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SUMMARY

This document contains a diagram (Fig. 1) of the structure of
the subprograms called by the MXS0S2 package. Subprograms FILTER, FILABCD,
MATMUL, SEQUENC, RESPONS, WGUIDE, CSOLLU, DABCDF2, DRLOSS2, DVOLTAZ2,
SIMGRD2, INSERT, SIMUL, BETAVAL, INSOUT, CONSTI, DISPAT, DISPER, TOTAL2 and
PHASE are presented consecutively, organized for an 8 x 8 coupling matrix,
16 channels and an arbitrary number of frequencies. These subprograms form
the heart of the simulation and required sensitivity analysis for
multiplexer optimization. The essential programming differences with the
original MXSOS package are clearly identified by the character "2". This

package supercedes and replaces the packages presented earlier [1,2].

The package permits synchronously and asynchronously tuned
coupled-cavity filters distributed along a waveguide manifold to be considered.
All design parameters, e.g., filter spacings or section lengths between
channels, filter input transformer ratios and output transformer ratios, all

filter couplings and resonant frequencies can be directly optimized.

The package can exploit three commonly used practical models of the
multiplexer, depending on whether the filters are lossless or lossy (dissipation
is included), whether the junctions are ideal or nonideal (junction susceptance
is included) and whether the filters are modelled as dispersive or non-
dispersive. The waveguide manifold is always assumed dispersive. Exact
response sensitivities with respect to all permitted variables are calculated

for common port return loss and channel insertion loss.
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and called subprograms.
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SUBROUTINE FILTER(N,M,Z,P,@)
PERFORM ANALYSES FOR ALL CHANNELS
N NUMBER OF CHANNELS

M ORDER OF MATRIX

Z IMPEDANCE MATRIX

COMPLEX Z(16,8,8) ,ZT(8,8) ,P(16,8),Q(16,8),PT(8),QT(8)
DO 10 I=1,N

Do 11 J=1,M

PT(J)=(06.0,0.0)

QT(J>=(0.0,0.0)

PT(1)=(1.0,0.0)

QT(M =(1.0,0.0)

SET TWO-DIMENSIONAL Z MATRIX

PO 11 K=1,M

ZT(J,K)=Z(1,J,K)

CONTINUE

SET PARAMETER TO PERFORM LU FACTORIZATION AND FORWARD-
BACKWARD SUBSTITUTION FOR UNIT VOLTAGE AT INPUT

IPAR=© s
CALL CSOLLU(M,ZT,PT, IFALL, IPAR)

SET PARAMETER TO PERFORM ONLY FORWARD-BACKWARD SUBSTITUTION
FOR UNIT VOLTAGE AT OUTPUT .

IPAR=1
CALL CSOLLU(M,ZT,QT, IFALL, IPAR)

SET TWO DIMENSIONAL SOLUTION VECTORS,EACH COLUMN
CORRESPONDING TO ONE CHANNEL

DO 12 J=1,M
PCI,J)=PT(J)
Q(I,J)=QTJ)
CONTINUE

CONRTINUE

RETURN
END
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SUBROUTINE FILABCD(N,M,P,@,PN1,PN2,Y1,GL,YC,Y,YP,YIN, Y3,
+ Y3seae, TF, H? ,H8,H13,H14,PN11,PN12,PN22)

CALCULATION OF EQUIVALENT ABCD MATRICES OF FILTER-
JUNCTION COMBINATIONS AS SEEN IN THE WAVEGUIDE MANIFOLD

COMPLEX Y(16,4),YP(16,4) ,YIN(16),Y3(16),Y3SQ(16),TF(16,4)
COMPLEX P(16,8),Q(16,8),Y1(16),YC(16)

COMPLEX H7(16) ,HB8(16) ,H13(16),H14(16)

REAL PN1(16) ,PN2(16),GL(16)

REAL PN11C(16),PN12(16),PN22(16)

CALCULATION OF SHORT-CIRCUIT ADMITTANCE MATRIX "Y" OF
EACH FILTER

DO 13 I=1,N

Y(I,1)=PC(I,1)
Y(I,2)=Q@(1,1)
Y(I1,3)=YC(I,2)
Y(I,4)=QCI,ID

PREPARATION FOR INCLUSION OF IDEAL TRANSFORMERS
PN11CI)=PN1CI)*PN1C D)

PN12C¢ I>=PN1¢ 1> *PN2¢ I)

PN22C 1) =PN2( 1> *PN2¢ D)

INCLUSION INTO Y MATRIX OF THE INPUT-OUTPUT TRANSFORMERS
YPC(I,1)=PN11CID)*YC(I, 1) '
YPCI,2)=PNI12C I)*Y(I,2)

YPCI,3)=YP(I,2)

YP(I,4)=PN22( I>*Y(I,4)

SAVE COMMON FACTORS FOR USE WITH SENSITIVITY FORMULAS

HZ(I)=YP(I,4)+GLC(D)
HB8(I)=YP(I,2)*YP(I,2)
H13C(I)=HB( 1) 7(H?(I)*H7C(I>)
Hi4(D)=Y1C(I)*Y1C( D)

YINCDD=YP(I, 1)-HB8(I)-H?CI)

USE AN IMPEDANCE INVERTER
YINCI)=1.0-YINCD)

CONNECT THE FILTER TO THE MANIFOLD JUNCTION

Y3(I)=YC(I)+YINCID)
¥3SQ(I)=Y3( I)*Y3C(I)

TF(I,1)=1.0+Y1C(I)-/Y3(I)
TF(1,2)=1.06-Y3C1)
TFC(I,3)=Y1(I)*TF(I,1)+Y1C(I)
TFC(I,4)=1.0+Y1CI)-Y3( 1)

