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1 SMatrAnll [

SMatrAn 000000000000 CO0O0OOCO0DOOO00OOOO0OOOOO0OoDoOOooOoOoOoOon
00000000000 000 O000 ‘Scattering Matrix Analyzer’ 0 00O ‘Scattering Matrix
Analysi OO0 0000 ‘SMatrAn’ 0000000 O0OOOOCO 110 WEBOOOOOOOOO

0 1.1: Logo of SMatrAn.

logoOODOODOOOOODOOOOODOOOOOODOOOODOOOODDODOOOODODDOO
logo 00000000 DODOO0ODODOOOODOOOODDO SMATRAN ODODOOODOOOOODD
000000 SMatrAn OOOOOO0OO0O0O0D0OOQ sumatren 000000000000

O000O0O000DOO000ODOO00bOO0O000O0 200000000 SMatrAnOOOODO
gbobooboboooobobosboobobooooobobobbooboobobOoou 400D 50
gbobobgobogooooooboboobobooooobobo0o bebooobobOobODO
O000O00OO0O0O0O0000s3goooooOOoOob0o0OoooooDO O 700 “LICENSE
AGREEMENT”" 0000000000000 00O0O0OOODODOOOOCOOOOODOOOOOO
oooooo

1.1 SMatrAn OO0 O OO

oooooooOoOoOoOOOOOO0OOOOOOOO0OOOO000O0O0O000000000O00O
O000oooO0000ooOo000boOo0O00bO0oO0b000o0oO00bO00O000O00O0000O0O0O
00000 (0 1.2)0000000 ‘Bottom waveguide’ (00000 )0000000000O0OO
‘Joint structure’ 0 O 0 O O ‘Bottom waveguide’ 0 00 00 00 ‘Top waveguide’ (00 O000) O
00o0oo000ooo0o0o00o0oo0o0oooO (bo0)0DooO0o0o0oOoOOo00oOoOOo0ooo
O00000OO000000O000000O0O000O00O0O0O0C0O00OO00O0GOOO 12000000

Bottom waveguide Top waveguide

O 1.2: Joint structure between two waveguides is shown as a 3D example. The z-axis is oriented
from the bottom to the top.
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SMatrAn OO DOO000D0O00D0ODOO00OO00DODOOO00DOOO0O00DOODODOOO Shrodinger
equation 0 Maxwell equation 00000000000 SMatrAn DO 00000 OSMatrAn OO
udobboooobboooobobouoobobooobooooboobo20bbooobbbooooo
00 [1jD000000000000000000 matrix method [4] O recursive Green-function
method [5] 0000000000000 0O00OO0DOO0OOOO0OOOOOOOOOOUOOOOO
gooboooobobooooobooooobboooobbooobboooUbbooooo
000000000 20000000000000000000000OOOO [jjooooooo
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000000000 [l)0D00000b0oo0o000000oooooOo0o0oooooooooOooO
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1.2 SMatrAnO OO OO0 ODOO

o000 SMatrAn 0000000000000 ODODOOCOCCCOOOOO0O0O0O0OoOoooooo
O00o000o0oo0Oo(@UubOo0oO0)0o0o0oU0Oo0o0o0oOOooOoOODoOOoUoUDOOooDo
gobogboooooboooboboooboobooooboooobobooboooobobooooDo
OcADOODOOOO00ODOOOO ODO00OOOODOOO0O0U0bODOOO0ODOODOObDDboOO
goooo

goooooboooooOoOobooooOooobooo0obDogooo0U0oDbDoo «gor’oooOoo
O00000000O0SMatrAn0 0000000 (O 1.3) 0000000000000 00O0O0OO

Integrated Circuit

N

0 1.3: SMatrAn is just like a magnifying glass for designing devices.

