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A Fortran Program for Ellipsometry of Surface Films on Metals

Kiyokatsu Kupo and Norio SaTo
(Received November 29, 1970)

Abstract

A Fortran computer program for ellipsometry to analyse multiple absorbing films on
metals by means of single reflection and multiple reflection methods using an ellipsometer
with a quarter-wave plate on the side of the incident beam is presented. This program
makes it possible to calculate not only the theoretical reflection parameters as a function of
optical constants of the substrate, film thicknesses of the uppermost and inner film and the
angle of incidence, but also the optical constants and thickness of the surface film within a
specified experimental error by comparing calculated reflection parameters with measured
polarizer and analyser settings for a given surface. The program is applicable to any surface

films particularily for the purpose of oxidation study of metals.
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THS
XPI
X1
XX3
INX
NC
NX

10

20

30
31

40
50

60

61
62

70
72

80

100

SR PRI BT 5 B AL o> — Dy ik

R arg (R} WL

R ¢ (rad) XMP

R ny X2

R nye OEHFH XR

L A L]

I « NP, NL
I NP—-4 NF

5. FORTRAN 7'o43 A

COMPLEX CS (9), RI (9), G (9), CRP (9), CRS (9), RP (8), RS (8)
COMPLEX TC (4), CSS, DCX, DCY, RIS, RIX, RHO, SX, GX

REAL D (9)

RAD (X)=3.1415926*X/180.0
DEG (X)=57.295779*X
WRITE (6, 11)

R
R
R
R
1
I
I

A

mod (RY)
Mow
(X2—-X1)/8
531 %

EV IR
W o B

WR
XMS
X3
Z1~76
L.

M, MQ

MR, MI
ML, MK
MJ, MX

FORMAT (1H1/1H , 36HPROG. 1 MULTIPLE FILM ELLIPSOMETRY)

NC=10

NP =3

MQ=MR=1

MI=ML=MY =0

QZ=90.0

ED =50

RR=4.0

TR=1.0

ERP=ERA =001

D (2)=D2I=CP=R2=A2=0.0

READ (5,31) INX, Z1, 72, 73, Z4, Z5, 76

FORMAT (14, 1X, 6F10.4)
1F (INX—1100) 40, 160, 220
IF (INX —1000) 50, 140, 150
L=INX

IF (L—2) 60, 100, 110

RI (1)=CMPLX (Z1, 0.0)
PHI=PHX =72
XPI=RAD (PHI)

CS (1)=CMPLX (CO3 (XPI), 0.0)
SN=SIN (XPI)

SX=RI (1)*SN

WL=123

WR =12.566371/WL

IF (24) 61, 70, 61

1F (74-90.0) 62, 70, 62
Q7=174

Q=RAD (QZ)

MQ=2

IF (25) 71, 80, 71

IF (Z5—1.0) 72, 80, 72
TR=Z5

MR =2

WRITE (6, 81) TR, Z1, PHI, WL, QZ

R
R

R

I

47fA

mod (R})
(X2+X1)/2
— R IR
kit

R T

FORMAT (1HO, 10HCONDITIONS, 12X, 20HNUMBER OF REFLEXION=F40, 6H TIMES/

11HO 10X, 14dHPHASE 1. N=F84, 7H, PHI=F83, 10H DEG, WL=F81,

29H ANG, Q=F83, 4H DEG)
GO TO 30

R2=R2[=Z1
A2=A2l=—ABS (Z2)

R2G =23



A2G = —ABS (Z4)
R2F =75
A2F = —ABS (Z6)
WRITE (6, 101) R2I, A21, R2F, A2F, R2G, A2G
101 FORMAT (1HO 10X, 14HPHASE 2. N=2F84, 5H I TO2F84, 9H 1, STEPD,
1F7.3, 4H ANDF7.3, 2H 1)
GO TO 30
110 RI (L)=CMPLX (Z1,—ABS (Z2))
IF (Z3) 111, 112, 111
111 D (L)=DLX=Z3
112 NP=MAZXO0 (L+1, NP)
IF (Z6) 130, 120, 130
120 WRITE (6, 121) L, RL (L), D (L)
121 FORMAT (1H 10X, 5HPHASEI4, 5H. N=2F84, 7H I, D=F8.1, 4H ANG)
GO TO 30
130 WRITE (6, 131) INX, L, RI (L), D (L}
131 FORMAT (1HO 15, 21H CHANGE CONSTANTS OFI4, 14HTH PHASE TO N=2F8, 4,
16H [, D=Fg1, 4H ANG)
M=1
GO TO 5%
140 RIS=RIX=CMPLX (Z1,—ABS (Z2)
M=1
MK =3
GO TO 550
150 M=INX-1000
GO TO (235, 240, 200), M
160 NL=IFIX (Z1)
IF (NL. LT. NP. AND. NL, GE. 3} GO TO 180
170 WRITE (6, 171) INX
171 FORMAT@HOI5, 29H ERROR. NEGLECTED THIS CARD)
GO TO 30
180 NP=NL
NF=NP-2
WRITE (6, 181) INX, NP, NF
181 FORMAT (1HO 15, 22H REDUCE PHASES TO NP=14, 2H (14, 7TH FILMS))
M=1
IF (NP—3) 30, 30, 590
200 CP=71
202 IF (Z2) 203, 204, 203
203 ERP=Z72
204 IF (Z3) 205, 206, 205
205 ERA=7Z3
206 IF (Z4) 207, 208, 207
207 NC=IFIX (ABS (Z4))
208 1F (Z5) 209, 210, 209
209 RR=Z5
210 IF (Z6) 211, 212, 211
211 ED=76
212 GO TO 30
220 M=INX-1100
IF (M—8) 230, 1500, 1500
230 GO TO (5610, 310, 560, 340, 240, 240, 240), M
235 IF (Z2*Z3) 240, 236, 240
236 WRITE (6, 237) INX
237 FORMAT (1HO 15, 30H ERROR. REGARDED Q AS 90 DEG)
' GO TO 30
240 PM=Z1
APM=72
ASM=173
P=RAD (PM)
AP=RAD (APM)
AS=RAD (ASM)
IF (M—1) 260, 250, 260
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250

