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Objective
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To Solve S-matrix Network

Generalized Scattering Matrix (GSM) Solver is a free software to solve connected scattering
matrix network. User can specify arbitrarily-connected scattering matrix network by using two
input files. One input file specifies scattering matrices of each block, another one describes
connection network, excitation and matched-load terminal condition.
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Motivation of Development (1)

Personal Point of View
GSM-MoM analysis for a unit-cell sotted waveguide arrays for plasma excitation.

(... because MoM analysis failled. Green’ s function for a waveguide cavity with the length
on the order of a half guide wavelength [e.g) Block2, Block5] has singularity.) -
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Motivation of Development (2)

Prospective Point of

View

1:Useful for many kinds of microwave system analysis and design.
1:Development of millimeter wave system.

= _ 0O ___ N\

< “ BPE
Ty LBEE

Radio Frequency (RF)_ HPA_ _ _ _

1
Up- Convert N

»Full-wave analysis (solving
Maxwell’ s equation) is not practical.
»S-matrix connection is practical.

> |f higher-order mode couplings are
considered, the accuracy is the same
asthat of full-wave analysis.

LNA: Low Noise Amplifier
HPF. High Power Amplifier
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Algorithm

! Wnin Program

srogren min
usa dflib
use mod_corsts
uze med_pam

imgl isit none

intnger i) o0
imtager T i

! built=in mdule for comand-line argursnt: gatarg

‘{nl!uﬂ.l’-i] then
Mo of

cul
ntop
ond if
call gotarg(l, f

show_halo

writeir, *)

srguments is not corract.

5 _matrizx, status)

Tttt G5 SOLVER sovormiioen™

ozn (i t=1, fl Iu=f||0_lllh‘llt instat=iarr)

i (imrr =)t
writals, .: TI
writa(l, # “Fl
iin

o i

call input

writnis, ) ‘e
write{l, =) "

¢ leseunit=1}

step

LE ERROR| : ERROR CODE (DPEN) =
LE ERRIR| : ERROR CODE (OPEN) =

! Input Data (input. F000

FIMISHED wowms’
FIMISHED woems’

oontains

susrouting show_help

writais €
write (s #
write (e«
writals 9
writa(s, #

writals, #)

writais 9 ~

and subrouting
end program

K iiaiid SOLVER (VERSION 1.0) swmpopes
: |ﬂ|t (] m? Takuichi Hirano (Tokyo Institutn of Technologr). ™
T Al rights reserved
- E-ll hiralantenns. se.t itech ac. jp
to:/ fmw-artenna. ee. titoch ac. jn/-hira™
“Usagn: gom [input S-matrix fila] Lllult topology file] [output filel”

" For mre information, plosse ssa
htta:/ /me-mmtenra. ee. titach oc. jo/-hira,/froe_softwars/gem_salver™

1
1 Solve GM Matrix
1

subrouting solve

implicit nome

integer -: i, J b ide i, ide | block i, & i.s |
complex (B) L]
integer =: ierr

allosate(gem matr ix(n_gem_natrix_unkncwn, n_gen_natr ix_urknown). stat=ierr):
allocate (gm_rhe_ves (n_gen_natr ix_usknow), stat=ierr):

wwe Build G Matrix weveress

o Clear

“wess BUILD GSM NATRIX wees’
“#s+% BUILD GSH MATRIX #sss’

call allocate_srr_check (ierr)
call allocate_err_check ierr)

sel| matrix_rero_clesr (gsm_matrix n_gen_matrix_unknow, n_gen_natr ix_urknow, n_gen_nstr i x_unknow, n_gem_sstrix_unknom)
call westor_rero_clesr (gem_rhe_vec. r_gen_male ix_urknown, n_gem matr ix_unknown)

da |'I m_gem_tatal_pa
Equation f'Jr Irgmit
J-Lab_nurt_macr,_mluln]
if(j >0 then
ide_i=tab_uskaown_na (i 1)

1 Comected Global Port Mo

1 Unbmown Mo. of Self Port #i

idn_j=tab_unkoown_na(i.2) 1 Uniomn Mo, of Gormected Port ¥
1 Eq for #8ic o_[i]=sLi]
1 = Eq. for #i: e_[i]-clil=0

gem_nstrin(ide_i, ide_i}=gen _matrix{ide_i. idx_i}].0d0
gem_natr ix(ide_i, ide_j)=gsn_matrix(ide_i, idx_j)=1.0d0
end if