D0000000000000 00000 SMatrAnDODODOOOOO0O (S-parameter 0000
000000000000000)000000000

SMatrAn 00 0000000000000000O00O00D00O00000000000000
0000000000000 0000000000000000000000000000000
0000000000000 0000000000000000000000000000000
0000000000000 0000000000000000000000000000000
000000000 107°00 (000 1071900)0000000 SMatrAn 00D DOOO0OO0000
0000000000000 0000000000000D00000ooooooooooooo
0000000 00D0D0OD0ODDDOOO“00”, “000”,“000”’00000000 [Yooo0
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O0OSMatrAn JO000OO0O00O0O0 “000”000000000 [10)D0000000O LAPACK
O0000000000OO0OO0OOOOOOOOOOODOD LAPACKO BLASOOOOOOOO
O00SMatrAn 000 0000000000000 0O0COO0OOO FDTD O (Finite-difference
time-domain method) 000000000000 0O0OOOOO

SMatrAn 00 0000000000000 O0O0O0O00O00000000000UOshell script O
0000 ((@O0000000000)000000SMatrAn 00000000000 O0ODOOO
O00000000000000000000000 700 “LICENSE AGREEMENT” 0000
O0000ooooooooo

13 00000000boooo

SMatrAn O COOODOOOODOOOODOO [l]DDDDDDDDDDDDDDDDDDDDD 2005
000000000000oo002200000000000000000DOOOOOOO (2,3
00 2012000000000000000000000ODOO0OODO (201404000)0000
0 0 SMatrAn 0O first version 0 O O

0000000000 0000000000000b0000O0O0o0oooceononon C++98
O FortranOOOOOOOOOOOO [11]D<tgmath.h>|]DDDDDDDDDDDDDDDDDD
00000000 bOoO000obDbOo0o000oDbo0ooooboOoooooooo0g GNU Compiler
Collection(GCC)DDDDDDDDDDDDCQQDDDDDDDDDDDDDDDDDDDDDD
C++1100 CYOO0000D0OD0O0O0DOODOO<ctgmath>0 0000000000000 C9900O
C++11000000000 [IQ]DWindOWSD Visual C++ 0 C++11 0000000000 O
O00000000000000 C++11000000000000 (0 1.4)0

0 1.4: The standard of mathematical functions in C+-+11 is now equal to or better than that
in C99.

OS O Ubuntul4.04 LTS O 32 bit 0 SMatrAn 0000000000 D0COCOOOOSMatrAn
OO000 Ubuntuld.04 LTS 64 bit 0 Windows 732 bit 00 64 bit D0 DOOOOOOOOOO
0 GCC version 4.8.2 00 O Clang (based on LLVM 3.4 00 )0 00000 Windows 0O GCC
O MinGW (GCC version 4.8.1-4 00 ) 000000 SMatrAn 0 OSOO0OOOOO 80000
0000000000000000000D00 GPLO University of Illinois/NCSA License O O
ugoooobood

SMatrAnO0 OO0 00000000000 DOO0O0O00O0O0O 1.10200000000000000
000 (D0000)ooooOoOO0OO0OOOOO  CcPULOOUOODOUDODODODODODOODOOOOO
obobobobobobobuobooboobDobooooooobobUobOdDIntel 0 80-bit OO
00000000 (Oo0O0O0O0000000000)000 100000000000000O0
(32bit) 0000000000000 000O0O0O000O0O00O0O00O0O0O0 (64bit00O 1/500)
oo


https://gcc.gnu.org/
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http://www.mingw.org/

0 1.1: Two hardwares for this manual.

’ Architecture H CPU ‘ Clock ‘ Memory ‘ Purpose
32 bit U2300 | 1.20GHzx2 | 3.9GiB | Developement tool
64 bit i7-4770 | 3.40 GHzx8 | 7.7GiB Verification tool

00000 SMatrAn 0O QODOOOCOCOOO

[Go to table of contents.] [Go to home.]
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2 SMatrAnl O [

0000 SMatrAnO0OOOOODODOOOOCOODODOOOOO2100000090000000A0
uboboboo3gbobooooooooobooboooboboboboooo30b0ooono

Preparation group

Mesh3D YeeCells ——» Med3D

MeshPlot YeeSlice
Graphics group

Simulation group

—> BottomTop T» STMM T»S-matrix

ModeCheck —»  MatrixOut

Graphics group

O 2.1: Simulation flow from 3D-meshing to S-matrix.

000000 preparation group 0 DO O00ODOO0DOO0OOOOOONO 2.1000 preparation
group 000000000 O0DOO0O0DODOODODOOODOOODOOODOOODOO simulation group O
0o0oo0obooooboooboobooooDbooooooDboooDoooDbooooOoooDog
0000000000000 (graphics group) 000000000

2.1 Preparation group

U0000D0DboO0Oo000 preparation group 0 300000000 OOODODOOOO

1. Exec. file name: Mesh3D

e This file generates nonuniform mesh for Yee’s lattice.

