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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 o W _ifort runtime 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. IOMEREBINTOIEL. T SUSB AR R

4 . Uninstallation procedure | Unregistered! Con't findl USB-congle!

Delete the folder Ws_soft.
5 Restriction on use
« |If aregistered USB dongle is connected (or MAC address is registered) and the corresponding 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 D 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 Wsr.exe

(— Input file

[ wsr.dat ] <

(Required) Basic input data

r— Subsidiary data ™

External Optical-
constant dispersion data

[ sub.dat ]

External Shape Data

\. J
. J

[ afm.exe ]

Converting AFM data
to sub.dat format

|[ crv.exe ]

Converting a spherical
shape to wsr.dat format

| )

Execution file

[ wSsr.exe J

Calculating and generating
(overwriting) the output files

in the same folder by clicking.

[stch.exe]

Editing and performing
continuous calculations

Output file

Detected output data

wsr.out JBasic output data (WSI‘l.OUt J (edited by Wsbch.exe and
visualized by Excel)

Diffractive efficiency outputs of reflection and transmission

wsr2.out J for -1st, zero-order, and 1st-order (x,y-direction)

and lower surfaces (visualized by Wscnt.exe)

Output for wdx X wdy>0

Far field intensity distribution data from upper
1_far.out
( eps.out J Spatial Harmonics distribution (visualized by Wscnt.exe)

Refractive index Material number Light intensity Light absorption
distribution distribution distribution distribution

. Output for wdx>0
n_xz.out m_xz.out 1_xz.out a_XZz.0ut |, cross section)

n_yz.out m_yz.out 1i_yz.out a_yz.out |puPuiornd=0

(yz cross-section)

(xy cross-section)

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

-

n_xy.out m_xy.out 1_xyout a_xy.out |[Outputfor wdxxwdy>0

~

J

1]

[Wscnt.exe ] Visualizing output data




3. Contents of output files

wsr.out :

wsrl.out :

wsr2.out :

n_xy.out :

k_xy.out :

i_xy.out :

a_xy.out :

i_far.out :

Main 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 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).

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_MO01(light amount flowing in from all boundaries of specified material 01, i.e., absorbed light
amount),Inflow_MO01_ - x to +z (light amount flowing in from each boundary of specified material 01).

Extracted calculation results, diffraction efficiencies for diffraction orders from -1stto +1st. R(?, ?): Reflective diffraction efficiency (order in x-
direction, order in y-direction), T(?, ?) : Transmissive diffraction efficiency (order in x-direction, order in y-direction).
m_xy.out : xy cross-sectional distribution of material numbers. The results of the upper and lower boundary surfaces of each layer are overlayed from
the -z side to the +z side. 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.

Xy cross-sectional distribution of refractive indexes. The results of the upper and lower boundary surfaces of each layer are overlayed from the -z side
to the +z side. 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.

xy cross-sectional distribution of extinction coefficients. The results of the upper and lower boundary surfaces of each layer are overlayed from the -z
side to the +z side. 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.

xy cross-sectional distributions of light intensity (i. e., magnitude of Poynting vector3). 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) distributions of light intensity. i_yz.out : yz cross-sectional (x=csx)
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.

Xy cross-sectional 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) distributions of absorption. a_yz.out : yz cross-sectional (x=csx) 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.

Far-field intensity distributions (-z side and +z side in the order). The image can be displayed by Wscnt.

eps.out : Spatial harmonics distribution. Calculated results for all layers are superimposed. The image can be displayed by Wscnt.

X For ity=0, 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 detaile, see “How to use Wsems”.

(2) Method by clicking wsbh.exe directly
_|: Wsems — Wsr.exe, Rename, overwrite, The vertical alignment of wsb.dat is easier to be edited if the font is

and click Wsr.exe X ; Y .
set to Courier New in Notepad. However, note that it is not possible to
Samples —220401-wsr— W distinguish between full-width and half-width spaces.

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

@ Uncheck the box File list box
File pattern
[ B wsr 7 wsems @ Click the Run button — A _ o x
Mem Lap(s) — — Process ward7 dat =d [fia—L] | G |
Now * Exec mz:ggﬂ:: [
Max fix 0 war 10 dat 5 We_soft
| Las o oy |l s
| T wer 13 dat
_ Lng Beep Run | Pth | Replace || Skip WV’[ - S“ﬁ‘ed;']eu_ - “_l— Tcut ner s
f - 0 min  Exit Clip (&) | ﬂﬂﬂ 1-12.25-36 . .
| Ex€ |rsrexe Eop | e - LEl l:i“l (l? (1:3 L’l:4 Add |ﬁ Shh ~ % " [*out i i
| Mms%ﬁ AUtomatha”y I | ¥ |wsrout strlnut Ii_xznut Ii_xynut i_farout Im_xznut%m)| AUtomatlca”y C0p|ed
f copied by ( £A__ TBT T L l b © i € L Y )after calculations are
L[] ] DZ¥WS_Sth¥SamD|ES%§UﬁU]—WSI’¥ . wer 01 dat ) \ # |wsrliota wer01oth wer0 1 otc wer 01 otd werl ] ote wer 01 otf wzrl(llote
[~ 002 |D¥Ws_soft¥Samples¥230 l—wsr@peratlon @ resdddai—-=7 \ ¥ |werl2ota wer 02 oth w02 ot wer 02 otd w02 ote wer 02 ntf wzr(2ote Completed
@ After clicking the box and selecting @ At first, write directly such like “wsr.dat” after clicking
the file pattern, select the wsr.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
in the same folder start in
linkage with the execution of
wsr.exe, and the calculation
results of i_xz.out ori_yz.out
are displayed in real time.

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 /Jz/

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.

\

. Wsf_cnt
Draw 4 > Stop Exit Path  Replica E]
O Str. 91 10 5)|@Eng O Jpn | Copy = Print max 5.150e+3
ird's eve Step min 0.000e+0
— 50  Fine Sum 0.000e+00
— 100 Max 5.376e+03 [ Fix
— 0 Min 0.000e+00 [ Fix
O Line = . | Sd [f1-4] V|
Level 7 =
[l Color & |:|. S D¥
. . £ One APT
L 1_ ] .. 5 WS _zoft_source
[¢] U/D_Reverse o D. CWsems
[0 R/L_Reverse o |:|. bin w
[] Height meter s |:|. ] Fioture é 0
vl tion line [ Text I
[l Gradient cola! \O D. N
1z out %,
Width Amp g P
.s 29900= 1.0 @ :l_x?.out
T L . ) ixz_t.out
Picture 1002
size = (N mx?out
[ Restricted view w
Label 20} Numb 133 Meter 13}% Structure line
- Level width color
lected file |Regu|ar v||@F'|r|a| v| 2 1=z [2][Black - -1
A CQHOne APTEWS_soft_source¥WeRms¥bin¥Debug¥ iz tout > = 51
% HOned PEWS soft_source¥ me¥bin¥Debug¥m_xzout » = 1
Syne i N\ Moo 1 0
|R“‘t V| ¥ /\ z-axis / B 00 1 0
Title Cent Sift Unit Deci
B D¥TneAPEWS soft_source¥Weems¥bin¥Debug¥ixy tou » = 1
g D¥OneAPEWS_soft_source¥Weems¥bin¥Debug¥m_voun > « 1
Syne x—axis O oo 500 03
[Rect |y . O oo Son 02
C > ox 1
E > x 1
Syne w—axis O o0 500 (0)s
| V|)’ y—axis O oo s00 0ke




0. Input rules for input file (vvsr09.dat) The following pages can be ignored when using Wsems.

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 * hm tre wh)(um)
decimal point (5 or less digits) is a real number type. @ BH00 1.00 [ _J0:1500

A full-width space is contained.

Full-width digit.
* wdx‘(um) wdy(um)  dxy|(um)
@ 1. 500 1.500  0.020
A . .
sk wsr. dat Examples of incorrect input. The right edge of the input number deviates
@ * 5hl(1)1 ;1"8 OWB (um) kfé (0, 1) kO(t) itg from the right of the variable label above.
@ * wdx|[(um)  wdy|(um)  dxy|(um) dz|(um) @ * krﬂ ?L205Namj lkg‘ arll
3.0 0.0 0.01 0.01 ;
" :
O_LS‘Z(“‘“) O_tg(deg) O.f(l)(deg) O?g(deg) f Integer type is put into real number type.
Beyond the 8-column range. . i .
* alx aly sx0(um)  sy0|(um) Real number type is put into integer type.
0.3 0.3 0.0 0.0
* stx/(um)  sty/(um)  csx|/(um)  csy|(um) * kbl k1| km kp tk| k *
0.5 0.0 0.0 0.0 1 0 0 O 0.400 0o 0
@ k km % Name| ko an ab ak @ 2l 0 0 O 0.50 1 0
1 Ta205 1 1.0000 0.00[  0.0000 30 0 0 0.10[ 1
2 -Al 1 1. 4500 0. 00 0. 0000 4 0 0 O 0.50 1 0 \
* kr * k k ps|(deg)  px|(um) py|(um) wx|(um) wy|(um) sx|(um) sy|(um) Xp
1 0.0 1.50 1.50 0. 500 0. 50 0. 00 0. 00 0.0 The right edge of the input number deviates
* ki kg kg k k ps (deg) pX (um) py(um) WX (um) WY(Um) SX| (um) sy(um) Xp| X from pos|t|on of the * mark above
1 0.0 0. 00 0. 00 0. 50 0.50 0. 000 0. 00 0.0 0.0
2 - 0.0 0. 00 0. 00 0. 60 0. 60 0. 000 0. 00 1.0 0.]
* kbl k1|l km kg K kE| | oH | % % x sk x k ok ok k% % % % % %
@ 1 0 0o o 0.4 o | o
2 0 0.5 110 L
3 0 0.1 1 2 * kb| kl| k kp t ki X
4 0 0 0 0.5 1 0 1 0 0 0 0. 40 0 0
@ ol o o o 0.50 1
3 0 0 0 0.100 1 2 ) L .
@ To interrupt a calculation in the middle of layers,
a4 0 o 0o 050 1 insert a line leading "C* at the interruption position.