1 Equition for Oubgt
ide_i=tab_unknown_na(i. 2)

bloc_i=ta_gort_2 blk_lport (i} blodk 1 Block Mo. of Port #i
&_i=tsh goort 2 bik_lport{i). loc_part 1 Local Port Mo of Port &i

1 Unimown Mo. of Self Port #i

1 o #ic o _[i]=5m s[j] S_[ij]
1= for ##i: o [i]-Sum o[j] S_[ijl=0
gem_natrix(ide_i, ide_i}=pen_matrixlide_i ide_i)+1.0d0

da k=1, n_por tibleck_i}
F ﬁjlk_lwl..l.wrllhludx_l [}

1 Global Port Mo,

idn_j=tab_unknown_no (L. 1 1 Urisromn Mo of Gon
B j=k
select case (ide_j)
case ()
! Mo loput from Port )
case (=1)

| Excitation from Port #j
e rhe_ves | ide_i}=gem_rhe_ves (idx_i)+tab_ex_val_lis(j)+s_matrixblosk_ i, e_i,s_j}
case deflault

! Md Lo GSM Sysbem Matrix
e patr ix(ide_i. ide_jl=gsm matrix(ide_i. ids_j)=-s_matrix(block_i &_i, s_j)
e selest
end do
e do

Solve G System Matrix
gen_tolve_nstrix_squation
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Building the System Matrix Equation

Normal ports Et*y Excitation or matched-loaded ports
These ports are matched-terminated (no reflections)

J NR i <
. i i o N1
o = 3 al S0 b =>as|) (output) &
j n=jn n=1 % 4
N n=1 Excitation /b;
@ =h, (input) (———— (input)
&< . . _ . _ e S A S S
b= YasSy+ >.cSy (output) b= >aSi+ »>cSp (outpuy)
L ne Normal Port ne Excitation L ne Normal Port ne Excitation
(@ —b, =0 (input) (———— (input)
S i (i) i (i) S\ i (i) i o)
bi- YasP= >csSl (output) b- >asl= >cSl (output)
ne Normal Port ne Excitation L ne Normal Port ne Excitation

Linear equations with the same number as unknowns are build.

More details are written in technical notes:

http://www-antenna.ee.titech.ac.jp/~hira/free_software/gsm_solver/technical_notes/gsm_technical _notes.pdf
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Usage (Example)

s vl e 1 Wl

dat result.dat

FINISHED

o ¥t g
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Example (Two Hybrids)

Cascade-connected two branch-line couplers (hybrids)
90-deg Hybrid  90-deg Hybrid

Delay Lin

Load

Load Load

0 0 UVZ &7 1\2 0010 0 0 UVZ &7z

0 0 SN 61{0 001 0 0 NN IRETN)

Uv2 e'zid2 o 0 1000 U2 e'zid2 o 0
ISR TN 0 o | 0100 &2z 142 0 o |
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Input file (1)

Needs two input files: A
* Input file for S-matrix description (\ FOE
* Input file for topology description Detaf Line

Input file for S-matrix description

(S mat“Xdat) 0 o 12 NN 0010 0 o U2 ¢ 312
_ 0 0 e'Z1N2 12 30001 0 0 e 212 12
Uz €742 o 0 1000 Uz €7z o 0
TN TN 0 0 0100 TN TN 0 0

o GSM SOLVER (SMATRIX INPUT FILE) -------- "

"NO. OF BLOCKS", 3 “NO. OF PORTS IN BLOCK 2", 4 "NO. OF PORTS IN BLOCK 3", 4
"NO. OF PORTSIN BLOCK 1", 4 "$(1,1) [dB, deg]=", -100.0, 0.0 "$(1,1) [dB, deg]=", -100.0, 0.0
"$(1,1) [dB, deg]=", -100.0, 0.0 "S(1,2) [dB, deg]=", -100.0, 0.0 "S(1,2) [dB, deg]=", -100.0, 0.0