2. Exec. file name: YeeCells

e This file calculates optical structure in each Yee’s cell.

3. Exec. file name: Med3D

e This file calculates electric permittivity and magnetic permeability in each Yee’s cell.



3000000000000000000Osimulation group 0000 300000000000
000003000000 00000000000O00000O000O0O00O0O0OO0DOODOOOOO
O00D00D0DO0DOO0ODO0D000000000D000 graphicsgroup D0 OO00OODOODOODOO
ooooo

1. Exec. file name: MeshPlot

e This file for checking Yee’s lattice.

2. Exec. file name: YeeSlice
e Slicing operation for checking 3D permittivit distribution.

Graphics group 0000 cel OODO0OD0 mesh O cel 0000000000 ODOOODOONO
00O simulation group 000000

2.2 Simulation group

OU00000DO000 simulationgroup U 200000000000000O0O0O

1. Exec. file name: BottomTop
e This file calculates waveguide/evanescent-modes for both the bottom and top waveg-
uides.
2. Exec. file name: STMM
e This file calculates S-matrix by the transfer matrix method.
20000000000000000000D00D00000000000000000000000
0000 sTMMODO00O0O0D0OD0O0ODO0O00O00D0OD000000000D0O00ODDOOgraphics
group 000000000 0DODOOOOOD
1. Exec. file name: ModeCheck
e This file for checking orthogonality and generating GNUplot data-files for the waveg-
uide/evanescent modes.
2. Exec. file name: MatrixOut
e This file maps matrix elements.
gooo900oooobooobooboobooobobooobUoobDoobobObOoboooDo
0000000 00ooo000o0ooo0oo0ooooooo0ooooDooooooooDnooog

0000000 ASCIltext D00 O0O0O0OOO0OO0O0OODOCOOOO0OODODOOOOOOOOOO
ooon

23 0000

SMatrAn 000 000000000000000 O00000000000000000000
obobooboooooooooobo bbb obobobobobbobobOon

000000o00oooooOo0oO00O0 <<!'0o0000(bo00)O0o0000O0 (Doooo)o
ogbooboooogoo:

True L = 22, Ku =4

True L=22K_u=4



False =22,K_u=4

000000000000 D0OD000000D0OD00O0: ‘deg’ as °, ‘rad’, ‘km’, ‘m’, ‘cm’, ‘mm’, ‘micron’,
‘um’, ‘nm’, ‘K’, ‘degC’ as °C and ‘degF’ as °F. 00 0000000000000 O0OOODOOCOD

um’,

ugboooboboobgodo

True x_min -1.5 micron xmax = 1.5 um

-1.bmicron, xmax=1.5 um

True x_min

False x min = -1.5micron,xmax= 1.5 um

000 SMatrAn 00O D0O0O0OOO0ODOOODOOOO
O0o0O0Oooooooo SMatrAnO0O0O0O0O0OoOoOoOO0O0ODO

[Go to table of contents.] [Go to home.]
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3 SMatrAn OO0 O

0000000 SMatrAn OO O OD0OD0O0D00DDOOO SMatrAn OOOOOOOOOOOO
0000000000000 00O0000DO0DO0000DO0DODO0O0D0D pdf00O00000
0000000 ASCIltext DODODODO0DOODOOODO 700 “LICENSE AGREEMENT” 00O
0000000000000 0oooooooooooo“0000ooooooon”?ooonoag
OO0 Ubuntu 0 GCCOOOODOODOOOOOODOOODOOOOOODOODOOODOOODOO
shell script 00000000000 OO0ODOOODOOOOO Clang O shell script O Windows O
00 batch file 000000 0O0OOBatch file 000000000000 OOOOOO

3.1 000000000bon

goodosiogbooboboooooooboboooooboboooobobobooooono
397kBO 0000000000 OOOOOO g17MBOOOOOOOO(OOOOOOOOOO

./ ———index.html We arein |r——20141114_MeshPlot/ —[comp .sh
—manual . pdf some of these. main.c
—manual_jp.pdf Shell script for 20141114_ModeCheck/ —[ comp.sh
—compall.sh compiling all “main.c

executable files '
—example.sh \ —20141220_Mesh3D/ —[comp .sh
—3d_mesh.txt ~\ | Shellscriptfor main.c
running the .
—3d_str.txt example —20141224_Medium3D/ —[comp .sh
—trans_med.txt —main.c
—ectrl_exe.txt H——20141224_ STMM/ comp. sh
n Input files -
—3d_slice.txt > —:[main .c
H—3d_slice2.txt —20141226_YeeSlice/ —[comp. sh
—mat_view.txt main.c