CONTINUE

RETURN
END
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SUBROUTINE MATMUL(V1,V2,V3,V4,V3,V6,V?,V8,V9,V10,V11,V12)

COMPLEX 2X2 MATRIX MULTIPLICATION

COMPLEX V1,V2,V3,V4,V3,V6,V?,V8,V9,V1iO,V11,V12

V9=V1xVE+V2%V7
V10=V1xV6+V2xV8
V11=V3%xV3+V4x%xV?
V12=V3%xV6+V4xVE
RETURN

END
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SUBROUTINE SEQUERC(N,KNP1,T,A):

CALCULATE THE EQUIVALENRT ABCD MATRICES OF ALL POSSIBLE
ADJACENT CASCADED SECTIONS AND STORE THEM IN THE A MATRICES.
MATRIX ACI,J,.> INDICATES CALCULATIONS

PLANE I TO REFERENCE PLANE J ,WHERE J>1I.

T IS THE ABCD MATRIX OF A SECTIONC(FILTER-JUNCTION COMBINATION

AND WAVEGUIDE SPACING)
COMPLEX T(16,4) ,A(17,17,4)
INITIALIZE UNIT MATRICES
DO 16 I=1,NP1
ACI,I,1)=CMPLX(1.0,0.0)
ACI,1,2)=CMPLX(0.6,0.0)
ACI,I,B3)=AC1,1I,2)

ACI, I, 4)=ACI, I, 1)

CONTINUE

DO 17 I=1,N
IP1=1+1

DO 18 J=1IP1,NP1
JMiI=J-1

CALL MATMULCT(JIM1,1),T(JIJM1,2),T(JM1,8),T(IJMi,4),ACI,JM1
ACI,JM1,2) ,ACI,JM1,3),ACI,JM1,4),ACL,J,1),

ACI,J,2) ,A(1,J,3),AC01,J,4))

18 CONTINUE

17

CONTINUE
RETURN
END
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SUBROUTINE RESPONS(N,NP1,RS,ZIN,RLOSS,VL,A,H23,H1,RO, RCOEFF,
yYCc, YP, TG, Y1, VS,H2, H3,H4, H53, H6,H? , H9 ,H10)

CALCULATE COMMON PORT RETURN LOSS AND OUTPUT VOLTAGE

OF EACH CHANNEL

COMPLEX VL(16),AC17,17,4), HIX(4)

COMPLEX H2(16) ,H3( 16) ,H4(16) ,H3( 16> ,H6( 16) ,H?( 16) ,H9(16) ,H10(16)
COMPLEX YC(16),YP(16,4),TG(16,4),Y1(16)

COMPLEX RCOEFF,ZIN,H22,H23,H1,JPLX
JPLX=CMPLX(©0.0,1.0)

CALCULATION OF INPUT IMPEDANCE USING ABCD MATRIX FROM
REFERENCE PLANE 1 (SHORT CIRCUIT) TO REFERENCE PLANE N+1

ZIN=A(1,NP1,2)-7AC1,NP1,4)
H22=(ZIN+R3) *(ZIN+RS)
H23=2.0*xRS-H22
RCOEFF=(ZIN-RS) 7(ZIN+RS)
RO=CABS(RCOEFF)
RLOSS=-20.0*ALOG10(RO)

Hi1=AC1,NP1,2)+RS*A(1,NP1,4)
DO 19 I=1,N
H9(I1)=1.0+YCC(I)*XYP(1,1)

H10C I>)=H7( 1) *H9C( I
H2(I)=H10( 1) -YP(I,2)-YC( D) *YP(I,2)

CALCULATE ABCD MATRICES FROM THE SHORT‘CIBCUIT REFERENCE

PLANE TO THE REFERENCE PLANE 1

CALL MATMUL(TG(I,1),TG(I1,2),TG(I1,8),TG(1,4>,A(1,1,1),AC1,1,2),
AC1,1,3),A01,1,4),HMX(1),HMX(2), HMX(3) , HMX(4))

H3( 1) =VS¥*(HMX(4)+Y1( I)*xHMX(2))
H4(C I>)=H2( I)*H1

HS5CI>)=H4C( I)*H4(I)

H6C 1)=H3( I)*H2C( )

CALCULATE OUTPUT VOLTAGES OF CHANNELS

VL( 1) =JPLX*H3( 1) 7H4( ID
CONTINUE

RETURN

END
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SUBROUTIRE WGUIDE(N, BETA, WGL, TG, DTG)

CALCULATE ABCD MATRICES OF THE WAVEGUIDE SPACINGS AND
THEIR DERIVATIVES W.R.T. SPACINGS(SECTION LENGTHS)

COMPLEX TG(16,4) ,DTG(16,4)
REAL WGL(16)

CZ=1.0
CZ2=CZ*xCZ

DO 7?7 I=1,N
TETA=BETAWGLC I)

TG(1,1)=CMPLX(COS(TETA),©.

o)

TG(1,2)=CMPLX(0.0,SIN(TETA) *CZ)

TG(1,3)=TG(1,2)-CZ2:
TG(1,4)=TG(I, 1)

DTG( I, 1) =CMPLX(-BETA*SIN(TETA) ,0.0)
DTG(1,2)=CMPLX(0.0,COS(TETA) *CZx*BETA)

DTG(1,3)=DTG(I,2)/CZ2
DTG(I1,4)=DTG(I, 1)
CONTINUE

RETURN
END
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SUBROUTINE CSOLLU(M, A, B, IFALL, IPAR)

PERFORM LU FACTORIZATION, FORWARD AND BACKWARD SUBSTITUTION

IN THE COMPLEX MODE.