"$(1,2) [dB, deg]=", -100.0, 0.0 "$(1,3) [dB, deg]=", 0.0, -90.0 "$(1,3) [dB, deg]=", -3.0103, 0.0
"$(1,3) [dB, deg]=", -3.0103, 0.0 "$(1,4) [dB, deg]=", -100.0, 0.0 "$(1,4) [dB, deg]=", -3.0103, -90.0
"S(1,4) [dB, deg]=", -3.0103, -90.0 "$(2,1) [dB, deg]=", -100.0, 0.0 "$(2,1) [dB, deg]=", -100.0, 0.0
"$(2,1) [dB, deg]=", -100.0, 0.0 "$(2,2) [dB, deg]=", -100.0, 0.0 "$(2,2) [dB, deg]=", -100.0, 0.0
"S$(2,2) [dB, deg]=", -100.0, 0.0 "$(2,3) [dB, deg]=", -100.0, 0.0 "$(2,3) [dB, deg]=", -3.0103, -90.0
"$(2,3) [dB, deg]=", -3.0103, -90.0 "S(2,4) [dB, deg]=", 0.0, -90.0 "$(2,4) [dB, deg]=", -3.0103, 0.0
"$(2,4) [dB, deg]=", -3.0103, 0.0 "S(3,1) [dB, deg]=", 0.0, -90.0 "$(3,1) [dB, deg]=", -3.0103, 0.0
"$(3,1) [dB, deg]=", -3.0103, 0.0 "S(3,2) [dB, deg]=", -100.0, 0.0 "$(3,2) [dB, deg]=", -3.0103, -90.0
"$(3,2) [dB, deg]=", -3.0103, -90.0 "$(3,3) [dB, deg]=", -100.0, 0.0 "$(3,3) [dB, deg]=", -100.0, 0.0
"$(3,3) [dB, deg]=", -100.0, 0.0 "S(3,4) [dB, deg]=", -100.0, 0.0 "S(3,4) [dB, deg]=", -100.0, 0.0

"S(4,2) [dB, deg]=", -3.0103, 0.0 "S(4,3) [dB, deg]=", -100.0, "S(4,3) [dB, deg]=", -100.0, 0.0
:2((3,2 {gg,gegr:,-igg-g, 8-8 "S(4,4) [dB, deg]=", -100.0, "S(4,4) [dB, deg]=", -100.0, 0.0
y , aeg|=-, - .0, !

:8(3,4) [dB,deg]=::,-100.0, 0.0 "S(4,1) [dB, deg]=", -100.0, 0.0 "S(4,1) [dB, deg]=", -3.0103, -90.0
$(4,1) [dB, deg]=", -3.0103, -90.0 li)? "S(4,2) [dB, deg]=", 0.0, -90.0 "S(4,2) [dB, deg]=", -3.0103, 0.0
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Input file (2)

Input file for topology description (topology.dat)

CM ------- GSM SOLVER (TOPOLOGY INPUT FILE) --------
CM CM; COMMENTS

CM CN BLOCKIi PORTi BLOCK| PORTj; CONNECT

CM EX BLOCKi PORTi MAG[dB] PHA[deg]; EXCITE

CM LD BLOCKIi PORTi; MATCHED LOAD

CM OP BLOCKIi PORTi IN_OUT[1=IN, 2=0UT]; OUTPUT
CM ED; END

CN 1321

CN 14 22

CN 23 31 90-deg Hybrid.  90-deg Hybrid
CN 24 32

EX 110.0d0 0.0d0 ( ) ( ) )

LD12
LD33 [ AV AN 7 ]

LD 34 Delay Line
OP112

OP122

OP332

ED 3

0 1/f ¢'2 12

0 0 Iz U2
Wz €71z o 0
TN TN 0 0

0 0 TN TN
U2 e'ZIN2 o 0
e 72 12 0 0

0 0 1/f ¢ 312 T 0
z 1

e
0

o
= O O O

o O O m

0
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Execute (Run)

0 vl e 1 Wl

Institute of Tec

dat result.dat

In console;

gsm s _matrix.dat topology.dat result.dat

h'd hd

-~
input file(1) input file(2) output file

June 28, 2007, Takuichi Hirano MCRG E Tokyo Tech



Result (Output File)

MCRG Seminar NO. 13

Output file (result.dat)