—mat_viewS.txt /

Shell script for compiling
each executable file

—20150106_BottomTop/ —[comp .sh

main.c

F—20150107_MatrixOut/ —[comp .sh

i20141029_YeeCells/—[comp. sh main.c

——Data/ 5
——Status/

main.c

\ [ These are empty now. |

O 3.1: An example of initial files and directories. ‘./Data/’ and ‘./Status/’ are empty before
running SMatrAn.

O00000000Oshellseripp0 000000000000 OOOOOOOOOODO)0O0O0OO
O00000SMatrAn 0 9000000000000 O00DOODOODOO0OOOODOO0ODOOO
000 (031)00000000000ooooo0o0oooo9nooooo
031000000000000000000000O0O0000DO000DODDOO00ODO0O000O
00000 ‘make’00 00 shell seript 0 gece0 0000000000 (Windows O OO batch file
00000000 MSYSOOO MinGW OUOO MingGW+Clang 0O OO OO0OOO0O0OO0O0O) O
0000000000000 0000000000000000000000d time-stamp 0 O
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000000000000 0D0O00D0OD0O0O0000./20141220 Mesh3D 0000 CO9ODOOOO
Uuooooobbobobibid comp.sh UUUUOUOcomp.shDOOO

#1/bin/sh
gcc -Wall -03 *.c -std=Cl1l1 -1m -o ../Mesh3D 2> error_gcc.txt && echo ¢
compiled Mesh3D’

000000 shebang O compileoption 0000000000 00O0O0OOOONO ./20141220 Mesh3D
O000000shelDOD0OD0O0OOD comp.sh0O00O0O0OO0OOODOO

“/SMatrAn/20141220 _Mesh3D$ sh comp.sh

(0000000000000 SMatrAn 000000000 SourceFiles0 OO OOOOOOO
3.1000000000000000O0OoOoUooon)
000000000000 ./20141220 Mesh3D OO OO0 error gec.txt 00 O0O0O0OODODO
000000000 error/warning message 0 0 0 O compile option O source file 000000
gboboboboboboooboooobobobobo obo9boooooboboOobOoDbo
00000 ./compall.shO0 0O 0O0O0OBottomTop OO OO OO0 LAPACKDO ‘dgeev’ 00O
0000000000 LAPACKOOOOODOOOOODOO ./20150106_BottomTop/0 0 00O
O0000 . lapack 000000000000 .lapack0000000O0OOOOOOOOODODOO
O000000000000000000000000000000 LAPACK/BLASOOOOOO
O000000000000000000 LAPACK/BLASOOUOOOOOOOOOOOOO

3.2 00000

obbooobobboooobbobboooobobobuooooboboboboooobbbooo
gboboooobooboboobbooobooboboobooboooboboboobo
gbbooobuoabboob 32000000

-/ T—index.html Output files are stored
—manual.pdf —Data/ — in this directory.
—manual_jp.pdf —Status/

[ Status of each executable file
is stored in this directory.

—example.sh___ | Run the shell script

after compiling |

executable files. R \
——3d_mesh.txt —YeeCells
—3d_str.txt —Med3D
—trans_med.txt ——BottomTop
—ctrl_exe.txt —— STMM >‘ConmﬂedexeanaMeﬁbs
——3d_slice.txt —MeshPlot
——3d_slice2.txt —YeeSlice
—mat_view.txt ——ModeCheck
—mat_viewS.txt —MatrixOut /

0 3.2: Files and directories after compiling all executable files and removing unnecessary direc-
tories.