COMPLEX A(8,8),B(8),ZZ

CROUT'S ALGORITHM FOR LU FACTORIZATION -

IFALL=©

M2=M-1

Mi1=M+1

IFC(IPAR.EQ. 1)GO TO 290

BEGIN FACTORIZATION -

DO 82 II=1,M2

ZZ=ACII,ID
IF(ZZ.EQ.(9.0,0.0))G0 TO 100
MM=11I+1

DO 82 J=MM,M
ACII,IN=ACI1,JX-2Z

DO 80 K=MM,M

ACK, D =AK, D -AK, ID)*ACII,J) .
CORTINUE

FORWARD SUBSTITUTION

CONTINUE

IF(AC1,1) .EQ.(0.0,0.0))G0 TO 100
B(1)=B(1)-AC(1,1)

DO 88 11=2,M

ZZ=ACII,ID)
IF(ZZ.EQ.(9.0,0.0))G0 TO 100
IM=II-1

DO 86 K=1,IM
B(ID=B(II)—ACII,K)*B(K)
B(IDD=B(II)-ZZ

CONTINUE

BACKWARD SUBSTITUTION

DO 92 L=2,M

II=Mi-L

IP=11I+1

DO 90 K=IP,M
B(IDN=B(IDN~-ACII,K*B(K)
CONTINUE

GO TO 120

IFALL=-1

WRITE 200

FORMAT(- "INDEFINITE. VALUE IN CSOLLU DUE TO ZERO ON THE DIAGONAL"™)

CONTINUE
RETURN
END
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SUBROUTINE DABCDF2(N,M, IR, IRT, IPN1, IPN2,LC,KC,DYP11,
DYP21,DYP22,YIN,P,Q,PN1,PN2,
PN11,PN12,PN22,H7,H13,H14,Y1,TG,D, Y3SQ, YP,
LAMR, IDISPER)

++ 4

CALCULATE DERIVATIVES OF THE FILTER~-JUNCTION ABCD MATRICES
W.R.T. VARIABLE COUPLING ELEMENTS, AS WELL AS INPUT-/OUTPUT
TRANSFORMER RATIOS, AND STORE THEM IN A DESIGNATED ARRAY
FOR THE DERIVATIVES OF THE ABCD MATRICES OF THE SECTIONS
W.R.T. ALL VARIABLES CONTAINED IN THEM

INTEGER IR(16), IRT(16), IPN1(16), IPN2(16),LC(16,86) ,KC(16,36)
REAL PN1(16) ,PN2(16) ,PN11(16) ,PN12(16),PN22(16) ,LAMR(16)
INTEGER CEL(16,8,8)

COMPLEX DY11,DY21,DY22,DYP11(160) ,DYP21(1690),DYP22(100)
COMPLEX DYIN, DAF, DBF, DCF, DDF

COMPLEX P(16,8),Q(16,8),Y1(16) ,HI53,H7(16) ,H13(16) ,H14(16)
COMPLEX TG(16,4) ,D(100,4) ,YINC(16),YINS@,JPLX, Y35Q( 16),YP(16,4)
COMPLEX Hv?2

COMMON-BLK?7~-CEL

JPLX=CMPLX(©0.0,1.0)"

DO 21 I=1,N
YINS@=YINCI)*YINCI):
H?2=2.0*YP(I,2)7H7( D)
IMi=1I-1

IFCIRCI) .EQ.0)GO TO' 10

KP=IRC D)
DO 22 J=1,KP _ .

IX3=LCC(I,J)
IX4=KCC(I,J)

IF(I.EQ.1)G0O TO 23
IV=IRT(IM1)+J
GO TO 24

23 1vV=J
24 CONTINUE

85

36

IF(IX3.EQ. IX4)GO TO.33

DY11=-2.0xJPLX*P( I, IX3)*P(I, IX4)
DY21=~JPLX*(PCI, IX3)*Q(I, IXA)+P(I IX4)*xQ(I,IX3))
DY22=~2.,.0xJPLX*Q( I, IX3)*Q( I, IX4)

IF( IDISPER.NE. 1)GO TO 36
CF=LAMR( I) **CEL( I, IX3, IX4)
DY11=DY11xCF

DY21=DY21x%CF

DY22=DY22xCF

GO TO 36

DY11=—JPLX*P(I, IX3)*P(I, IX3)
DY21==JPLX*P( I, IX3)*Q(I, IX3)
DpY22=~JPLX*QC I, IX3)*Q(I, IX3)
CONTINUE
DYP11CIV)=PN11CI)*DY11
DYP21(IV)=PN12(I)*DY21
DYP22( 1V) =PN22( I) *DY22

DYIN=DYP11( IV)-DYP21( IV)*xH?2+DYP22( IV> *H13C I)
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USE AN IMPEDANCE INVERTER
DYIN=-YINSQ*DYIN
H18=-DYIN-Y3SQ( I)

DAF=Y1(1)*H13
DBF=H13
DCF=H15xH14( I)
DDF=DAF

CALL MATMUL( DAF, DBF,DCF,DDF,TG(I,1),TG(1,2),
T™G(1,3),TG(1,4> ,DCIV,1),DC(IV,2),D(IV,8),DC(IV,4))

CONTINUE

CONTINUE
IFC(CIPNIC D)+ IPN2( 1)) .EQ.0)GO TO 21
IFC(IPNICI) .EQ.©9)GO TO 11

J=IR(I)+1
IF(I.EQ.1G0 TO 12
IV=IRTCIM1)+J

GO TO 13

Iv=J

CONTINUE

DYP11CIV)=2.0%xPN1CI)*P(I, 1)
DYP21C(IV)=PN2(I>*Q(I, 1)
DYP22(1IV)=(06.0,0.0)
DYIN=DYP11( IV)—-DYP21(IV)*H72
DYIN=-YINS@*DYIN