FkEx INPUT **** -- BLOCK 2-- -- BLOCK 3-- ---- READ TOPOLOGY ----
---- READ SMATRICES ---- S( 1, 1)= -100.000000000000 [dB], S 1, 1)= -100.000000000000 [dB], cM
NO. OF TOTAL BLOCKS= 3 0.000000000000000E~+000 [deg] 0.000000000000000E+000 [deg] cM
NO. OF TOTAL PORTS= 12 S( 1, 2)= -100.000000000000  [dB], S 1, 2)= -100.000000000000  [dB], cM
- BLOCK fles 0.000000000000000E~+000 [deg] 0.000000000000000E+000 [deg] cM
S( 1, 1)= -100.000000000000  [dB], S( 1, 3)= 0.000000000000000E+000 [dB], S 1, 3)= -3.01030000000000 [dB], cM
0.000000000000000E+000 [deg] -90.0000000000000  [deg] 0.000000000000000E+000 [deg] CcM
S 1, 2)= -100.000000000000  [dB], S 1, 4)= -100.000000000000  [dB], 1, 4)= -3.01030000000000 [dB], CN 1 3 2 1
0.000000000000000E+000 [deg] 0.000000000000000E+000 [deg] -90.0000000000000  [deg] CN 1 4 2 2
S( 1, 3)= -3.01030000000000 [dB], S 2, 1)= -100.000000000000  [dB], ¢ 2, 1)= -100.000000000000  [dB], CN 2 3 3 1
0.000000000000000E+000 [deg] 0.000000000000000E+000 [deg] 0.000000000000000E+000 [deg] CN 2 4 3 2
1, 4)= -3.01030000000000  [dB], S( 2, 2)= -100.000000000000  [dB], S 2, 2)= -100.000000000000  [dB], EX 1 1 0.000000000000000E+000
-90.0000000000000  [deg] 0.000000000000000E~+000 [deg] 0.000000000000000E+000 [deg] 0.000000000000000E-+000
S( 2, 1)= -100.000000000000  [dB], S( 2, 3)= -100.000000000000  [dB], S 2, 3)= -3.01030000000000 [dB], LD 1 2
0.000000000000000E+000 [deg] 0.000000000000000E~+000 [deg] -90.0000000000000  [deg] LD 3 3
S( 2, 2)= -100.000000000000  [dB], S( 2, 4)= 0.000000000000000E-+000 [dB], S 2, 4)= -3.01030000000000  [dB], LD 3 4
0.000000000000000E+000 [deg] -90.0000000000000  [deg] 0.000000000000000E+000 [deg] OP 1 1 2
2, 3)= -3.01030000000000 [dB], =6 3, 1)= 0.000000000000000E~+000 [dB], I 3, 1)= -3.01030000000000  [dB], OP 1 2 2
-90.0000000000000  [deg] -90.0000000000000  [deg] 0.000000000000000E-+000 [deg] OP 3 3 2
S( 2, 4)= -3.01030000000000  [dB], S( 3, 2)= -100.000000000000 [dB], 3, 2)= -3.01030000000000  [dB], OoP 3 4 2
0.000000000000000E+000 [deg] 0.000000000000000E+000 [deg] -90.0000000000000  [deg] ED
S( 3, 1)= -3.01030000000000 [dB], S( 3, 3)= -100.000000000000 [dB], S 3, 3)= -100.000000000000  [dB], ---- END OF READ TOPOLOGY ----
0.000000000000000E+000 [deg] 0.000000000000000E~+000 [deg] 0.000000000000000E+000 [deg] NO. OF GSM UNKNOWNS= 20
S( 3, 2)= -3.01030000000000  [dB], S 3, 4)= -100.000000000000  [dB], S 3, 4)= -100.000000000000  [dB], *+%% BUILD GSM MATRIX ****
-90.0000000000000  [deg] 0.000000000000000E~+000 [deg] 0.000000000000000E+000 [deg] *xkx GOLVE ****
S( 3, 3)= -100.000000000000  [dB], S( 4, 1)= -100.000000000000  [dB], S 4, 1)= -3.01030000000000  [dB], CONDITION NUMBER= 6.74204449940667
0.000000000000000E+000 [deg] 0.000000000000000E+000 [deg] -90.0000000000000  [deg] *kkx QUTPUT ****
S 3, 4)= -100.000000000000  [dB], 4, 2)= 0.000000000000000E+000 [dB], S 4, 2)= -3.01030000000000  [dB], (BLOCK, PORT, IN[1] OR OUT[2])=MAGNITUDE [dB],
0.000000000000000E+000 [deg] -90.0000000000000  [deg] 0.000000000000000E+000 [deg] PHASE [deg]
S( 4, 1)= -3.01030000000000 [dB], S( 4, 3)= -100.000000000000 [dB], S 4, 3)= -100.000000000000  [dB], ( 1, 1, 2)=
-90.0000000000000  [deg] 0.000000000000000E+000 [deg] 0.000000000000000E+000 [deg] -100.000173721609  [dB], 1.723036480736702E-008
S( 4, 2)= -3.01030000000000  [dB], S( 4, 4)= -100.000000000000  [dB], S 4, 4)= -100.000000000000  [dB], [deg]
0.000000000000000E+000 [deg] 0.000000000000000E~+000 [deg] 0.000000000000000E+000 [deg] 1, 2, 2)=
S 4, 3)= -100.000000000000 [dB], ---- END OF READ SMATRICES ---- -100.000173721464  [dB], 1.521479064812470E-008
0.000000000000000E+000 [deg] [deg]
I 90-deg Hybrid _ 90-deg Hybrid 8 3 2=
0.000000000000000E+000 [deg] /‘\/—\ -100.000000088057  [dB], -90.0011459357343
[ 3, 4, 2=
. > | -8.498318098466007E-008 [dB], 180.000000000000
Cascade-connected two branch-line couplers (]j ( —> [deg]
. *kkk FINIg_'ED****
(hybrids) works as a cross-coupler. 7 (
June 28, 2007, Takuichi Hirano were || Tokyo Tech
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Distribution
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GSM Solver