000000000000 00O0O000000D0DD0DODO example.sh 000000 (Windows

00 ./example.sh 00D OOOOOOOODO ./example.bat 00 OJOOODODO) ./example.sh
ocoooooboooboo

12



#1/bin/sh

./Mesh3D 3d_mesh.txt ./Data/3d_mesh.dat 2> ./Status/Mesh3D.log && \

echo ’Mesh3D finished’ && \

./MeshPlot ./Data/3d_mesh.dat 2> ./Status/MeshPlot.log && \

echo ’MeshPlot finished’ && \

./YeeCells ./Data/3d_mesh.dat 3d_str.txt ctrl_exe.txt 2> ./Status/
YeeCells.log && \

echo ’YeeCells finished’ && \

./Med3D trans_med.txt ctrl_exe.txt 2> ./Status/Med3D.log && \

echo ’Med3D finished’ && \

./YeeSlice ./Data/3d_mesh.dat 3d_slice.txt 2> ./Status/YeeSlice.log && \

echo ’YeeSlice finished’ && \

./YeeSlice ./Data/3d_mesh.dat 3d_slice2.txt 2> ./Status/YeeSlice.log &&
\

echo ’YeeSlice finished’ && \

./BottomTop ./Data/3d_mesh.dat ctrl_exe.txt 2> ./Status/BottomTop.log &&
\

echo ’BottomTop finished’ && \

./ModeCheck ./Data/3d_mesh.dat ctrl_exe.txt 2> ./Status/ModeCheck.log &&
\

echo ’ModeCheck finished’ && \

./Matrix0Out ./Data/joint_Bottom_check.dat mat_view.txt 2> ./Status/
MatrixOut_B.log && \

echo ’MatrixOut finished’ && \

./MatrixOut ./Data/joint_Top_check.dat mat_view.txt 2> ./Status/
MatrixOut_T.log && \

echo ’MatrixOut finished’ && \

./STMM ./Data/3d_mesh.dat ctrl_exe.txt 2> ./Status/STMM.log && \

echo ’STMM finished’

./MatrixOut ./Data/joint_final.dat mat_viewS.txt 2> ./Status/MatrixOut_S
.log && \

echo ’MatrixOut finished’ && \

gbbogobuodabboobuobboobogd

~/SMatrAn$ sh example.sh

goooboboobooobobooobobooboboooboobooboobobooboobo
000000000000 (Windows 000000 O0OOODODO)

“/SMatrAn$ sh example.sh
Mesh3D finished

MeshPlot finished
YeeCells finished

Med3D finished

YeeSlice finished
YeeSlice finished

BottomTop finished
ModeCheck finished
MatrixOut finished
MatrixOut finished
STMM finished
MatrixOut finished
~/SMatrAn$

13




O 3.1: Compiler dependence of numerical calculation on several OSes. HSTS — I||maz shows
an index as precision of S-matrix. Note that ||A|lmez is the max norm defined as
| Allmaz=maz |a;j|. Specifications of 64 bit and 32 bit hardwares are shown in Table 1.1.

’ 0S H item ‘ GCC ‘ Clang ‘

|STS — I|jmax | 1.88642x107 13 | 1.74536x 10713

Ubuntu 64 bit || STMM time (s) 37 24
Total time (s) 80 66

1878 — I|lmaz | 3.16025x10~ 13 | 1.89627x 1013

Windows 7 64 bit || STMM time (s) 184 29
Total time (s) 256 83

|STS — I|jmax | 8-48794x10 1% | 1.57441x10~ 13

Ubuntu 32 bit STMM time (s) 636 140
Total time (s) 939 342

1878 — I|lmaz | 3.19174x10~ 13 | 1.99567x 10~ 13

Windows 7 32 bit || STMM time (s) 670 176
Total time (s) 994 447

ogooodod obobooobobooobbooobbobooo s1ooooboobbobooooboboo
OO0 Windows 7000 UbuntuOOO0O OO0 GCCOOO ClangOO0OOOOOOODOO
0000000000 000DOO000DOCO000DOCO000DODDO000ODO0OO0ODOg Clang
ooo osSbhoouooooooboooooooobooooSouobbooooooooDobooo
OO0 Clang0OQOQ0OOODOODOO

OO0 ./pbata/ 0D0C0C0COOOO 1IMBOOOOOOOOOOOOOOO SMatrAnO0O0O0O
ubooobobooboboooboboooboobobobooboboooboobobooboonoo
goooboobooobooboooobooogobboobooooboobooobobooboobooDo
ugooo

[Go to table of contents.] [Go to home.]
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4 Preparation groupU 00000000

0000 preparation group (0 2.1)0000000000000C0O (0 32)000000000
obobo410b00booboobooooooogooo