Compute time Calculations are in a convergence process for 4~7, and in

7. Contents of wsr.dat (Werl.dat),@ ;

a near convergence for more than 20. When a metal is
included, calculation convergence oscillates.

In the case of metals, the convergence
4 is slightly less oscillatory than for even.

eps.out

x-axis Most expanded distribution of spatial X-axis

harmonics, visualized in 2" Wscnt.

@ Harmonic Number Ratio. The larger tiz}bse’lu/te value, the more accurate, but the greater the
** wsr. dat . computational load. Normally set to 4.0 to 7.0.
* [ hm tre ]\wb(um) kf1/(0,1) kot ity >0 : Harmonics number is an, rounding up |hm|* (wdx+2%wb) /Lam or |hm|* (wdy+2%wb) /Lam.
5.0 2.0 0.0 0 0 <0: Harmonics number is an even value (i.e., cited odd value —1).
* ng (um) ng(um) Odgi] (um) 0 g? (um) trc Truncation factor (>=0) that works only for 3-D problems. If =0, it is treated as no truncation.
: Co ) The smaller the coefficient, the more accurate, but the greater the computational load.
* Lam/(um) th/(deg)  fi|(deg)  gml(deg)
0.75 0.0 0.0 0.0 Normally set to 1.0 to 3.0.
* alx aly sx0/(um)  sy0|(um) The optical shape represented by the refractive index distribution reflects the spatial harmonics distribution
1.0 1.0 0.0 0.0 (eps.out) of the electromagnetic coefficient € on the xy-section, with square shapes having a cross-
* stx(um)  sty/(um)  csx|(um)  csy|(um) shaped distribution and circular shapes having a concentric circle distribution (see "Calculation Principles
K 2' 0 Name Oi{g o.ag Oé(b) ak and Examples"). The cross-shaped distribution corresponds to trc=10 and the concentric circle distribution
Sequential numbers 1. 0000 0.00  0.0000 corresponds to trc=1.0, and the size of trc can be predicted by the distribution shape.
e (Gog)  oxum) ) (um) (um) (um) (um)
from 1 (no more deg px|(um py|(um wx|(um wy|(um sx|(um sy|(um, Xp
than 4 digits) 1. 50 1. 50 0. 500 0.50 0. 00 0. 00 0.0 Large error Small error .
k (deg)  px{um)  py(um)  wx(um)  wy(um)  sx(um)  sy(um)  xp XT Small memory consumption Large memory consumption
0. 00 0. 00 0. 50 0. 50 0. 000 0. 00 0.0 0.0 H ; P P
mall calculation tim Large calculation time
0. 00 0. 00 0. 60 0. 60 0. 000 0. 00 1.0 0.0 Sma Aca culation time g N
% %k % % k % % % % % % % k % % %
0
0
7.681e+0 : ) 5.659e+0 .
mﬁi‘ 5_1452-4 trc>2 is possible \%" 1_646?3 trc<?2 is better
V' K
2 T HBKI=D) 20 1 HEKki=2) Matrix size (1D) 0.71 1.43
L Matrix size (2D)
10 10 = Memory 81ze or h2 2.04
e
fany e
[72] 2] “ \“ \\\
£ < g A oA i 1.0
i3 & g N, .
42 oo
Shape of spatia -
-10 -10 harmonics (eps.out)
Matrix size (1D) 1
=20 -20
20 -10 0 10 20 20 -10 0 10 20 Matrix size (2D) <O_ 2 O/% 2 1




8. Contents of wsr.dat (wsr02.dat), 0.7s

max 8.334e+1
km=2 min 6.000e-3

*k wsr. dat
* [ hm tre ] wb{(um)  kf1[(0,1) kot ity
C 5.0 1.0 0.0 0 0 0 @ r\ \ f
* wdx|(um)  wdy|(um)  dxy|(um) dz|(um) E 0.0 1 N e 5
0. 01 0. 01 N Alr &
* (deg)  fil(deg)  gm|(deg)
0.0 0.0
* sx0|(um)  sy0|(um) 05 0.0 05
* o)  osylm) xaxs
um csx|(um csy|(um .
0.0 0.0 i xz.out & m xz.out
* an ab ak
1. 0000 0. 00 0. 0000
1. 4500 0. 00 0. 0000
* kt psl(deg)  px|(um) py|(um) wx|(um) wy|(um) sx|(um) sy|(um) Xp
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
2 0.0 0. 00 0. 00 0.50 0.50 0. 000 0. 00 0.0 0.
-2 0.0 0. 00 0. 00 0. 60 0. 60 0. 000 0. 00 1.0 0.
* kl ki tk| kf * * * * * * * * * * * * * * *
0. 25 0 0
0.10 1 0
3 0 0. 25 0 0

If hm and trc are set each large and small, the analysis results
will approach the true value, but the computational load will
increase significantly, so a compromise should be made where
the change in the results for different values of hm or trc is small.

Z-axis

The RCWA method stands for rigorous coupled wave analysis,
which has the modifier “rigorous,” but approximations exist, in
reality, because the lower-order components of spatial harmonics
are extracted to create a convolution matrix in the expression for a
refractive index distribution. The extraction method is based on the
limitation of diffraction orders (limitation of the harmonics number
by hm), and in 3D analysis, the limitation in spatial orientation
(limitation by trc) is also added. A size of trc can be estimated by
the distribution shape of spatial harmonics (results of eps.out). In
an actual use, hm =4 to 7, trc=1.0 to 3.0.

0.0

max 3.425e+1

km=1 min 9.478e+0

B

)

(Y
-y

a

5E v
FO~—— UU

B

N

e

-0.5

0.0
X-axis

0.5

I xz.out & m xz.out

* © O 0

0.58

0.56

0.54

0.52

Transmissivity
o
[8,]
o

048

046

044

0.87

o
0o
@

Transmissivity

0.85

0.84

B e e g

AN
convergent almost convergent
~ process
——AL_odd(hm>0)
tre=1.0 AL_even(hm<0)

5 10 15 20 25 30 35 40 45 50
Harmonic number rate |hm]|
convergent
process almost convergent
)'7‘!(
//
/ ——Ta205_odd(hm=>0)
tre=1.0 Ta205_even(hm<0)
5 10 15 20 25 30 35 40 45 50

Harmonic number rate |hm|



9. Contents of wsr.dat (wsr03.dat), 3s

max 7.676e+3
km=2 min 1.300e+1

k% wsr. dat
% hm tre wbi(um)  kf1/(0,1) kot ity
5.00 @00 0. 000 0 0 02
* wdx[(um)  wdy|(um)  dxy|(um) dz|(um) ®
1. 500 1. 500 0.010 0.010 N
* Lam/(um) th/(deg)  fi|(deg)  gml(deg)
0. 750 0. 00 0. 00 0. 00
* alx aly sx0|(um)  sy0|(um) 05 0.0 05
1.00 1.00|  0.000[  0.000 x-axis
* stx|(um) sty|(um)  csx|(um) csy|(um) .
0. 000 0. 000 0. 000 0. 000 I xz.out & m xz.out
Q an ab ak
1. 0000 0. 00 0. 0000
1. 4500 0. 00 0. 0000
ps|(deg)  px|(um) py|(um) wx|(um) wy|(um) sx|(um) sy|(um) X
0.0 1. 50 1.50 0. 500 0.50 0.00 0. 00 0.0
ps|(deg)  px|(um) py|(um) wx|(um) wy|(um) sx|(um) sy|(um) X
0.0 0. 00 0. 00 0. 50 0. 50 0. 000 0. 00 0.0
0.0 0. 00 0. 00 0. 60 0.60 0. 000 0. 00 1.0
(um) kf| % kx k ok ok ok ok ok %k ok ok ok ok ok ok ok ok ok
0 0
1 0
0 0
almost convergent -
0.70 T8
max 6.331e+3 NN se-0—0—0—0 - _
km=1 min 2.874e+2 il | —e
7
—e—Rect(kt=1) ?I—'IT
" 0.69 —e—Circ(kt=2) 65 £
= Fny —e—Comp. time g
N = SR
un ]
vy
'E 068 s E
—
05 0.0 0.5 5 _ almost convergent o
X-axis Ir—E 3 =
. 3
i xz.out & m xz.out 067 , &
km=1(Ta205) . S
hm=>5 —e
0.66 0
0 1 2 3 4 5

Truncation factor trc

Transmissivity

0.20
0.88
0.86
0.84
0.82
0.80
0.78

Transmissivity

0.76
0.74
0.72

0.70

0.86

0.84

0.92

14
o
o

e
%
%

e
to
[o)]

Q
to
B

convergent | . 10002
process almost convergen
¢ >«
1000
100
—e—trc=2.0
trc=1.4
10
—eo—1irc=1.0
—o—1irc=0.5
—e—Comp. time
1
0.1
0 5 10 15 20 25

Harmonics number rate hm

almost convergent

convergent process
>

»
Ll |

»d »

almost convergent

L |
convergent process

»

—e—Rect(kt=1)

km=2(AL) —o—Circ(kt=2)

hm=5

1 2 3 4 5
Truncation factor trc

1.0)

Computing time (sec, trc



10. Contents of wsr.dat (wsr04.dat), 38s

Memory consumption is T4 0

small in layers of uniform
refractive index, and it is
automatically saved in
wsr. However, for wb>0,
the memory savings do
not work because the
refractive index
distribution is not uniform
due to the absorption of
the boundaries
(Compressed memory
rate becomes 1.)