H15=-DYIN-Y3SQ(I)>
DAF=Y1(1)*H18
DBF=H13
DCF=H15*H14( I)
DDF=DAF

CALL MATMUL( DAF, DBF, DCF,DDF,TG(1,1),TG(1,2),T6(1,3),TG(I1,4),

DCIV,1),DCIV,2),DC(IV,8),DC(IV,4))

11 CONTINUE

15
16

IFC(IPN2(I) .EQ.0)G0O TO 21
J=IR(I)+IPN1CI)+1
IF(I.EQ.1)GO TO 138
IV=IRTC(IM1D) +J

GO TO 16

Iv=J

CONTINUE

DYP11(IV)=(0.0,0.0)
DYP21CIV)=PN1C(I)*@(I, 1) !
DYP22( IV)=2.0%PN2( D *Q(I,M
DYIN==DYP21( IV)*H?2+DYP22( IV) *H13C( D
DYIN=-YINS@*DYIN

H15=-DYIN-Y3Sa@( I
DAF=Y1( I)*H13
DBF=H13
DCF=H13xH14( I)
DDF=DAF

CALL MATMUL( DAF, DBF, DCF,DDF,TG(1,1),TCG(1,2),T6(I,3),TG(1,4),
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21 CONTINUE
RETURN
END
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D(IV,1),DCIV,2),DC(IV,3),D(IV,4))
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SUBROUTINE DABCDG2(N, IRT, IWG,D,DG)

STORE THE CALCULATED DERIVATIVES OF THE ABCD MATRICES OF THE
WAVEGUIDE SPACINGS W.R.T. SPACINGS (FROM SUBROUTINE WGUIDE)
IN THE DESIGNATED DERIVATIVE ARRAY OF THE ABCD MATRICES OF
THE SECTIONS (ONLY FOR THOSE SPACINGS WHICH ARE VARIABLES)

INTEGER IRT(16),H20, IWG(16)
COMPLEX D(100,4) ,DG(16,4)

DO 40 I=1,N

IFC(IWG(I) .EQ.9)GO TO 40
H20=IRTC I)

DO 42 J=1,4
D(H20,J)=DG(I,J)
CONTINUE
CONTINUE

RETURN

END
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SUBROUTINE DRLOSS2(N,NP1, IRT,E,F,A,D,H23, RCOEFF, RO, DRTLOSS)

CALCULATE SENSITIVITIES OF COMMON PORT RETURN LOSS W.R.T.
ALL VARIABLES

INTEGER IRT( 16>

COMPLEX E(106,4) ,F(100,4) ,A(17,17,4) ,D(100,4) ,H23, RCOEFF
COMPLEX DZIN,H21,DRCFF,H212

REAL DRTLOSS(100)

XP=IRT( 1)

IF(KP.EQ.0>G0O TO 10"
DO 506 J=1,KP
DO 53 K=1,4

E(J,K)=D(J,K)
CONTINUE

CALL MATMULCA(2,NP1,1),A(2,NP1,2),A(2,NP1,3),A(2,NP1,4),D(J, 1),
D(J,2,b(J,3,DJ,4) ,F(J,1),F(J,2),F(J,3),F(J,4))

CONTINUE
CONTINUE

IF(N.EQ. 1)GO TO 354

DO 51 I=2,N

IiM=1-1
IFCIRTCI) .EQ. IRTC(IM1))GO TO 51
JB=IRTCIM1)+1

JE=IRTCI)

IP1=1I+1

DO 852 J=JB,JE

CALL MATMUL(D(J, 1),D(J,2),D(J,3),D(J,4),A4C(1,I,1),A(1,1I,2),
AC1,1,3),AC1,1,4),E(J,1),E(J,2),E(J,3),EW(J,4))

CALL MATMULCACIP1,NP1,1),ACIP1,NP1,2),AC(IP1,NRP1,3),ACIP1,NP1,4),

E(J, 1) ,E(J,2),E(J,8),E(J,4),F(J,1),F(J,2),F(J,3,
F(J,4))

CONTINUE

CONTINUE

CONTINUE

H21=1.06-(A(1,RP1,4)*AC1,NP1,4))
H211=-20.0-CAL0OG( 10.0)*RO*R0O)
H212=CONJG(RCOEFF)

XP=IRT(IN)
DO 53 J=1,KP

DZIN=H21*(A(1,NP1,4)*F(J,2)~AC(1,NP1,2)*F(J,4))
DRCFF=H23*%DZIN

DRTLOSS(J)=H21 1*REAL(H2 12%DRCFF)

CONTINUE

RETURN

END
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SUBROUTINE DVOLTA2(N, IRT, IR, IPN1, IPN2, IWG, VS, H4, TG, H6, RS,
+ DVL,F,H3,H3,H1,YC,Y1,H10, H8, HY, YP, H?,DYP21, DYP22,DYP11,

+

DTG, A,E)

CALCULATE SENSITIVITIES OF ALL OUTPUT VOLTAGES W.R.T. ALL
VARIABLES

INTEGER
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX

IRT(16) ,IR(16), IPN1(16), IPN2(16), IWG(16), UPB, UPBP1
AC1?7,17,4) ,E(100,4) ,DAI(100,4),Y1(16) ,TG( 16,4

DVL(16, 100) ,F(100,4) ,YC(16),YP(16,4)

DH2,DYP21( 160) ,DYP22( 100) ,DYP11(160) ,DTG(16,4)

H3(16) ,H4(16) ,H53(16) ,H6(16) ,H?(16) ,HB(16) ,H9( 16) ,H10(16)
JPLX, H1

H29 ,H30,H31, H32, H35, H36 ,H37, H50,H51, H52, H40,H41, H42, H43

JPLX=CMPLX(0.0,1.0).