> %)
3
Jtrans_med.txt ;:T
./3d_mesh.txt A ./3d_str.txt Jctrl_exe.txt =
+ + + -
J/Data/joint0.dat /Datafjoint_Medo.dat %
./Data/joint1.dat ./Data/joint_Med1.dat c
Mesh3D = ./Data/3d_mesh.dat YeeCells = . » Med3D — . ]
IDatajjoint7.dat /Datajjoint_Med7.dat
v
MeshPlot ¢
¢ /3d_SI|CetXt -> YeeSlice v
.IData/mesh.dat_XY.eps ¢ /3d_slice2.txt=p YeeSlice
./Data/mesh.dat_YZ.eps
./Data/mesh.dat_ZX.eps ./Data/joint_Med_xy_n0.eps ¢

./Data/joint_Med_yz_l11.eps

./Data/joint_Med_zx_m8.eps )9
Data/joint_Med_scale.eps -/Datajjoint_Med_yz_113.eps
/Datal/joint_Med_zx_m10.eps

/ :/Data/joint_Med_scaIe.eps

| Encapsulated PostScript|

./Data/joint_Med_xy_n7.eps

O 4.1: Data flows from Mesh3D to Med3D in the preparation group. White boxes with black frame
show output-file names from executable files. All outputs are ASCII file, and outputs
from MeshPlot and YeeSlice in the graphics group are formatted by the encapsulated
postscript. Yellow-green boxes mean control files that users write.

4.1 Mesh3D 00O O

Mesh3D O 100 input file 0000000000 DOODOODODODO Numerical simulator consists
of four programs and one checking program.

1. Nonuniform mesh generation

2. Yee’s lattice generation

a) Slicing operation for checking generated Yee’s lattice

15



3. Mode calculation

4. Transfer matrix method

We shows a program of generating mesh[?].
e program name: Mesh3D.exe

— source file archive: Mesh3D_20120723.zip
example batch file: Mesh3D.bat

— example input file: Frame _3um4um28p4um.txt

This subsection gives us details of the file.
— example output file: Frame_3um4um28p4um.dat

This generated file is used by the following programs.
— example error file: error Frame _3um4um28p4um.dat

This file has some message if the program abnormally run.
The input file consists of 6-lines.

Input file to Mesh3D ./3d mesh.txt

l1st L =22, Ku=14
Positive integer L means max u for u-coordinate. Nonnegative integer K, is used in

the function F of Eq. (3) in Appendix I[?]. When we generate uniform mesh, we set
K, = 0.

2-nd M = 18, Kv = 3

Positive integer M is max v for v-coordinate. Nonnegative integer K, is also used in
the function F'.

3-rd N = 500, Kw =0

Positive integer N is max w for w-coordinate. This example shows uniform mesh,
because K,, = 0.

4-th x(0) = -1.5 micron, x(L) = 1.5 um, min dx/du = 80. nm
Positive real x (0), = (L) and min dx/du require length unit.

5-th y(0) = -2.0 um, y(M) = 2.0 micron, min dy/du = 70. nm
Positive real y (0), y (M) and min dy/dv require length unit.

6-th z(0) = 0.0 micron, z(N) = 28.4 um, min dz/du = 0.0 m

Positive real z(0), z (/V) and min dz/dw require length unit. The above min dz/dw
is unused, because K,, = 0.
4.2 YeeCells operation: Yee's cell calculation

This subsection shows a program of generating Yee’s lattice for a wave length.[?].

e program name: YeeLattice.exe

— source file archive: YeeLattice 20120708.zip

— example batch file: YeeLattice.bat
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— example input file 1: Frame_3um4um28p4um.dat
This file is the output file from Mesh3D.exe.
— example input file 2: DeviceStr.txt
This subsection gives us details of the above file.
— example input file 3: YeeCell.txt
This subsection also gives us details of the above file.
— example output file: YeeLatticeFile/Yeen.dat
The program outputs &, (I, m, n) and p, (I, m, n) when n =, v, w,and 0 <n < N.
— example error file: logfile.txt
For normal execution, the program outputs data of both the input file 1 and the input

file 2 to this file. It has some message if the program abnormally run.

The input file 2 is described by commands for optical objects. Maximum line number should be
less than 16384 in this file. Definition of each optical object starts at ‘begin’ command, and it
finishes at ‘end’ command. Number of the objects should be less than 1024. Lower commands
overwrites upper ones in the file. We have to set three commands between ‘begin’ and ‘end’,
and we can also use two optional command.