Without ABC*
whb=0.0
kfl=0

4

Z-axis

(Wb Absorbing boundary width (um). =0 is for no absorbing | 1 he general RCWA method assumes periodic
sk wsr. dat boundaries. The larger the value, the more non-reflective boundary conditions and no absorbing boundaries.
£ hm tre wolam) KEL, ) kot )| E*[‘)e tt))ounc.iarles.?rr]e, ?“tbthes.mmé”t Ozca_'cu'a“o” Increases . | The incident light source is also limited to uniformly
5. OM( 2.0 0 0 o] g D::vvx\;ilggvv\nlthzl;ssrs;)nrgIt:]gun?jirrliez“e& distributed one. In wsr, both absorbing boundaries
wdy|(um) dxy[(um) dz[(um) et . . _' X i i i
0.0 0.01 0.01 \ kot Distributions such as intensity, absorption, and refractive and d'S_t”bUted |'ght sources can be set. When
* Lam(um)  thl(deg)  fil(deg) gm|(deg) index are output in a maximum of (kot+5) digits. absorbing boundaries are set up, the problem of
0.5 5.0 0.0 90. 0 ity Definition of intensity distribution. aliasing is eliminated, and the analysis space can be
* alx aly sx0l(um)  sy0|(um) B T S @ PO YEETn, significantly reduced. On the other hand, since
0.2 1.0 2.0 0.0 =1 : electric & magnetic fielf intensity, b . . d h b bi b dert
S stx{(um)  sty/(um)  esx|(um)  csy|(um) =2 : electric fielf intensity, =3 : magnetic fielf intensity. el _sorptlon_ls measured at the a SOrRing DOUmeres,
0.0 0.0 0.0 0.0 . it is not suitable to calculate transmittance and
*km *  Namg ko an ab ak reflectance over the entire analysis area.
1 -Si02 1 2. 0000 0. 00 0. 0000
24 -Al 1 2.0000 0. 00 0. 0000
* kn * kd  kt psl(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  km kv kd| kt psl(deg)  px|(um) py|(um) wx|(um) wy|(um) sx|(um) sv|(um) Xp X
W 1 0 0 1 0.0 1. 00 1.000 0.50 0.50 -0. 000 0. 00 0.0 0. 8‘
2 2 o 0 4 0.0 2.00 2. 00 1.00 1.00 0. 000 0. 00 0.0 0.0
* kb k1l km kp tk  kf * * * * * % * * * * * * * * * *
1 ﬁ 1 0 5. 00 0 0
2 o 0 5. 00 0 0
small aliasin absorbing
large aliasing & 1349645 boundaries
max 3.347e+4 max 1.349e+5 max 1. e+
min  0.000e+0 , min  0.000e+0 min 0.000e+0
W With ABC* v With ABC*
\ wbh=2.0 4 I wh=2.0 4 (
Do Kfl=0 kfi=1 bl
N =
== s 0
N N
- -2
2 wh | dx b
-4 -4 v
6 4 2 0 2 4 6 6 4 2 0o 2 4 6 absorbing 8 6 4 -2 0 2 4 6 8
x-axis x-axis boundaries X-axis

i xz.out & m xz.out

(*) ABC=Absorbing Boundary Condition



11. Contents of wsr.dat (wsr05.dat), 939s

(\wdx Analysis width in the x direction (um). wdx=0 becomes a 2-dimensional problem.
% wsr. dat The center of the width is the positional basis for the light source and structures.
* hm tre whb|(um)  kf1[(0,1) kot ity The larger the width, the larger the number of harmonics required.
5.0 1.0 0.5 0 0 0 | wdx Analysis width in the y direction (um). wdy=0 becomes a 2-dimensional problem.
[* wdx|(um)  wdy|(um)  dxy|(um) dz|(um) ]_,/b The center of the width is the positional basis for the light source and structures.
2.0 2.0 0.01 0.01 The larger the width, the larger the number of harmonics required.
* Lam|(um) thi(deg)  fi|(deg)  gm|(deg) dxy Grid interval in x/y direction (um). The actual interval is optimized to be close to that
N 2-1 i 2-1 3 S‘Xg (um) 92-3,8 (um) and displayed in wsr.out. The value should be less than 1/10 of the wavelength.
0.4 0.4 0.0 0.0  dz  Grid interval in-z direction (um). )
* stx|(um) styl(um)  csx/(um)  csy|(um) 'g
0.0 0. 0 0.0 0.0 <4
* ki * Name| ko an ab ak
1 -S5102 1 2. 0000 0. 00 0. 0000
2 -All 1 2. 0000 0. 00 0. 0000
* k * k 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
* k k k1 k kt psl(deg)  px|(um) py|(um) wx|(um) wy|(um) sx|(um) sy|(um) Xp X
1 T‘ § 0 1 0.0 1. 00 1. 000 0.50 0.50 —0. 000 0. 00 0.0 0. g‘
2 2 0 4 0.0 2. 00 2. 00 1.00 1. 00 0. 000 0. 00 0.0 0.0
1 0 0. 60 0 0
2 0 0. 60 0
3 0 0. 60 0
L
§
N

0.5

0.0

-0.5

0.5

0.0

max 3.930e+5

min 8.000e+1
A
wdx B
v
0.5 0.0 0.5
X-axis
i_xy.out (1stin Wscnt)
max 3.930e+5
min  4.330e+3
A
—>
v
05 0.0 0.5
. X-axis

I_xz.out



12. Contents of wsr.dat (wsr06.dat), 941s

*k wsr. dat
% hm tre wbl(um)  kf1[(0,1) kot ity
5.0 1.0 0.5 0 0 0
* gdg (um) gdg (um) Odéi] (um) 0 gf (um) Lam Wavelength (um).
= L'am(um) .th(deg) = (@) - g || th  Azimuth angle of incident light with z-axis (deg).
[ 05 90 00 90 0 ]// fi Argument angle of incident light with x-axis
* alx aly sx0/(um)  sy0|(um) in xy-plane (deg).
0. 4 0. 4 0.5 0.0 gm Polarizing angle of light source that the electric field
* stx|(um)  sty|(um)  csx|(um)  csy|(um) vector makes with the x-axis in xy plane (deg).
0.0 0.0 0.0 0.0
* km %k Name| ko an ab ak
1 -S5102 1 2. 0000 0. 00 0. 0000
24 -Al 1 2.0000 0. 00 0. 0000
* kn * 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  km| ki kd| kt ps/(deg)  px|(um) py|(um) wx|(um) wy|(um) sx/(um) sy|(um) Xp X
1# 1 § 0 1 0.0 1. 00 1. 000 0.50 0.50 —-0. 000 0. 00 0.0 0. %
2% 2 0 4 0.0 2.00 2.00 1. 00 1. 00 0. 000 0. 00 0.0 0.0
* kbl kI km kp tk|  kf * * * * * * * * * * * * * * * *
1 0 0. 60 0 0
z 0 om0 0 T
3 0 0. 60 0 0

th=20.0

e TS

0.5 0.0 0.5
X-axis

i xz.out

sinBy

sinBy

max 5.862e-3
min 0.000e+0

-1.0
-1.0-08-06-04-0200 02 04 06 08 1.0
sinBx
i far_out Far-field intensity distribution from
the air side, 1st picture in Wscnt

max 2.297e-4
min  0.000e+0

o @\

-0.2
-04
-0.6

-0.8

-1.0
-1.0 -0.8 -06 -04 -02 00 02 04 06 08 1.0
sinBx
i far.out Far-field intensity distribution from

SiO2 side, 2 picture in Wscnt



13. Contents of wsr.dat (wsrQ7.dat), 828s

The full width at half-maximum is effectively
larger because the outer edge intensity is