DO 60 I=1,N

H29=-VS*H4( I)
H30=C(Y1( I)*TGC(I, 1)+TG(1I,3))*xH29
H31=(Y1C( I)*TGC(1,2)+TG(1,4))*H29
H32=H6( 1) *RS

H33=H3( I)*xH1-H3C I)
H36=H6( 1) ~H3C( ID
H37=H36%RS

H40=(Y1C( I>)*DTG(I, 1)+DTG(1,3))>)*A(1,1,2)
H41=(Y1(I>*DTG(I,2)+DTG(I,4))*Aa(1,1,4)

H42=VS*(H30+H4 1)

H43=-H42-H4( I)

H30=-YC(1)—-H10(I)-HB8( I
H31=H9CI)-YP(I1,2)
H32=H?( I)*YC(I)-YP(I,2)

UPB= IRTC(I)
IF(UPB.EQ.©®)GO TO 10

IMi=1I-1

IF(I.EQ.1)GO TO 70

LOB=IRT(IM1)
IF(LOB.EQ.©9)GO TO 7o

DO 62 JJ=1, IM1

ISECT= IR(JJ) +IPN1(JJ) + IPR2(JJ) + IWG(JJ)
IF( ISECT.EQ.0)GO TO 62

LL=IRT(JJ)

XK=LL-ISECT+1

JIP1=JJ+1
DO 63 J=KK,LL

CALL MATMULCAC(JJP1,I1,1),AC(JJP1,1,2),AC(JJP1,1,3),AC(JJP1,1,4),

-+
+

E(J, 1) ,E(J,2) ,E(J,3),E(J,4),DAI(J, 1) ,DAICI,2),
DAICJ,3) ,DAIC(J,4))

63 CONTINUE
62 CONTINUE

DO 63 J=1,L0B

DVL(I,J)=(H30xDAI(J,2)+H31%*DAI(J,4)+H6( I1)*F(J,2)+H32%F(J,4)) 7H3C(I)

DVL(1,J)=-JPLX*DVL(I,J)
683 CONTINUE
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IFCIRTCI) .EQ. IRT(IM1))GO TO 10 ,
GO TO 72

LOB=0

LOB1=LOB+1

DO 66 J=LOB1,UFB
IF(J.NE.UPB>GCO TO 30
IFCIWGCI) .NE. 1)GO TO 30

DVLC1,J)=H43+H36%F(J,2)+H37*F(J,4)
DVL(1,J)==JPLX*DVL(I,J)

GO TO 66

CONTINUE
DH2=H30%xDYP21(J) +H3 1*DYP22(J) +H32*xDYP11(J)

DVL( 1,J)=H33%*DH2+H36%F(J,2) +H37*F(J,4)
DVL(1,J)==JPLX*DVLCI,J)
CONTINUE

XKP= IRT(N)

IF(UPB.EQ.XKP)GO TO 69

UPBP 1=UPB+1

DO 67 J=UPBP1,KP
DVL(1,J)=H36*xF(J,2)+H37*F(J,4)
DVLC(1,J)=—JPLX*DVL(I,J)

CONTINUE
CONTINUE
RETURN
END
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SUBROUTINE S1MGRD2(OMEG, RLOSS, DRTLOSS, INLOSS, DINLOSS,N, M,

-+

ICOUNT, IFLAGJS, IFLAGDP, IDISPER)

THIS SUBROUTINE CALLS ALL OTHER SUBROUTINES NECESSARY TO
CALCULATE THE RESPONSE AND EXACT SENSITIVITIES

COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX

7Z(16,8,8) ,P(16,8),Q(16,8)

Y(16,4) ,YP(16,4) ,YINC16),Y1(16) ,¥Y3(16),¥YC(16)
TF(16,4) ,TG(16,4) ,T(16,4) ,A(17,17,4),Y3SQ(16)
H2(16) ,BH3(16) ,H4(16) ,H3(16) ,H6(16) ,H7(16) ,HB( 16)
H9(16) ,H10(16) ,H13(16) ,H14(16)

VL(16)

H1,H23,ZIN, RCOEFF

s,SD

REAL WO(16),BW(16)

REAL CM(16,8,8) ,PN1(16) ,PN2(16),PN11C(16),PN12(16) "
REAL PN22(16),GL(16),WGL(16)

REAL INLOSS(16),DINLOSS(16, 100)

REAL DISP(16),LAMR(16)

REAL FCNST(16),LAMRES(16),LAMDEL(16),LAMFIL,LREAC

INTEGER
INTEGER
COMPLEX
COMPLEX
COMPLEX
COMPLEX

IR(16), IRT(16) ,L.C(16,36) ,KC(16,36) ,CEL(16,8,8)
IPN1(16), IPN2(16), IWG(16)
DYP11(100) ,DYP21( 100) ,DYP22( 100)

D( 100,4)

DTG(16,4) ,DG(16,4)

E(100,4) ,F(100,4)

REAL DRTLO3S(100)

COMPLEX

DVL( 16, 100) -

COMMON-BLK1-WO,BW,PN1,PN2,GL,VS,RS,PI2, WIDTH, NP1 .
COMMON-BLK2-CM, WGL

COMMON-/BLK4%~-CBR, FCUT

COIMMON-BLK3-DISP

COMMON.BLK6~-FCNST, LAMRES, LAMDEL

COMMON-/BLK?~CEL

COMMON~-BLKS- IR, IRT, IPN1, IPN2, IWG,LC,KC

IF( ICOUNT.NE.1)GO TO B

DO 100 I=1,N

DO 100 J=1,M

DO 100 KK=1,J .
CMC(1,J,KK)=CM(I,KK,J)
CONTINUE

DO 99 1I=1,N

DO 99 J=1,M

DO 99 K=1,M
z(1,J,K)=CMPLX(0.06,CM(I,J,K))>:
CONTINUE

C1=118062.83
C2=4.0%WIDTH*WIDTH

CONTINUE

IFCIDISPER.NE. 1)GO TO 500

Do 351 I=1,N
LAMF IL=C1-SQRT(OMEG*OMEG-FCNST( I))
LAMRC I) =LAMF IL-LAMRES(I)

LREAC=2.