251

260
270

310

320
321

330
331

340

341

350

351
370
380

381

400
410
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TNA=SORT (TAN (AP*TAN( AS))

0O =ARCOS (CO3 (2.0*ATAN2 (TNA, TAN (AP)H/COS2.0%P)

07=DEG (Q)

MQ=2

WRITE (6, 251) QZ, PM, APM, ASM

FORMAT (1HO 10X, 2lHQUARTER WAVE PLATE Q=F94, 5H DEG. 9X,
11THMEASURED P=F83, 5H, AP=F8.3, 5H, AS=F8.3, 4H DEG)

GO TO 30
GO TO (280, 270), MO

QL=ARCOS (CO3 (20*P)*COS (Q))/2.0

P=ATAN2 (TAN (2.0P), SIN (Q))/2.0

IF (AP) 271, 272, 271

AP=ATAN (TAN (AP}*TAN (QL))

IF (AS) 276, 280, 276

IF (AS) 273, 274, 273

AP=ATAN (TAN (AS)*COT (QL))

GO TO 280

WRITE (6, 275) INX

FORMAT (1HO 15, 33H ERROR. AP AND AS ARE UNDEFINED)

GO TO 30

AS=ATAN (TAN (AS*COT (QL))

AP=(AP +AS)/2.0

GO TO (300, 290), MR

P =((2.0%P -+ 1.5707963)/ TR — 1.5707963)/2.0

AP=ATAN (TAN (ABS (AP)*1.0/TR))

PZ=DEG (P)

AZ=DEG (AP)

DEL =2.0%P +1.5707963

RHO=TAN (AP*CEXP (CMPLX (0.0, DEL))

GO TO (30, 380, 30, 30, 640, 650, 660), M

D (2)=D2[=71

D2G =72

D2F =73

IF (D2F) 330, 320, 330

WRITE (6, 321) INX, D (2)

FORMAT (1HO 15, 13H SPECIFY D2=F8.1, 4H ANG)

GO TO 30

WRITE (6, 331) INX

FORMAT (1HO 15, 28H CHANGE OF P AND A WITH D2/1H0 14X, 6HRE( N2) 3X,
16HIM (N2) 6X, 2HD26X. 6HTAN (A) 4X, SHDELTA6X, 1HP7X, 2HAP7X, 2HAS8X,
96HMOD (P) 4X. 6HARG (P) 5X, 6HMOD (S) 4X, 6HARG (S))

GO TO 710

PHI=71

PHG =72

PHF =73

WRITE (6, 341) INX, NP, R2, A2, D (2)

FORMAT (1HO 15, 43H CHANGE OF P AND A WITH PHI FOR SYSTEM NP=14, 5H,
IN2=2F84, 7H 1, D2=F8.1, 4H ANG/1HO 15X, SHPHI7X, 6HTAN (A) 4X, SHDELTA6X,
21HP7X, 2HAP7X, 2HAS8X, 6HMOD (P) 4X, 6HARG (P) 5X, 6HMOD (S) 4X, 6HARG (S)))

XPI=RAD (PHI)

CS (1)=CMPLX (COS (XPI), 0.0)

SX=SIN (XPI*RI (1)

IF (NP—3) 351, 351, 590

IF (M—1) 370, 30, 370

IF (D (2)) 550, 550, 630
TC (1)=CSQRT (L.0—4.0*RHO*SN##2/(1.0-+RHO)**2)

RIS=RIX=TAN (XPI*RI (1)*TC (1)

WRITE (6, 381) RIS, PM, APM, ASM
FORMAT (1HO 10X, 21HINDEX OF SUBSTRATE N=2F84, 18 1.  MEASURED P=,
1F8.3, 5H, AP=F83, 5H, AS=F83, 4H DEG)