_ lifted up compared to the cos intensity max 148547 g|x=gly=0.0
While conventional RCWA methods are limited to a iy SEillng eiher then LY distribution. To match this width to that of
uniformly distribution for incident light, in wsr, a il geryerate dlffractlpn the cos intensity distribution, a setting of 80%
distributed light source can be set. orders in the' source light- size is preferred. o0
(alx LigHt source spread in x-direction (um). ) v
#k wsr. dat =19 : uniform distribution. § 00 -
* hm tre wbl(um)  kf1/(0,1) kot ity 0 “\Minimum x-width. =
5.0 1.0 0.5 0 0 01 \=0-1 /full width half maximum in x direction =@HZ§§.
* ‘;’dg (um) gdg (um) Odgi’ (um) 0 8? (um) aly Light source spread in y-direction (um). 09
% Lam(un) thideg)  fil(deg)  gnl(deg) fl.O un.lfc_)rm dlstrlputlon.
0.5 0.0 0.0 90.0 / =0.0 : Minimum y-width.
7 = E SO syO[tam) =0-1 : full width half maximum in y direction = wdx*alx. 05 0.0 05
[ 0.5 ‘& 0.0 0.0 sx0 Shift length of light source center in x-direction (um). e 1951058 g iax'ls _0.2
* stx/(um)  sty/(um)  csx/(um)  csy|(um) \syO Shift length of light source center in y-direction (um). AN mn_oooceso A1X=aTY=0.
In the conventional 0.0 0.0 0.0 0.0 cos distribution
RCWA method, the *  Namg ko an ab ak
seiilan o el @ -Si02 1 2. 0000 0. 00 0. 0000 05
P T -All 1 2.0000 0. 00 0. 0000
light is limited to the * kd  kt ps/(deg)  px|(um) py|(um) wx|(um) wy|(um) sx|(um) sy|(um) X "
top surface. In wsr, 0 0.0 1. 50 1. 50 0. 500 0.50 0.00 0. 00 0.0 % 00
it can be set at any km|  kr|kd  kt ps(deg)  px|(um)  py[(um)  wx|{(um)  wy|(um) sx|(um) sy|(um) X X >
desired position. 1o 0o 1 0.0 1.00]  1.000 0.50 0.50/ 0. 000 0. 00 0. 0.
2 0l 0 0.0 2. 00 2.00 1.00 1. 00 0. 000 0. 00 0.0 0.0 05
kl km kp tk|  kf * * * * * * * * * * * * * * * *
1 a 0 1. 00 0 0
0 1. 00 0 0
-0.5 OAO' 05
X-axis
max 3043e+5 glx=aly=0.5
| i alx=aly=0.0 B i alx=aly=0.2 o B dammgalx=aly=0.5 o s 4
05 05 widx > 05 widx _
wdx/5 wdx/2 "
& 0.0 & 0.0 § 00 >
-0.5 I -0.5 -0.5
10 L 10 10 05 0.0 05
-0.5 0.0} 0.5 -0.5 OAO' 05 x-axis
X-axis X-axis i X out
1_xz.out

Intensity distribution at the source
position, 2" picture in Wscnt



max 8.221e+2

min 0.000e+0
14. Contents of wsr.dat (wsr08.dat), 0.7s B5 ¢
When up/down is set to a B3 0.5 5
reversal mode in Wscnt, |B1 B2 Air =
“up” is correspond to -z B4 2 0.0
% wsr. dat side and “down” is to +z i -
* b tre whj(um)  kf1)0,1) kot ity side. B6 Al Al
5.0 1.0 0.0 0 0 0 05
* wdx[(um)  wdy/(um)  dxy|(um) dz|(um) ) stx=10.00
3.0 0.0 0.01 0.01 -
* Lam|(um) thi(deg)  fil(deg)  gml(deg) stx Shift length of overall structure center in x-direction (um). 15 10 -05 0.0 0.5 1.0 15
0.94 0.0 0.0 0.0 Not applicable for light source position. max 2.384e+2 x-axis
* alx aly sx0[(um)  syO0[(um) sty Shift length of overall structure center in y-direction (um). B =
0.3 0.3 0.0 0.0 Not applicable for light source position. 05 2= ial 1
[ * stx|(um)  sty[(um)  csx|(um)  csy|(um) ] csx Cross sectional position of graphics in x-direction (um). ' . (e
0.4 0.0 0.0 0.0 csy Cross sectional position of graphics in y-direction (um). * it .tl (<
* km % Name| ko an ab ak! = 00 [T ——
1 Ta205 1 1.0000 0. 00 0. 0000 E ’
2 -Al 1 1. 4500 0. 00 0. 0000 g
* kr * kd  kt psl(deg)  px|(um) py|(um) wx|(um) wy|(um) sx/(um) sy|(um) Xp 05 Outflo /
1f 0 4 0.0 1. 50 1.50  0.500 0. 50 0.00 0. 00 0.0 7| stx+0.50 |materigl2 (@ \
* kfl  k kr kd|  kt psl(deg)  px|(um) py|(um) wx|(um) wy|(um) sx/(um) sy|(um) Xp X v
1 q a o0 2 0.0 0. 00 0. 00 0.50 0.50 0. 000 0.00 0.0 0. 8‘ -15 10 05 00 O 50 tﬂ1 Of 15 rorial 1
2 2 o -2 0.0 0. 00 0. 00 0. 60 0. 60 0. 000 0. 00 1.0 0.0 Efficiency at material 1 . XéLaX'S utflow from materia
* kbl kI km kp tk|  kf * * * * * * * * * * * * * * * * Divergence/absorption o _ I xz.out & m xz.out
1 o 040[ 0 0 Diffraction efficiency Laver number cfficiency at material 0 [ Efficiency at material 2
2 0 0. 50 1 0 for reflection /
3 0 0.10 1 2 Diffraction order Diffraction efficiency Efficiency for *}%rieme( ) /aksorptions (+) at ldterlals /
4 0 0. 50 1 0 in y-direction for transmission . R+T+A an (00) an 1) an (02)
Harmonics number(x/y-axis) Diffraction order \ Absorption \ Efficiency / L= 1/ 4 0.249491 0.000000 0.000000 .
f in x-direction efficiency for R +T L= 2/ 4 -0.221179 0.276730 0.000000 Zgzil :g'éﬁgfy for
#%% Copyright (c) WS-soft. All riglits reserved. Revised on 2022/01/01. sk ka&tlve p$er dlstrlNlons & & ¢ Splut\on Of L= 3/ 4 0.007123 0.004472 0. 064428 Absorbing efficiency
Analyzed range (x/y/z) = 3.0/ 3.00/ 1.50 (um) eigenvalye L= 4/ 4 =0.004732 -0.269043 0.000000 / outflow (-) and inside analysis
GridySize idx/d jd o . 8/****;{**/ . 0'100( ) _ -15 0 0. 00E+00 -9. 67E-06 0. 00E+00 0.00E+00  -9.67E-06 problems and Total ™ (R 0.0 6 (0E inﬂOW (+) at boundaries
y/dz . - um), m= 8 -14 0 0. 00E+00 -3. 71E-05 0. 00E+00 0.00E+00 -3.71E-05 alignment of % Flows T analytic boundaries (out:—, ini+) analysis boundaries
Harmonics factor hm/trc=(5.0/1.00,> Harmonics number (x/y)= 15/ 0 trices ows Lrom analytic boundariestout:= in-+)...
Vatrix size (1D)= 31,  Truncation rate=l.000 15 0 0008400 541505 0.00B400 0.00+00 5.AIEG5 - = - Y - v Total Absgged
# Structural matrixes.. Calculation of convolution matrix, structural matrix n o Ref(wz) tbsp  Trn(+2) et R Guided 0.035934 —0. 035934 0.000000 0. 000000 0. 275673 —0. 617036 0. 892709 0. 107291
L= 1/ 4 Homogeneous index layer 0. 00sec Total  0.617036 0.107291 0.275686 0.892723  1.000013 —0.000013 * Naterial boundary flovs (out:~ in:+) and divergence () /absorptions(s). .. ) o
L= 2/ 4 Mixed index layer 0.00sec  Structural matrjx of + Intensity distributions... -x +x -y +y - +7 Total Material No./Optical index Name
L= 3/ 4 Mixed index layer 0. 00sec each |aye|’ L= 1/ 4 0. 06sec Total efﬂciency N 0. 180900 70. 233539 0.000000 0.000000 _0. 301519 0.384862 0.030703, an(OO); 1. 00000 ak(OO); 0. 00000
L= 4/ 4 \Mired index layer . il L9 0, Obeee Efficiency of 0.194673 0. 130439 0.000000 0.000000 -0. 185548 0.133472 0.012159, an(01)= 2.10205 ak(01)= 0.00000  Ta205
+ Conpressed memory rates... Compression ratio of memory at each lalyer L= o.01sc  Solution of wave lateral diffraction 0.003698 ~0.015293 0.000000 0.000000 ~0.001898 0.077921 0.064428, an(02)= 1. 73131 ak(02)= 8.59626 Al
t i i ; i ((; ;IZZZ;E MerTlo.ry lconsumfptio.? Is L=a/t 0- 06sec §g|liiﬁ|;’[?§nag]9 (()U;[ﬂ(iwb(-) a(?d .inﬂof Transmitted Reflected Absorbed Rest 01/lower—in  upper—out absorbed 02/lower—in  upper—out absorbed
L=12/ 4 o 499935/ fg?fac:f?veai)/ﬂe(:irzxo aLr':Zl l?rlrsn ||ght distribution e;cl'? ma(t):rri]alaa”r?j 0 2. 7567E-01 6. 1704E—01‘ 1.0729E-01 1. 5149E—08‘ 1. 3347E-01 1.8555E-01 1.2159E-02 \7. 7921E-02 1.8981E-03 6.4428E-02 ;
L= 1/ 4 0.257999 ! ' : at each layer  their summation o ) y ) ) ! .
automatically saved in wsr. Total light- amount Light-amount for material 1 Light-amount for material 2
Average 0439451 Total compression ratio of memory L Y J