0% ( LAMRES (1) ~-LAMFIL) /LAMDEL(C ID

SET UP THE COMPLEX IMPEDANCE MATRIX OF THE FILTERS
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DO 82 J=1,M

DO B2 K=1,M
Z¢(1,J,K)=CMPLX(0.06,CM(1,J,K))*LAMR(I)**CEL(I,J,K)
CONTINUE

SET UP DIAGONAL ELEMENTS INCLUDING FILTER DISPERSION

DO 83 J=1,M
Zz(1,J,J)=CMPLX(©0.0,CM(I,J,J)+LREAC)

INCLUDE FILTER DISSIPATION

IFCIFLAGDP.EQ. 1)Z(I,J,J)=Z(1,J,J)+DISPCI)
CONTINUE
CONTINUE
GO TO 75

CONTINUE

DO 106 I=1,N

XR=WOC I) 7BWCI)

C3=(OMEG-WO( I))—-(WOCI)-OMEG)
S=CMPLX(0.9,C3)

SD=S*xXR

SET UP DIAGONAL ELEMENTS FOR ZERO FILTER DISPERSION

DO 106 J=1,M
Zz¢(1,J,J)=CMPLX(0.6,CM(I1,J,J))+SD

INCLUDE FILTER DISSIPATION

IFCIFLAGDP.EQ.1)Z(1,J,J)=2ZC(1,J,J)+DISP(I)
CONTINUE

CONTINUE
IF(IFLAGJS.EQ.1)GO TO 68
DO 66 I=1,N
YC(I)=CMPLX(90.0,0.0)
Y1(I)=CMPLX(0.0,0.0)
CONTINUE

GO TO Vo

CONTINUE
THE JUNCTION SUSCEPTANCE IS CALCULATED

BETAJS=FCUT/(( (206 .0%( CBR"OMEG) *%2) —1.0) *SQRT( OMEG*OMEG-FCUT*FCUT) )

DO 69 I=1,N .
YC(I1)=(0.6,0.0)
Y1C(1)=CMPLX(©.0,-BETAJS)
CONRTINUE

CONTINUE

CALL BETAVAL(C1,C2,0MEG,PI2,BETA)
CALL FILTER(N,M,Z,P,Q)

CALL FILABCD(N,M,P,@,PN1,PN2,Y1,GL,YC,Y,YP,YIN, Y3,
Y3se, TF,H? ,H8,H13,H14,PN11,PN12, PN22)

CALL WGUIDE(N, BETA, WGL, TG, DTG)

DO 121 I=1,N
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CALL MATMULC(TF(I,1),TF(I1,2),TF(I1,8),TF(1,4),TG(I,1)>,TG(I,2),

-+

CONTINUE

T™G(1,3), TG(1,4>,TC(1,1),TC(1,2),T(1,3),T(1,4))

CALL SEQUENC(N,NP1,T, A)

CALL RESPONS(N,NP1,RS,ZIN,RLOSS,VL, A, H23, H1, RO, RCOEFF,

-+

YC, YP,TG,Y1,VS,H2,H3, H4, H5,H6 ,H?, H9 ,H10)

CALL DABCDF2(N,M, IR, IRT, IPN1, IPN2,LC,KC,DYP11,

++4

DYP21,DYP22,YIN,P,Q,PN1,PN2,
PN11,PN12,PN22,H?,H13,H14,Y1, TG, D, Y3SQ, YP,
LAMR, IDISPER)

DO 123 I=1,N

CALL MATMUL(TF(I,1),TF(1,2),TF(1,3),TFC(I1,4),DTG(I,1),DTG(]I,2),

-+

CONTINUE

pTG(1,8) ,DTG(1,4),DG(I1,1),DG(1,2),DG(1,3),DG(I1,4))>

CALL DABCDG2(N, IRT, IWG,D,DG&)

CALL DRLOSS2(N,NP1, IRT,E,F,A,D,H23, RCOEFF, RO, DRTLOSS)

CALL DVOLTAZ2(N, IRT, IR, IPN1, IPN2, IWG, VS, H%, TG, H6, RS, DVL, F, HG,
+ H3,H1,YC,Y1,H1e,H8,H9,YP,H?,DYP21,DYP22,DYP11,DTG, A,E)

CALL INSERT(N, VL, DVL, INLOSS, DINLOSS, IRT)

RETURN
END
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SUBROUTINE INSERT(N, VL,DVL, INLOSS, DINLOSS, IRT)
CHARNEL INSERTION LOSS AND ITS SENSITIVITIES ARE CALCULATED

COMPLEX VL(16) ,DVL(16, 100) , HH2
REAL INLOSS(16),DINLOSS(16,100)
INTEGER IRT( 16)

THIS SUBROUTINE IS WRITTEN FOR VS=1.0, RS=1.0, GL(I>=1.0

HHO=-20.06-AL0G(10.0)

XKP= IRT(N)

DO 10 I=i1,N

VABS=CABS(VL(I))
INLOSS(I)=-20.0*%AL0G10(2.06%xVABS)
HH1=HHO-( VABS*VABS) "
HH2=CONJG(VLC(I))