Copyright (c) 2007 Takuic!

Hirano (Tokyo Institate of Technology)
[Keywords]

Greneralized Scattering Matrix (GSM), Scattermg Matriv (5-Matri), Mzowave Cacut, Antenna, High Frequency, Electromagoets Wave,
Distributed Constant Cireuit, Connection, Mode, Transmission Line, Wavepmide, Microstrip Line, Coaxial Cable, Simulator

1. Introduction
1.1 Overview
Generalized Scatterimg Matrin (GSM) Sobver is a free software to sobve comected scattering matrin network. User cem specify arbitrasdy-

connected scattering marix network by using two input files. One input file specifies scattering matrices of each block, another one describes
connection netwerk, excitation and matched-load terminal condition.

Excitation
Excitation
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Special Attentions for Release

Fortran90

“:Dynamic memory allocation (allocate, deallocate)
“:Command-line parameter (nargs(), getarg)

“:Error trap, protect buffer over flow (Protection from
computer virus)

““Parameter check (User-friendly)

“:Declaration of copyrights and agreement for use
(Protection from lawsuit)

June 28, 2007, Takuichi Hirano NE;RG E Tokyo Tech
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URL

http://www-antenna.ee.titech.ac.jp/~hira/free _software/gsm_solver/

£ G5M Sokrr ~ Windo FE®
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GSM Solver
Copyright (c) 2007 Takuichi Hirano (Tokyo Institate of Technology)

[Keywords]

Generalized Scattering Matrix (GSM), Scattering Matrix (S-Matrix), Microwave Circuit, Antenna, High Frequency, Electromagnetic Wave,
Distribated Constant Cireuit, Connection, Mode, Transmission Line, Wavegnide, Microstrip Line, Coaxial Cable, Simulator

1. Introduction
1.1 Overview

Generalized Scattering Matrix (GSM) Solver is a free software to sobve comected scattering matrin network. User can specfy arbitresdy-

ccccccc d seattering matrix network by using two input files. One input file specifies scattering matrices of each block, another one deseribes
connection nemwerk, excitation and matched-load temenal condition
=TT S D=k A kSRek =00 -

Sl

1. Introduction

1.1 Overview

2. Agreement on the Use of GSM Solver Software
3. Download (Free Software)

3.1 Windows Console Application
3.2 Source File (Fortran 90)

4 Manudl

4.1 Example

4.2 Input Files

4.3 Execute

4.4 Other Samples

5. Technical Notes
6. Release Notes

7. Acknowledgement
“‘References
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Summary

“:Developed free software “GSM-Solver”.
1:Specia attention for release:
#Program code (User friendly, Protection from
computer virus)
#Law (Provision for lawsuit)
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