Excerpt of wsr.out Output to wsrl.out




15. Contents of wsr.dat (wsr09.dat), 22s

*k wsr. dat
* hm tre wb|(um)  kf1|(0,1) kot
5.0 1.0 0.5 0 0
* wdx|(um)  wdy|(um)  dxy|(um) dz|(um)
1.5 1.5 0.01 0.01
* Lam/(um) th|(deg)  fil(deg)  gm/(deg)
0.94 0.0 0.0 0.0
* alx aly sx0/(um)  sy0|(um)
0.3 0.3 0.0 0.0
Calculated as external data stx/(um)  sty[(um)  csx/(um)  csy|(um)
0.0 0.0 0.0 0.0
) * * Name ko an ab ak
If unregistered, only up 1 Ta205) 1/ 1.0000 0.00, 0. oooo]
to two lines can be read. 2 ~ $EAD 1| 2.0000 0.00,  0.0000
/*k/l“ * kd  kt ps|(deg) \ px|(um) py|(um)
. 1# 0 4 0.0 .50 1.50
Calculated as internal data % kfl  km kel kd Kkt psl(deg) | px|(um) pyl(um)
1 q 0 O 2 0.0 00 0. 00
2 2 0 O -2 0.0 0.\00: 0. 00
* kbl k1l km kp tk|  kf * * *
1 0 0. 40 0 0
2 0 0. 50 1 0
3 0 0. 10 1 2
4 0 0. 50 1 0

*

ity

wx|(um)
0. 500
wx|(um)
0.50
0. 60
*

*

0.

y-axis

Corner R is expressed
by setting elliptic
exponent index xp.

wy|(um) sx|(um) sy|(um) Xp
50 0.00 0. 00 0.0
wy|(um) sx|(um) sy|(um) Xp X
.50 0. 000 0. 00 0.0 0. 8‘
. 60 0. 000 0. 00 1.0 0.0
* % % % % % % % %
N

p
km designation field (for optical materials)

same folder as wsh.exe.
ko
=0 : not output, =1 : output.
an Refractive index.
ab

ak Extinction coefficient.

Whether to output detected light amount to wsb1.out or not.

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

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 parameters of ‘an’ are given priority. nk.dat should be created by each user and stored in the

Z-axis

0.5

0.0

-0.5

0.5

0.0

max 2.442e+6

Air Ta205
0
Y
/'
Al

i_xy.out & m_xy.out

max 2.442e+6 (4th picture in Wscnt)

Air \

2
-
il O

. X-axis
i_xz.out & m_xz.out

(3" picture in Wscnt)



16. Contents of nk.dat

Material Line number of
name nk data

/

s CSiD el D

0. 02 0.978 0. 00393 Numerical Data |npUt Rule
8- (O)g 8 26152?2 8 8(}338(3% + 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 wsr.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

Excernt from nk.dat https://www.filmetricsinc.jp/refractive-index-database/Ta205




17. Procedure for defining optical structures

@ Definition of a Base layer
1. setting km and tk
2. entering kf for reference

@ Definition of periodic structures

on a Base layer at Kf specification field

setting km,kd,and kt

** wsr. dat .
* hm tre wb(um)  kf1(0,1) kot ity entering kr for reference
5.0 1.0 0.0 0 0 0 F-:-:-:I
* wdx (um)  wdy (um)  dxy (um) dz (um)
3.0 3.0 0.01 0.01
* Lam(um) ~ th(deg) fi(deg) em(deg) (3 Restriction of periodic structures at Kr specified field
0.94 0.0 0.0 0.0 .
% alx aly sx0(um)  sy0 (um) 1. settlng kd and kt
0.3 0.3 0.0 0.0 2. definition of the restriction shape by setting parameters from ps to xp
* stx(um)  sty(um) csx(um)  csy(um)
0.0 0.0 0.0 0.0 .
% kn %  Name ko an ab ak Restriction range
1 -Si02 1 2.0000 0.00  0.0000 <>
2# Al 1 2.0000 0.00  0.0000
Kr field % Ky * kd  kt ps(deg)  px (um) py (um) wx (um) wy (um) sx (um) sy (um) Xp F-:-:-ZI
(1) 0 2 0.0 0. 00 0. 00 2.50 2.50 0. 00 0. 00 0.0 |
@f field * kKE N kme kr kd  kt ps(deg)  px(um) py (um) wx (um) wy (um) sx (um) sy (um) xp q
@[ 1 o 1 0.0 1. 00 1. 000 0.50 0.50  -0.000 0. 00 0.0 0.0
B 2 4 0.0 2. 00 2. 00 1. 00 1. 00 0. 000 0. 00 0.0 0.0
Q * kb k1l km ko e kf % % % x % x %  * ok ok ok & * % % %
@[ 1 0 0 0 0.60 () q

Base layer of

material No. km and thickness tk

1.
2. definition of structures by setting parameters from ps to xq
3.

1§ pn G000

x-axis

x-axis




18. Contents of wsr.dat (wsr10.dat), 85s

p
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.

i* WS dﬁt . N . py Structure period in y-direction (um). When =0, it is an isolated pattern.
- rg 1r8 OWO um ol 08 ! (3)' wx  Structure width in y-direction (um).
% w;ix (um) w;iy (um) d;(y (um) dz|(um) wy St_ructure width in y-direction (um_). o
3.0 3.0 0.01 0.01 sx Shift length of the structure center in x-direction (um).
% Lam|(um) th{(deg)  fil(deg)  gml(deg) sy Shift length of the structure center in y-direction (um).
0.94 0.0 0.0 0.0 xp Elliptic exponent index for kt=2. Lattice duty ratio for kt=10 to 17.
* alx alyl sx0[(um) sy0|(um) xq Starting point of lattice for kt=10 to 17.
0.3 0.3 0.0 0.0 S 4
See the pages that % I A
follow for relationship * kil *  Name| ko an ab ak Defined inside periodic circles
. . 1 -Si02 1 2.0000 0. 00 0. 0000
with figures. 2 -Al 1l 2.0000 0.00[  0.0000
* kn * kd  kt ps/(deg)  px|(um) py|(um) wx|(um) wy|(um) sx/(um) sy|(um) Xp
1 0 2 0.0 0. 00 0. 00 2. 50 2.50 0. 00 0. 00 0.0
* kit km[ R kd,4<\t ] [ ps|(deg) px|(um) py|(um) wx|(um) wy|(um) sx|(um) sy|(um) Xp xq ]
Referred 11 oco 2 0.0 1. 00 1. 000 0. 50 0.50,  —0. 000 0. 00 0.0 0.0
28 2 o o 4 0.0 2. 00 2. 00 1. 00 1. 00 0. 000 0. 00 0.0 0.0
* kb k1l km kp tk é * * * * * % * * * * * * * * * *
1 - 1 0

7

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).
kr  Restriction shape number referred in kr designation field. kr=0 means restriction free.
kd How to input shape data of structures. =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 400 types (up to 1000 lines for each type).
Selection of shape type. (-kt shows an inverted shape for kt.)
When kd=1, kt=Pattern No. in sub.dat.
When kd=0,
kt=0 No area definition.
=1 Rectangular areas of width wx*wy centered on a square grid position of period px*py.
=2 Elliptic shape of width wx*wy and elliptic index xp centered on a square grid position of period px*py,
where xp = -2.0 to -1.0 for star, = -1.0 for diamond, = 0.0 for ellipse, > 0.0 for square.
=3 Hexagons shape (top/bottom vertex angles) of width wx*wy centered on a square grid position of period px*py.
=4 Hexagon shape (left/right vertex angles) of width wx*wy centered on a square grid position of period px*py.
=5 Diamond shape of width wx*wy centered on a square grid position of period px*py.
=6 Right-angled triangular shape (diagonal 1st quadrant) of width wx*wy centered on a square grid position of period px*py.
=7 Right-angled triangular shape (diagonal 2nd quadrant) of width wx*wy centered on a square grid position of period px*py.
=8 Right-angled triangular shape (diagonal 3rd quadrant) of width wx*wy centered on a square grid position of period px*py.

kt

=9 Right-angled triangular shape (diagonal 4th quadrant) of width wx*wy centered on a square grid position of period px*py.)

Defined outside periodic circles

=10 Linear lattice of period wx, angle wy, duty ratio xp, starting
point xq included in each square grid of period px*py.

=11 Concentrically elliptic lattice of period wx, angle wy, duty
ratio xp, 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, starting point xq included 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 ratio xp, starting point xq included in each
square grid of period px*py.

=15 10-degrees-rotated lattice for kt=14.

=16 Concentrically hexagonal lattice of period wx, angle wy, duty
ratio xp, starting point xq included in each square grid of
period px*py.

=17 30-degrees-rotated lattice for kt=16.

y-axis

y-axis

kt=2

max 1.000e+0
s min 0.000e+0
1.

kt=-2

max 1.000e+0
s min 0.000e+0
1.




