.00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 » g
9 2 01 29 0.0 1.00 1. 00 0. 00 0. 00 0. 000 0. 00 0.0 0.0 = 00 \ 2
20 1 00 1 0.0 0.0 0.0 0. 50 0. 50 0. 000 0. 00 0.0 0.0 © U S o
1 0 0 0 020 0 0 \ w
2 0 0 0 0020 1 0 R
3 0 0 0 0.0200 2 0 -0.5 S
4 0 0 0 0.020 3 0 g
5 0 0 0 0.0200 4 0
6 0 0 0 0020 5 0 (
7 0 0 0 0.0200 6 0 -1.0
8 0 0 0 0020 7 0
9 0 0 0 0.020 8 0 ?
100 0 0 0 0020 9 0
110 0 0 0,020 10 0 15 Lgauppel-au 0 - 20 - 20 - 20
oo 0 0 dww b 1005 OY)- 0 Incident angle (deg.)
4 0 0 0 0.020 13 0 X-axis g g
15 0 0 0 0.020 14 0
16 0 0 0 0.020 15 0 : y N
17 0 0 0 0.020 16 0 | XZ-OUt & m XZ 0 stl.out@ Hjjj;ﬁé’% (@Hjj‘ﬁ%!
18 0 0 0 0.020 17 0
199 0 0 0 0.020 18 0
20 0 0 0 0.0200 19 0 Transmitted Reflected Absorbed Total 01/10 r—in upc out\ absorbed 02/lower—in  upper—out absorbed
S S 3.9601E-01 1.0659E-01 2.5324E-01 7.5584E-01 C3_0458E-0» (Z_8560E-0D . 4853E-0D 7.1858E-01 4.2959E-01 1.0471E-01

wsfl.out



29. Notes

N

Metallic materials (e.g., Ag, Al, Au, Be, Cr, Cu, Ni, Pd, Pt, Ti, W) whose k (extinction coefficient) is larger than n (refractive index) will
cause a runaway (spatial energy divergence) in the FDTD algorithm. To prevent this, it is necessary to treat these materials as
dispersed materials. In Wsf, these materials (including SiO2) are defined as internal materials and are prefixed with -, like -Ag. This is
done to distinguish from externally definitions.
When defining the dispersed material by nk.dat as an external definition, be aware that the condition of k > n causes a runaway.
To prevent calculation runaway, crn ( Courant index) is set less than 1.0. Especially in the case of dispersive materials, crn must be set
to 0.9 or less for a stable calculation.
The larger the grid width, the more inaccurate and the more prone to runaway. Normally, it should be set to 1/10 or less of the
wavelength.
To obtain significant results, dnt (propagation distance) should be set at a large value so that oscillation becomes stably constant in
the case of CW oscillation, or so that the amount of light remaining in the analysis region is sufficiently attenuated in the case of
pulsed oscillation. The calculation stability can be judged by whether the stability coefficient value converges at 0.001 or less. The
output results are evaluated for the last step of one cycle in the CW oscillation, and for all steps from the start of oscillation in the
pulsed oscillation.
The light source is not completely transparent and interferes to some extent with reflected light. To prevent this effect, the light
source can be placed far away, or a scattering field (ksct=1) can be used, or pulsed oscillation (kpls #0) can be used, etc.
If an execution error occurs, please check the following items.

a. Do input numbers contain half-width ones?

b. Is the right edge of an input number aligned with the right edge of the variable label (or the * mark) above?

c. Isthe type of input digits (integer type or real number type) correct? An integer type is without a decimal point, and a real

number type with a decimal point.
d. Are there any numbers not specified in km, kb, or kf specification fields?
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