4.3 Med3D operation

‘material’ This command has to be set with ‘name’ of material, ‘index’ for optical index, or
‘epsilon’ for relative permittivity.
Examplel: material name Si02

We can use‘name’ for the wavelength \: 1.25 um < A < 1.61 um. The ‘Si02’ means
SiO2. Other material names are ‘Si’, ‘Al’, ‘Cu’, ‘Au’, ‘Ag’, ‘Pt’, ‘Ti’, ‘W, ‘TiN’ and
‘Vacuum’. Initial permittivity in all space is set as ‘Vacuum.’

Example2: material index real= 1.5 imag= 0.

The optical index for a structure is given by complex number, and then we have to
input real and imaginary parts.

Example3: material epsilon real= 3.6 imag= 0.
The relative permittivity is also complex number.
‘shape’ This command defines a shape of the optical structure with ‘block’, ‘cylinder’, ‘spheroid’,
‘prism’ or ‘pyramid’ for relative permittivity. We also have to set three positive real pa-
rameters A, B and C as shown in Fig. 4.2, and three real parameters 6, 6, and 0, for

rotation angles. The first rotation is perpendicular to xz-axis, the second one to y-axis, and
the third one to z-axis.

Example: shape block A= 0.5 um, B= 200 nm, C= 13.5 micron, Theta x= 0. deg,
Theta_y= 0. rad, Thetaz = 0. deg

‘origin’ This command defines us a coordinate for the center of the optical structure.

Example: origin x= -3.0 um y= 0.0 um z= 14 micron
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0 4.2: We can assign one of five shapes to an optical structure. (a)block’. (b)‘cylinder’.
(c)‘spheroid’. (d)‘prism’. (e)‘pyramid’.

‘array’ This is an optional command with a direction vector a, integer I, and Iax. It arrays
an origin of each structure at Ia for Iy < I < Lhax. We can maximally use this command
three times between ‘begin’ and ‘end’. Maximal case is for setting 3D-grid.

Example: array ax= 0.0 um, a_y= 0.0 um, a_z= 284 nm, Imin = 0, I.max = 89

‘permeability’ This is also an optional command for setting magnetic relative permeability .
Initial value is set that p = 1.

Example: permeability real= 0.707 imag= 0.707

The program ignores any words except for the above 5 command in the input file 2.
The input file 3 consists of 3-lines, and an example of the file is shown as follows.

YeeCell.txt:

1-st Wavelength = 1.55 micron
Optical permitivity ¢, depends on the wavelength.
2-nd Data-file name = YeelatticeFile/Yee

This file defines the first half of output file name. The program adds the last half
‘n.dat’ to it.

3-rd Cx= 2, Cy=2, Cz=0

C, for n = u, v, w is nonnegative integer. 2C; + 1 is point number for average along
n-axis in each Yee’s cell.
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4.3.1 Slicing operation

This sub-subsection describe slicing operation on Yee’s lattice to confirm the defined optical

structures.

e program name: YeeSlice.exe

source file archive: YeeSlice 20120708.zip
example batch file: YeeSlice.bat

example input file 1: Frame_3um4um28p4um.dat
This file is the output file from Mesh3D. exe.
example input file 2: YeeSlice.txt

This sub-subsection gives us details of the above file.
example input file 3: YeeLatticeFile/Yeen.dat

This file is the output file from YeeLattice.exe. The n is nonnegative integer, and
0<n<N.

example output file 1: YeeLatticeFile/Yee n.dat
The program outputs € and p on the n-plane where n =z, y, 2.
example output file 2: YeeLatticeFile/Yee jk.dat

The program also outputs z (I + j/2) for 0 <1 < L and y (m + k/2) for 0 <m < M,
where j, k =0orl.

example error file: logSlice.txt

For normal execution, the program outputs data of the input file 1 to this file. It has
some message if the program abnormally run.

The input file 2 consists of 2-lines, and an example of the file is shown as follows.

YeeSlice.

1-st

txt:

Data-file name = YeelatticeFile/Yee

The above name is the same as the 2nd line in YeeCell.txt.

2-nd Su= 12, Sv= 8, Sw= 14

This file defines slice points 0 < S, < L ,0< S, < M and 0 < S, < N for z (u)-plane,
y (v)-plane and z (w)-plane respectively.