19. Contents of wsr.dat (wsrl11.dat), 85s

( 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.

% wsr. dat py Structure period in y-direction (um). When =0, it is an isolated pattern.
% hm tre wbium)  kf1/(0,1) kot ity | WX Structure width in y-direction (um).
5.0 1.0 0.0 0 0 o | wy Structure width in y-direction (um).
* wdx{(um)  wdy{(um)  dxy|(um) dz|(um) sx Shift length of the structure center in x-direction (um).
3.0 3.0 0.01 0.01 sy Shift length of the structure center in y-direction (um).
* Lam|(um) th{(deg)  fil|(deg)  gm|/(deg) xp Elliptic exponent index for kt=2. Lattice duty ratio for kt=10 to 17.
0.94 0.0 0.0 0.0 b
* alx aly sx0|(um) sy0|(um)
0.3 0.3 0.0 0.0 | limited outside a
*o st stylm) - osm) - csyllum circle by setting kr
% kml % Namel ko an ab ak designation field
1 -Si02 1 2.0000 0. 00 0. 0000
28 -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
Referred 1 o (@ ] 0.0 0. 00 0. 00 2.50 2.50 0. 00 0. 00 0.0 ]
* kt km kx| kd Kkt ps|(deg) px|(um) py|(um) wx|(um) wy{(um) sx|(um) sy[(um) Xp|
\1-‘-@? 0 1 0.0 1. 00 1. 000 0. 50 0.50 —-0. 000 0. 00 0.0
28 2 0 0 4 0.0 2.00 2.00 1. 00 1. 00 0. 000 0. 00 0.0
* kbl k1| km kp tk| kf * * * * * * % * * * * * * * * *
1 J j 0‘ 0. 60‘ 1 0 limited inside a

circle by setting kr

kr=0

Ve

kr designation field (for restricting shapes)
The first 4 digits are serial line numbers, up to 1000 lines can be input.
kd How to input shape data of structures. =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 400 types (up to 1000 lines for each type).
kt Selection of shape type. (-kt shows an inverted shape for kt.)
When kd=1, kt=Pattern No. in sub.dat. When kd=0, kt=0 No area restriction.
=1 Restricted by rectangular areas of width wx*wy centered on a square grid position of period px*py.

=2 Restricted by elliptic shape of width wx*wy and elliptic index xp centered on a square grid position of period px*py,

where xp = -2.0 to -1.0 for star, = -1.0 for diamond, = 0.0 for ellipse, > 0.0 for square.

=3 Restricted by hexagons shape (top/bottom vertex angles) of width wx*wy centered on a square grid position

of period px*py.

=4 Restricted by hexagon shape (left/right vertex angles) of width wx*wy centered on a square grid position of period px*py.

=5 Restricted by diamond shape of width wx*wy centered on a square grid position of period px*py.

=6 Restricted by a right-angled triangular shape (diagonal fist quadrant) of width wx*wy centered on a square grid position

of period px*py.

=7 Restricted by a right-angled triangular shape (diagonal second quadrant) of width wx*wy centered on a square grid position

of period px*py.

=8 Restricted by a right-angled triangular shape (diagonal third quadrant) of width wx*wy centered on a square grid position

of period px*py.

=9 Restricted by a right-angled triangular shape (diagonal fourth quadrant) of width wx*wy centered on a square grid position

of period px*py.

J

y-axis

15

1.0

05

0.0

-05

-1.0

-1.5

kr=1 kt=-2

max 1.000e+0
min  0.000e+0

»
R

)3
H

1.5 -1.0 -0.5
X-axis

kr=1 kt=2

0.0 0.

5 1.0 1.5

) max 1.000e+0 designation field max 1.000e+0
min 0.000e+0 min 0.000e+0
15 5
05 : 05 .
2 o}
%00 & 00
ES =
05 05
15 ‘ 15 }
15 1.0 05 0.0 05 1.0 15 15 10 05 0.0 05 1.0 15
X-axis X-axis
m_xy.out



20. Contents of wsr.dat (wsrl12.dat), 1s

0.30

0.30
0. 11180
0. 16268
0. 11180
0. 16268
0. 11180
0. 16268
0. 67082
0. 16268
0. 11180
0. 16268
0. 11180
0. 16268
0. 11180
0. 16268
0. 11180
0. 16268
0. 11180
0. 16268
0. 11180
0. 16268
0. 11180
0. 16268
0. 67082
0. 16268
0. 11180
0. 16268
0. 11180
0. 16268
0. 11180
0. 16268
0. 11180
0. 16268
0. 11180
0. 16268
0. 11180
0. 16268
0.11180
0. 16268
0. 67082
0. 16268
0.11180
0. 16268
0.11180
0. 16268
0.11180

0.30

0. 30

@ oo o —

10

0

0

0

0

0

0

0

0

0

0

0
120
30
1“0
5 0
16 0
17 0
18 0
19 0
20 0
210
22 0
23 0
240
25 0
26 0
21 0
28 0
29 0
30 0
31 0
32 0
33 0
34 0
35 0
36 0
37 0
38 0
39 0
40 0
41 0
42 0
43 0
44 0
45 0
46 0

e e R e e - R R o e o - - R =R RN RCI Ry
e R e e - T R o e e e e R
e R o e e - TR e e o e - R R - RN BRIy

oo
oo
oo

cocoo
cocoo
cocoo

oo
oo
oo

47 0
48 0
49 0

o el el e R R S e R e Tl e ST R R R N e R S L e =)
oo
o
o

10nm bandpass
filter structure
centered at 940nm

p
Base layers
** wsr. dat 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
s ’ b tro whlum)  kF1/0.1) kot it or below the bottom layer is the same ones as the top or the bottom layer, respectively, and then no boundary reflections from there.
’ y - e - - -
5.0 2.0 0.0 0 0 0 kl =1: light source position. If all of ki are 0, the —z-side surface of the first layer for cos(th)>0, or the +z-side surface of the last layer
* wdx{(um)  wdy/(um)  dxy|(um) dzl(um) for cos(th)<0 is the light source position.
1.0 0.0 0.01 0.01 km Construction material number referred in km designation field. km=0 means vacuum (n=1.0).
* Lam|(um) th{(deg)  fil(deg)  gm|/(deg) kp Not operated (operated in wsb).
0. 94 0.0 0.0 0.0 tk  Layer thickness (um)
% alx aly sx0/(um)  sy0|(um) kf =0: No reference
L0 1.0 0.0 0.0 >0: Structure shape number referred in kf designation field. The referred shape structures are overwritten on the layer.
* (S)té (um) (S)t(y) (um) (C)Sé (um)  csy|(um) L This numbers are represented by four digits, up to 100 set per line.
* km o % Name| ko an
1 Ta205 1| 2.11000 0.
2 -5i02l 1 1.0000 0.
* kr * kd|  kt psl|(deg) (um) wx|(um) wy|(um) sx|(um) sy|(um) Xp
1 0 2 0.0 0. 2. 50 2.50 0. 00 0. 00 0.0
% kfl  km  kr|kd kt ps|(deg) (um) wx|(um) wy|(um) sx|(um) sy|(um) Xp X
1 0 0 1 0.0 1. 0.50 0. 50 —=0. 000 0. 00 0.0 0. %
f 2 0 0 4 0.0 2, 1. 00 1. 00 0. 000 0. 00 0.0 0.0
>1<rkb k1l km kp tkl  kf * * * * * * * * * * * * * * * *
1 0 0 o 0.30, 0 0| <—Light source position at top line
\ 2 0 2 0 0. 30 0 0 -7
3 0 1 0] 0.11180 0 0
4 0 2 0 0.16268 0 0 Propagation
a 4 1 o o] o o direction N
48 0o 2 0 0.30, 0 0 cos(th)>0 09
(49 0 0 0 0.30, 0 0)\V+z 08
Insert a blank line beginning -Z 0.7
with "c¢" at the breakpoint to y > 06 —*—Transmissivity
abort reading -X +X .g‘ 0.5 —e—Refectance
+y S
Since the alignment of the structural i 04
layers is inverted on the z-axis and tz 03
light propagation is also from -z to . o 0.2
+z direction, it is easy to see when If U/D—r_e"erse 1S
pictures displayed in Wscnt are checked 'g Wscrgt’ B5/B6 01
vertically inverted to align a IS reversed as above. 0.0
direction. 092 053 093 094 094 085 095 0396 096

Wave length (um)
Result of wsrl.out



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

0.000e+0 to 1.000e+0

XX}
P
LX)

X-axis

0.0

0.5 X
W\ f‘% \A \/1
% WY WY
-0.5 -0.5
- - x-axis . - - x-axis

0.0




‘} py

*

y-axis
o
o

X3
Py
o px*2/3.,
/2
pPX
N ~T
-05 pX/3
1. 0.5 0.0 0.5 10
x-axis
X

y-axis

-05

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

0.000e+0 to 1.000e+0

WX

Ke]

wy

‘o { oy
0.5 1

-1.0 -0.5

0.0
x-axis

0.5

1.0

y-axis

y-axis

0.5

-0.5

0.5

-0.5

Pe

£y

RaRiRd

-1.0

-0.5

0.0
X-axis

05

1.0

WX

wy

-1.0

-0.5

0.0
X-axis

05

y-axis

y-axis

0.5

-0.5

0.5

-0.5

D\ k«k
Y
WX pX
wy
10 0.5 0.0 05 10
x-axis
D\,
MY
WX pX
wy
1.0 -0.5 0.0 05 1.0
X-axis




kt=13

0

kt=12

between kt and structures for kd
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23. Relationships

kt=10
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24. 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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-axis
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25. Reference to sub.dat for kd=1 (subl.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 wsr.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. —1.50000  —1. 3250 1.32500  —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

0.000e+0 to 1.000e+0

(x4,y4) (x3,y3

(x1, yl) (x2,y2)

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

0.000e+0 to 1.000e+0

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



26. Method of forming a lens shape (wsrl13.dat), 238s

00~ o o W P

10
11

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

.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
0.539
0.633
0.712
0.782
0.844
0.900
0.951
0.998
1.041
1.081

a Radius for circular
cross-section (um)

[elolelolelelelelelelelelelelele NN S OO

.