DO 20 J=1,KP
DINLOSS(I,J)=HH1*REALCHH2*DVL(I,J))
CONTINUE

CONTINUE

RETURN

END
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SUBROUTINE SIMUL(OMEG,N,M, ICOUKNT, IFLAGJS, IFLAGDP, IDISPER,

RLOSS, INLOSS, ANGLE)

THIS SUBROUTINE CALLS ALL SUBROUTINES NECESSARY FOR RESPONSE

CALCULATIONS ONLY

COMPLEX Z(16,8,8),P(16,8) ,Q(16,8)

COMPLEX Y(16,4),YP(16,4) ,YIN(16),Y1(16),Y3(16),YC(16)
COMPLEX TF(16,4) ,TG(16,4) ,T(16,4) ,A(17,17,4) ,Y38Q(16)
COMPLEX DTG(16,4)

COMPLEX H2(16) ,H3(16) ,H4(16),H3(16) ,H6(16) ,HZ?(16) ,HB(16)

COMPLEX H9(16) ,H10(16) ,H13(16) ,H14(16)

COMPLEX VL(16)

COMPLEX H1,H23,ZIN, RCOEFF

COMPLEX 8,SD

REAL WO(16),BW(16)

REAL CM(16,8,8) ,PN1(16) ,PNR2(16) ,PN11(16),PN12(16):
REAL PN22(16),GL(16) ,WGL(16), INLOSS(16) , ANGLE( 16)

REAL DISP(16),LAMR(16)

REAL FCNST(16) ,LAMRES(16),LAMDEL( 16) ,LAMFIL, LREAC
INTEGER CEL(16,8,8)

COMMON/BLK1~-WO,BW,PN1,PN2,GL,VS,RS,PI2,VWIDTH, NP1
COMMON-BLK2-CM, WGL

COMMON-BLK4-CBR, FCUT

COMMON/BLK3~-D1ISP

COMMON/BLK6/FCNST, LAMRES , LAMDEL

COMMON~-BLK?~-CEL

IF( ICOUNT.NE.1)GO TO ©

DO 100 I=1,N

DO 1060 J=1,M

DO 1006 KK=1,Jd
CM(I,J,KK)=CM(I,KK,J)
CONTINUE

DO 99 I=1,N

DO 99 J=1,M

DO 99 K=1,M
Zz¢1,J,KD=CMPLX(0.0,CM(I,J,K))!
CONTINUE

C1=11802.85
C2=4.0%xWIDTH*WIDTH

CONTINUE

IFC( IDISPER.NE. 1)GO TO 3500

DO 51 I=1,N

LAMF IL=C1/SQRT( OMEG*OMEG~FCNST( I>)
LAMRC I) =LAMF IL-LAMRES( I)

LREAC=2.0x( LAMRES( 1) ~-LAMFIL) 7LAMDEL( ID

SET UP THE COMPLEX IMPEDANCE MATRIX OF THE FILTERS

DO B2 J=1,M
DO 82 K=1,M
Zz¢1,J,K)=CMPLX(©0.0,CM(I,J,K))*LAMR( I)**CEL(I,J,K)

CONTINUE
SET UP DIAGONAL ELEMENTS INCLUDING FILTER DISPERSION
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DO B3 J=1,M
Z(1,J,J)=CMPLX(©0.06,CM(1,J,J)+LREAC)

INCLUDE FILTER DISSIPATION

IFCIFLAGDP.EQ. 1)Z(I,J,J)=Z(1,J,J)+DISPC(ID)
CONTINUE
CONTINUE
GO TO 7?5

CONTINUE

DO 106 I=1,N

XR=WOC 1) BW(I)
C3=(OMEG-WO(1))-=(WO(I)-0OMEG)
S=CMPLX(©.0,C3)

SD=S*XR

SET UP DIAGONAL ELEMENTS FOR ZERO FILTER DISPERSION

DO 106 J=1,M
ZC1,J,J)=CMPLX(©6.06,CM(I,J,J))+SD

INCLUDE FILTER DISSIPATION

IFCIFLAGDP.EQ.1)Z(I1,J,J)=ZC(I,J,J)+DISPCI)
CONTINUE

CONTINUE
IF(IFLAGJS.EQ. 1)GO TO 68
DO 66 1=1,N
YC(I)=CMPLX(9.0,0.0)
Y1(1)=CMPLX(©.6,06.0)
CONTINUE

GO TO 7o

CONTINUE
THE JUNCTION SUSCEPTANCE IS CALCULATED

BETAJS=FCUT-/(( (20 .0%( CBR“OMEG) *%2) —1.0) *SQRT( OMEG*OMEG—-FCUT*FCUT) )

DO 69 I=1,N

YC(I>)=(0.06,0.0)
Y1(I)=CMPLX(©0.06,-BETAJS)

CONTINUE

CONTINUE

CALL BETAVAL(Ci1,C2,0MEG,PI2,BETA)
CALL FILTER(N,M,Z,P,Q)

CALL FILABCD(N,M,P,Q,PN1,PN2,Y1,GL,YC,Y,YP,YIN,Y3,
Y3se, TF,H? ,H8,H13,H14,PN11,PN12, PN22)

CALL WGUIDE(N,BETA, WGL, TG, DTG)

DO 121 I=1,N

CALL MATMULCTF(I,1),TFC(I1,2),TF(I,3),TF(I,4),TG(I,1)>,TG(I,2),
T™GC(I1,3), TG(1,4),T(I1,1),TC(1,2),T(1,3),T(I,4))