[Go to table of contents.] [Go to home.]
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5 Simulation groupO DO OO O0OOO

0000 simulation group (0 2.1)0000000000000000O0 (0 32)0000000
gboogogsibobooooobooooon

./Data/3d_mesh.dat
./Data/joint_Med0.dat
./Data/joint_Med1.dat

Jctrl_exe.txt - Jctrl_exe.txt
o A = ./Data/joint_Med7.dat =
= .
Ko l l S-matrix data
o
=
-] ./Data/3d_mesh.dat i
o= ./Data/jointBottom.dat s
5 = /Datajoint_Medo.dat > BottomTop = ,Data,}oinﬂ-op dat P STMM J/Datajoint_final.dat
S ./Data/joint_Med7.dat ’ ’
2
3 v
/Datafjoint_BottomModeO.dat, ./Data/joint_TopMode0.dat, : :
T v ./D:m/jglgt:BgngmMgdzl.d:l, ./Dgta/}g:Rt:TgSMgdzl.d:x, mat_viewS.txt=§» MatrixOut
/Dataljoint_BottomMode69.dat, ./Dataljoint_TopMode69.dat ¢
./Data/joint_final.dat_ResErr.eps
./Data/joint_final.dat_Scale.eps
Input-data to gnuplot}/ Jctrl_exe.txt o - =
vy |Encapsulated PostScript|
./Data/3d_mesh.dat ModeCheck
JJmat_view.txt J/mat_view.txt
MatrixOut « ./Data/joint_Bottom_check.dat —‘ ./Data/joint_Top_check.dat H MatrixOut
v v
./Data/joint_Bottom_check.dat_ResErr.eps ./Datal/joint_Top_check.dat_ResErr.eps
./Data/joint_Bottom_check.dat_Scale.eps ./Data/joint_Top_check.dat_Scale.eps

| Encapsulated PostScript|

0 5.1: Data flow from BottomTop to STMM in the simulation group. The example in Fig. 3.2 uses
MatrixOut in the graphics group at three times. The ‘./Data/joint_final.dat’ from
STMM shows all elements of S-matrix.

5.1 Mode calculation

This subsection shows a program of generating optical modes for bottom and top waveguides.[?].
e program name: BottomTop.exe

— source file archive: BottomTop_-20120819.zip
— example batch file: BottomTop.bat
— example input file 1: Frame_3um4um28p4um.dat

This file is the output file from Mesh3D. exe.
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— example input file 2: YeeCell.txt
This subsection had been defined for Yee’s lattice generation.

— example output file: YeeLatticeFile/YeeBottom.dat and YeeLatticeFile/YeeTop.dat
The program outputs G, (j) and U, when k =b, ¢, and 0 < j < LM.

— example error file: BottomToplog.txt
For normal execution, the program outputs data of the input file 1, the input file 2,

and execution times to this file. It has some message if the program abnormally run.

The input file 2 is described by commands for optical objects. Maximum line number should be
less than 16384 in this file. Definition of each optical object starts at ‘begin’ command, and it
finishes at ‘end’ command. Number of the objects should be less than 1024. Lower commands
overwrites upper ones in the file. We have to set three commands between ‘begin’ and ‘end’,
and we can also use two optional command.

5.2 Stable transfer matrix method

[Go to table of contents.] [Go to home.]
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6 Development schedule and history

[Go to table of contents.] [Go to home.]
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7 LICENSE AGREEMENT

Copyright (c) 2014, Tatsuya Usuki
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions
and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of con-
ditions and the following disclaimer in the documentation and/or other materials provided
with the distribution.

3. Whenever numerical results obtained from SMatrAn are published in scientific/engineer-
ing journals or proceedings, cite the following paper [1]: T. Usuki, M. Saito, M. Takatsu,
R.A. Kiehl, and N. Yokoyama, “Numerical analysis of ballistic-electron transport in mag-
netic fields by using a quantum point contact and a quantum wire,” Phys. Rev. B 52,
pp.8244-8255 (1995). If possible, also cite one of the proceedings [2]: T. Usuki, “Fre-
quency domain analysis for optical propagation using Yee lattice,” Proceedings of 2013
URSI International Symposium on Electromagnetic Theory (EMTS), pp.503-505 (2013).

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBU-
TORS "AS IS” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPY-
RIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCI-
DENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF
USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND
ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF
THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.
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