[\l e) oo e S O g

OO D OO OY

oL rPLrLePLeLLass

(eloolaololaololaleolaleoleoleoleleolelole oo o No NN N

Z-axis

A B
1
2 |a=radius n=Layer No
3 0.75
4 |dz=6rid interval
5
sk wsr. dat ) 6 |ht=height
* hm tre wb(um)  kf1(0,1) kot ity =
5.0 2.0 0.5 0 0 0 !
* wdx (um)  wdy(um)  dxy (um) dz (um) 8
2.0 2.0 0.01 0.01 g
* Lam (um) th(deg) fi(deg) gm(deg)
0.75 0.0 0.0 .0 10
* alx aly sx0 (um) sy0 (um) 11
0.5 0.5 0.0 0.0
* stx (um) sty(um)  csx(um)  csy(um) 2
0.0 0.0 0.0 0.0 13
* km % Name ko an ab ak 14
1# Ta205 1 1. 0000 0. 00 0. 0000
2 -S5102 1 1. 4500 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
* k£ km  kr kd  kt ps(deg)  px (um) py (um) wx (um) wy (um) sx (um) um) Xp Xq C . q
i)y 2 00 2 0.0 1.000 1,000 [0.244  0.244 ‘/Pao/ 0. 00 0.0 5.0 Lontinuec
0 2 0.0 1. 000 1. 000 0. 420 0. 420 . 000 0. 00 0.0 0.0 d
3 2 2 0.0 1. 000 1. 000 0. 539 0. 539 0. 000 0. 00 0.0 0.0 (\FLE%
4 2 0 2 0.0 1. 000 1. 000 0. 633 0. 633 0. 000 0. 00 0.0 0.0 L
5 2 0 0 2 0.0 1. 000 1. 000 0.712 0.712 0. 000 0. 00 0.0 0.0
6 2 0 0 2 0. 1. 000 1. 000 0. 782 0. 782 0. 000 0. 00 0.0 0.0
7 2 0 0 2 0.0 R 1. 000 0. 844 0. 844 0. 000 0. 00 0.0 0.0 /
8 2 0 0 2 0.0 1. 000 N 0. 900 0. 900 0. 000 0. W/
9 2 0 0 2 0.0 1. 000 1. 000 0. 95+——0-951 0000 006 B 0.0
10 2 0 0 2 0.0 1. 000 1. 000 0. 998 0. 998 0. 000 0. 00 0.0 0.0
11 2 0 0 2 0.0 1. 000 1. 000 1. 041 1. 041 0. 000 0. 00 0.0 0.0
12 2 0 0 2 0.0 1. 000 1. 000 1. 081 1. 081 0. 000 0. 00 0.0 0.0
13 2 0 0 2 0.0 1. 000 1. 000 1. 118 1.118 0. 000 0. 00 0.0 0.0
14 2 0 0 2 0.0 1. 000 1. 000 1. 153 1. 153 0. 000 0. 00 0.0 0.0
15 2 0 0 2 0.0 1. 000 1. 000 1. 185 1. 185 0. 000 0. 00 0.0 0.0
16 2 0 0 2 0.0 1. 000 1. 000 1. 215 1. 215 0. 000 0. 00 0.0 0.0
17 2 0 0 2 0.0 1. 000 1. 000 1. 243 1. 243 0. 000 0. 00 0.0 0.0
18 2 0 0 2 0.0 1. 000 1. 000 1. 269 1. 269 0. 000 0. 00 0.0 0.0
19 2 0 0 2 0.0 1. 000 1. 000 1. 293 1.293 0. 000 0. 00 0.0 0.0
20 2 0 0 2 0.0 1. 000 1. 000 1. 316 1. 316 0. 000 0. 00 0.0 0.0
21 2 0 0 2 0.0 1. 000 1. 000 1. 337 1.337 0. 000 0. 00 0.0 0.0
22 2 0 0 2 0.0 1. 000 1. 000 1. 357 1. 357 0. 000 0. 00 0.0 0.0
23 2 0 0 2 0.0 1. 000 1. 000 1. 375 1. 375 0. 000 0. 00 0.0 0.0
2 2 0 0 2 0.0 1. 000 1. 000 1. 392 1. 392 0. 000 0. 00 0 0.0
2 2 0 0 2 0.0 1. 000 ‘1\000 1. 407 1. 407 0. 000 0. 00 0.%\ 0.0
* kb kh_km kp tk  kf * * * * * * * * * * * * *
1 N 0 0.500 000 0 \ \K \K
Rewritten As itis Rewritten As itis

max 7.479e+5
min  1.950e+3

15 =S
Air (| L

Sherical shape

1.0 1

ht

0.5 —+ T :

0.0

-1.0

1

-0.5

-1.5
0.0

X-axis

i xz.out & m xz.out

0.5

Rewritten



27. 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



28. Pasting converted data of AFM (wsrl14.dat), 32s

k% wsr. dat .
* hm tre wb(um)  kf1(0,1) kot ity Input file
5.0 2.0 0.0 0 0 0 f d
* wdx (um)  wdy (um)  dxy (um) dz (um)
2.0 2.0 0.01 0.01 afm.dat
* Lam (um) th(deg) fi(deg) gm(deg)
0.75 0.0 0.0
* alx aly sx0 (um)
0.5 0.5 0.0 .0
* stx(um) sty (um) csy (um)
0.0 0.0 0.0
* km an ab ak paSte [ ]
1# 1..0000 0.00  0.0000 sub.dat ] ' afm.out Measurement shape of
2 i 1. 4500 0. 00 0. 0000
* kr d ps(deg)  px(um) wx (um) wy (um) sx (um) sy (um) Xp Output file AFM expressed by sub.dat
1# 0 .0 0. 500 0. 50 0.00 0. 00 0.0 max 4750645
* km  kr kd d:}/ py (um) wx (um) wy (um) sx (um) sy (um) Xp xa_ Continued _ min 1.417e+4 /
Lé) 20 1 (11 0.0 1,00 1,00 0.00 000 0.000 0.00 0.0 0.0 S 700 00200 B ,, i
2 0 1 0.0 1. 00 1.00 0. 00 0.00  0.000 0. 00 0.0 0.0 5 0 0 00200 0 Air2 S
3 2 01 13 0.0 1.00 1.00 0. 00 0.00  0.000 0. 00 0.0 0.0 10 0 0020 5 0 10 ;
4 2 01 14 0.0 1. 00 1. 00 0. 00 0.00  0.000 0. 00 0.0 0.0 5 0 0 00200 i 0 & o o]
5 2 01 15 0.0 1.00 1.00 0. 00 0.00  0.000 0. 00 0.0 0.0 6 0 0 0 020 50 \ ) W\ /
6 2 01 16 0.0 1.00 1.00 0. 00 0.00  0.000 0. 00 0.0 0.0 70 0 0 0200 6 0 05 BB {/ : -
7 2 01 1T 0.0 1.00 1. 00 0. 00 0.00  0.000 0.00 0.0 0.0 8 0 0 0020 70 :
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 0.0200 8 0 SiO2 | \ \
9 2 01 19 0.0 1.00 1.00 0. 00 0.00  0.000 0. 00 0.0 0.0 0 0 0 0 0200 9 0 2 k. A |
0 2 01 2 00 1.00 1.00 0.00 0.00  0.000 0. 00 0.0 0.0 110 0 00200 0 0 © 00 |
11 2 01 21 0.0 1.00 1. 00 0. 00 0.00  0.000 0.00 0.0 0.0 12 0 0 00200 10 N k l
12 2 01 2 0.0 1.00 1.00 0. 00 0.00  0.000 0. 00 0.0 0.0 3 0 0 0020 2 0
13 2 01 23 0.0 1.00 1. 00 0. 00 0.00  0.000 0.00 0.0 0.0 4 0 0 00200 13 0 -0.5
4 2 01 2 0.0 1.00 1. 00 0. 00 0.00  0.000 0.00 0.0 0.0 5 0 0 00200 40 ( N \
5 2 01 2 0.0 1. 00 1. 00 0.00 0.00  0.000 0. 00 0.0 0.0 6 0 0 0020 5 0 Y
6 2 01 2 0.0 1.00 1. 00 0. 00 0.00  0.000 0.00 0.0 0.0 17 0 0 0 0200 6 0 0T~ e
17 2 01 27 0.0 1. 00 1. 00 0. 00 0.00  0.000 0. 00 0.0 0.0 18 0 0 0020 17 0 \ /
8 2 01 28 0.0 1.00 1.00 0. 00 0.00  0.000 0. 00 0.0 0.0 19 0 0.0200 18 0 il
9% 2 0 1 29 0.0 1.00 1.00 0. 00 0.00  0.000 0.00  Y~0.0 0.0 20 0 0 0200 9 0 10 05 oo o5 10
* kb kl\kr‘s\kp tk  kf * * * * * * * * * * * * * \x\ * * 9 9 0 2000 0 0 - . X-a-xis . .
1 0 0 0. 500 0 ¢, .
Rewritten i xz.out & m xz.out