121 CONTINUE

CALL SEQUENC(N,NP1,T,A)
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009877
ono878
002879
000880
000881
000882
20028683
009884
0098835
0092886
200887
000888
000889
000890
09989 1
0069892
000893
090894
009893
009896
000897
200898
009899
0092900
000901
009902
009903
0060904
003903
063906
909907
009908
00D309
009910
069911
200n912
009913
00929 14
060915
009916
009917
000918
0092919
200920
000921
009922
009923
00692924
0092925
0092926
009927
009928
009929
00D930
009931
009932
009933
009934
0HD9I33
909936
0090937
009938
00D939
000940
009941
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CALL RESPONS(N,NP1,RS,ZIN, RLOSS,VL, A, H23,H1,RO, RCOEFF, 000942

+ YC,YP,TG,Y1,VS,H2,H3, H4,H5,H6,H?,H9,H10) 000943
000944

CALL INSOUT(N, VL, INLOSS) 000945

000946

CALL PHASE(N, VL, ANGLE) 0090947

000948

RETURN 000949

END 000950

009951

0SA-84-MX-7-L
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SUBROUTINE BETAVAL(C1,C2,0MEG,PI12,BETA)

WAVEGUIDE MANIFOLD PROPAGATION PHASE CONSTANT IS CALCULATED

REAL LAM,LAMG
LAM=C1-OMEG

LAMG=LAM/SQRT( 1.0~-LAMXLAM-C2) -

BETA=P12-LAMG
RETURN
END

OSA-84-MX-7-L

000932
009933
000934
©009353
609956
900937
0099058
000939
000960
000961
000962
000963
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SUBROUTINE INSOUT(N, VL, INLOSS)
CHANNEL INSERTIONR LOSS 18 CALCULATED

COMPLEX VL(16)
REAL INLOSS(16)

THIS SUBROUTINE IS WRITTEN FOR VS=1.6, RS*1.06, GL(I>=1.0

DO 16 I=1,N

VABS=CABS(VL(1))

INLOSS( 1)=-20.0*AL0G10(2.0%xVABS)
CONTINUE

RETURN

END

OSA-84-MX-7-L

000964
000960
000966
000967
000968
000969
000970
000971
000972
000973
000974
00097
000976
009977
009978
009979
000980
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SUBROUTINE CONST1(WIDTH)
WAVEGUIDE MANIFOLD CUTOFF FREQUENRCY 18 CALCULATED

COMMON/BLK4~-CBR, FCUT
CBR=11802.85
FCUT=CBR-(2.0xWIDTH)
RETURN

END
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000981
000982
0006983
009984
060985
009986
0069987
000988
009989
000990
000991
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SUBROUTINE DISPAT(N, WO,BW, Q0) .

FILTER DISSIPATION IS CALCULATED USING UNLOADED @, BANDWIDTHS

AND CENTER FREQUENCIES

REAL WO(16) ,BW(16) ,DISP(16),Q0(16)

COMMON/BLK3-/DISP

DO 10 I=1,N

DISP(I)=WO( I)~(BW( 1) *@0CI))

CONTINUE
RETURN
END

OSA-84-MX-7-L

000992
000993
000994
000990
009996
000997
000998
009999
001000
001001
001002
001003
001004
001005
001006
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SUBROUTINE DISPER(N, WO,BW,DIA)

CALCULATES THE DISPERSIVE EFFECTS IN EACH FILTER

THE OUTPUT FROM THIS SUBROUTINE INCLUDES FILTER GUIDE
WAVELENGTH CORRESPONDING TO THE FILTER RESONANT FREQUENCY
AND THE DIFFERENCE IN FILTER GUIDE WAVELENGTHS CORRESPONDING
TO THE BAND EDGES.

REAL WO(16) ,BW(16) ,DIA(16) ,FCRST(16) ,LAMRES(16),LAMDEL( 16)
REAL LAMLOG,LAMHIG

COMMON-BLK6-FCNST, LAMRES, LAMDEL

CB=11802.85

CDIA=CB-1.7063

DO 106 I=1,N
FCNST(1>=CDIA-(DIAC ID*DIACI)) !

FLO=WOCI)-BW(I)-r2.0
FHI=FLO+BW( I)

LAMLOG=CB~ ( SQRT( FLOXFLO-FCNST( 1

3
LAMHIG=CB- (SQRT(FHI*FHI-FCNST(I1)))

>
)
LAMRES( I) = (LAMLOG+LAMHIG) 72.0 -
LAMDEL( I)> =LAMLOG-LAMHIG

CONTINUE
RETURN
END
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@01007
001008
001009
001010
001011
ee1012
001013
e01014
001015
01016
ev1017
ee1018
001019
001020
ev1e21
001022
001023
901024
eo1025
001026
eo1027
001028
001029
001030
001031
e01032
001033
001034
001035
001036
001037
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SUBROUTINE TOTAL2(N, IR, IRT, IPN1, IPN2, IWG)

CALCULATE THE TOTAL NUMBER OF VARIABLES ACCUMULATED AFTER
EACH SECTION

INTEGER IR(16), IRT(16), IPN1C(16), IPN2(16), IWG(16)
IRT(1)=ITRC 1)+ IPN1IC D)+ IPN2( 1) +IWG( 1)

IF(N.EQ.1)GO TO B

DO 18 I=2,N

IMi=]I-1
IRTCD)=IRT(IMD+IRCD) + IPN1C D)+ IPR2(C D) +IWGC( 1D
CONTINUE

CONTINUE

RETURN

END
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901038
0061039
001040
001041
001042
001043
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0010435
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0010350
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SUBROUTINE PHASE(N, VL, ANGLE)

GIVEN THE COMPLEX CHANREL OUTPUT VOLTAGE CALCULATE THE

CORRESPONDING PHASE .

COMPLEX VL(16)
REAL ANGLE(16)

DO 10 I=1,N
HRE=REAL(VLC 1))
HIM=AIMAG(VLCI)>)

ANGLE( 1) =ATAN2(HIM, HRE)
CONTINUE

RETURN

END
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