Rewritten As it is



29. Calculation example (wsrl15.dat), 213sX40 X2

sk wsr. dat
* hm tre wb(um)  kf1(0,1) kot
5.0 2.0 0.5 0 0
* wdx (um)  wdy(um)  dxy (um) dz (um)
ZO( N 2.0 ) QO% ) .01 )
* Lam (um h(deg fi(deg gm(deg
0.75 0.0
* alx ary sx0 (um) SY0 (um)
0.3 0.3 0.0 0.0
* stx (um) sty (um) csx (um) csy (um)
0.0 0.0 0.0 0.0
* kmo % Name ko an ab ak
1 Si 1 1. 0000 0. 00 0. 0000
2 -Si02 1 1. 4500 0. 00 0. 0000
* kr * kd  kt ps(deg)  px(um)
1# 0 4 0.0 1. 50 1.50
% kf km kr kd  kt ps(deg)  px(um)
1 2 0 1 11 0.0 1. 00 1. 00
2 2 0 1 12 0.0 1. 00 1. 00
3 2 0 1 13 0.0 1. 00 1. 00
4 2 0 1 14 0.0 1. 00 1. 00
5 2 0 1 15 0.0 1. 00 1. 00
6 2 0 1 16 0.0 1. 00 1. 00
7 2 0 1 17 0.0 1. 00 1. 00
8 2 0 1 18 0.0 1. 00 1. 00
9 2 0 1 19 0.0 1. 00 1. 00
10 2 0 1 20 0.0 1. 00 1. 00
11 2 0 1 21 0.0 1. 00 1. 00
12 2 0 1 22 0.0 1. 00 1. 00
13 2 0 1 23 0.0 1. 00 1. 00
14 2 0 1 24 0.0 1. 00 1. 00
15 2 0 1 25 0.0 1. 00 1. 00
16 2 0 1 26 0.0 1. 00 1. 00
17 2 0 1 27 0.0 1. 00 1. 00
18 2 0 1 28 0.0 1.00 1. 00
19 2 0 1 29 0.0 1.00 1. 00
20 1 0 0 1 0.0 0.0 0.0
* kb kI km kp tk  kf * * * *
1 0 0 0 0. 200 0 0
2 0 0 0 0.0200 1 0
3 0 0 0 0.0200 2 0
4 0 0 0 0.0200 3 0
5 0 0 0 0.0200 4 0
6 0 0 0 0.0200 5 0
7 0 0 0 0.0200 6 0
8 0 0 0 0.0200 7 0
9 0 0 0 0.0200 8 0
10 0 0 0 0.0200 9 0
1 0 0 0 0.0200 10 0
12 0 0 0 0.0200 11 0
13 0 0 0 0.0200 12 0
14 0 0 0 0.0200 13 0
15 0 0 0 0.0200 14 0
16 0 0 0 0.0200 15 0
17 0 0 0 0.0200 16 0
8 0 0 0 0.0200 17 0
9 0 0 0 0.0200 18 0
20 0 0 0 0.0200 19 0
21 0 2 0 0. 500 0 0
22 0 2 0 2. 000 20 0

py (um)
0

py (um)

cooocoooooooo0oo00000

gm=90.0 max 132017

Incident angle
N

- : 0.40
0 Alr —e—Inflow_-z
\/‘—\/— 0.35 -
; y y —e— Qutflow_+z
Si02 030 —e—absorbed
s Al
TE/)!L)\j‘E } 025
0
c
® < .2 0,20
wx (um) wy (um) sx (um) sy (um) Xp r>w§ 0 =
00 0. 50 0. 00 0.0 0.0 N / =
wx (um) wy (um) sx (um) sy (um) p Xq w 0.15
00 0. 00 0.0 0. 00 0.0 0.0 .
00 0. 00 0. 000 0.00 0.0 0.0
00 0.00 0. 000 0. 00 0.0 0.0 0.10
00 0. 00 0. 000 0. 00 0.0 0.0
00 0. 00 0. 000 0. 00 0.0 0.0
00 0. 00 0. 000 0. 00 0.0 0.0 p 0.05
00 0. 00 0. 000 0. 00 0.0 0.0
00 0. 00 0. 000 0. 00 0.0 0.0 000
00 0. 00 0. 000 0. 00 0.0 0.0 SU
: : : : : I R :
00 0. 00 0. 000 0. 00 0.0 0.0
00 0. 00 0. 000 0. 00 0.0 0.0 — 0 5 10 15 20 25 30 35 40
00 0. 00 0. 000 0. 00 0.0 0.0 i
00 000 0000 0.00 0.0 0.0 Measurement shape of Inclldent angle (deg.) .
00 0. 00 0. 000 0. 00 0.0 0.0
o 000 0000 0.00 6.0 6.0 am=0.0 B 1 AFM expressgglo by sub.dat ower accuracy sue to small hm
00 0. 00 0. 000 0. 00 0.0 0.0 . .
00 0. 00 0. 000 0.00 0.0 0.0
00 0.00  0.000 0.00 0.0 0.0 —e—|nflow_-z
00 0. 00 0. 000 0. 00 0.0 0.0 0.35
50 0.50  0.000 0.00 0.0 0.0 : y y —e—Outflow_+z
Si02 \ ' —e—absorbe
TERAN
o o
2 .
@ O T
B5 N
When up/down is set to a B3 .
reversal mode in Wscnt, |B1 B2
“up” is correspond to -z B4
side and “down” is to +z !
side. B6 i
L 40
i xz.out & xz.out Results t amount)
Transmitted  Reflected Absorbed Total Absorbed O)/InflowiM017—x Inflow MOl +x Inflow MOl -y Inflow MOl +y Inflgw NOI1 = of Tow MO1 +z
4.9555E-01 2.8341E-02 4.7611E-01 1.0000E+00 C2.1114E-0D  1.8228E-02 1.8035E-02 2.4718E-02 2.2110E-02 <3.8122E-0]1 >&2.5317E-0D

wsrl.out




sk wsr. dat
* hm
5.0
* wdx (um)
0.9
L
k alx
1.0
* stx (um)
0.0
* kmo % Name
1 -S102
* kr * kd
14 0
* kf  km  kr kd
1 1 0 0
2 1 0 0
3 1 0 0
4 1 0 0
5 1 0 0
6 1 0 0
7 1 0 0
8 1 00
* kb k1 km kp
1 0o 0 0
2 0 0 0
3 0 0 0
4 0 0 O
5 0 0 0
6 0 0 O
7 0 0 O
8 0 0 O
9 0 0 0
10 0 1 0

tre

2.0

wdy (um)

0.0
th(deg)

0.0

aly
1.0
sty (um)
0.0
ko
1 1
kt
4
kt
1

e

tk
0. 200
15000
15000
15000
15000
15000
15000
15000
15000
2.000

COLLLeLeee

30. Calculation example (wsr16.dat), 1.1s X 40

wh (um)
0.0
dxy (um)
0.01
fi(deg)
0.0
sx0 (um)
0.0
csx (um)
0.0
an
. 4500
ps (deg)

ps (deg)
.0

cooooooe

OV~ THEWN—OHOODDODDODDODOO

DO O *

kf1(0, 1)

0
dz (um)
0.01

coLooees

gm (deg)
0.0

sVyO(um)

*

e

kot

0

*

cooocoooe

ity

0

wx (um)

wx (um)
10
20
30
40
50
60
70
80
*

*

=

e

wy (um)
50
wy (um)

*

cooocoooe

Blazed grating with 8 levels

sx (um)
0. 00

sx (um)
400
350
300
250
200
150
100
050
*

*

=

coLeeeoee

sy (um)

o
o=
[=ke}

(=}
(=}
coocooooo
OO OCOOCOOOT

coocooooo
OO ODOOoCOOON

ram=0.40

max 2.127e+2
min  4.900e-1

1.5

N\/\

0.5

0.0 1

Z-axis

-1.0

-1.91

i xz.out & m xz.out

Diffraction efficiency
o o o o o o =
= [ w I~ wu ()] ~

o
o

Results of wsr2.out (Diffraction efficiency)

0.4

0.5

—-1 order
— Q order

1 order

0.6
Wavelength (pm)

0.7

0.8




31. Notes

1. Internally defined materials (SiO2, Ag, Al, Au, Be, Cr, Cu, Ni, Pd, Pt, Ti, W) are prefixed with -, like -Ag. This is done to distinguish from

externally definitions.
When defining the same material in nk.dat as the internal one, change the material name from that of the internal one.
3. If an execution error occurs, please check the following items.

a. Do input numbers contain half-width ones?
b. s 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?

N
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