GO TO 470
GO TO (410, 420, 450), MK
WRITE (6, 411) RIX, TNA, DEL, PX, AP, AS, XMP, THP, XMS, THS

55



411
420
421
430
431

440
441

450
451

460

461

470

480
481

490
500
501

510

511

530
540
550

560

561

590

600
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FORMAT (1HO, ¥20.4, F9.4, F12.6, 4F9.3, 2 (F12. 6, F9.3)

GO TO 430

WRITE (6, 421) A3, TNA, DEL, PX, AP, AS, XMP, THP, XMS, THS

FORMAT (1H , F29.4, F12.6, 4F9.3, 2 (F12.6, F9.3)

IF (A3G) 431, 440, 431
A3=A3+A3G

MK =2

IF (ASF —A3) 540, 540, 440

IF (R3G) 30, 30, 441
R3=R3+R3G

A3=A3I

IF (R3F—R3) 30, 530, 530

WRITE (6, 451) RIS, PZ, AZ

FORMAT (1HO 10X, 14HSUBSTRATE, N=2184, 25H I. SURFACE REFLEXION P=,
1F8.3, 5H, AP=F83, 4H DEG)

GO TO (470, 460), MO

WRITE (6, 461) QZ, PX, AP, AS

FORMAT (1H 45X, 6HFOR Q=F94, 5H P=F83, 5H, AP=F83, 5H, AS=F8.3,
14H DEG)

NF=NP -2

WRITE (6, 471) NP, NF

FORMAT (1H0, 21H NUMBER OF PHASES NP=I152H (14, 7H FILMS))

IF (NP—3) 30, 30, 590

WRITE (6, 481) PHI, TNA, DEL, PX, AP, AS, XMP, THP, XMS, THS

FORMAT (1H , F20.3, F12.6, 4F9.3, 2 (F12.6, F9.3))

IF (PHG) 500, 500, 490

PHI =PHI + PHG

IF (PHF —PHU) 500, 350, 350

IF (PHI~PHX) 501, 30, 501

PHI=PHX

M=1

GO TO 350

R3=71

A3=A3I=—ABS (2)

R3G=23

A3G=—ABS (Z4)

R3F=175

A3F=—ABS (26)

WRITE (6, 511) INX

FORMAT (1HO15, 55H CHANGE OF P AND A WITH OPTICAL CONSTANT OF SUBST
IRATE./1H0 14X, 6HRE (NS) 3X, 6HIM (NS) 5X, 6HTAN (A) 4X, SHDELTA6X, 1HP7X,
22HAP7X, 2HAS8X, 6HMOD (P) 4X, 6HARG (P) 5%, 6HMOD (S) 4X, 6HARG (S))

MK =1

RIX=CMPLX (R3, A3)

CS (3)=CSORT(LO—(SX/RIX)¥¥2)

CALL SRC (CRP (1), CRS (1), RIX, RI (1), CS (3), CS (1))

GO TO 790

L=IFIX (Z6)

IF (L. GE. NP. OR. L. LT, 3) GO TO 170

D (L)=Z1

DLG =272

DLF=73

WRITE (6, 561) INX, L, R2, A2, D (2)

FORMAT (1H0 15, 24H CHANGE OF P AND A WITHI4, 24HTH PHASE THICKNESS.
1 N2=2F84, 7TH I, D2=F8.1, 4§ ANG/1HO0 17X, 1HD7X, 6HTAN (A) 4X, SHDELTAS6X,
21HP7X, 2HAP7X, 2HASSX, 6HMOD (P} 4X, 6HARG (P) 5X, 6HMOD (S) 4X, 6HARG (S)))
CSS=CSQRT (1.0 —(SX/RISj**2)

CS (NP—1)=CSQRT (1.0—(SX/RI (NP —1)j**2)

CALL SRC (CRP (NP—1), CRS (NP—1), RIS, RI (NP—1), CS$, CS (NP—1))

IF (NP—4) 630, 630, 600
NX=NP—4

[=NP—2

DO 610 J=1, NX
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CS (I)=CSQRT (LO—(SX/RI (I)}*¥2)
CALL SRC (RP (I), RS (I), RI (I+1), RI (I, CS (I+1), CS (1))
G (I+1)=WR*D (I+1)*RI (I+1)*CS (I+1)
CALL TRC (CRP (I), RP (I), CRP (I+1), G (I+1))
CALL TRC (CRS (T), RS (I}, CRS (I+1), G (I+1)
=11
610 CONTINUE
630 IF (M—3) 30, 710, 710
640 WRITE (6, 641) INX
641 FORMAT (1HO 15, 47H CALCULATION OF MOST PROBABLE D2 FOR GIVEN N2)
GO TO 670
650 WRITE (6, 651) INX, D (2), ERP, ERA, ED
651 FORMAT (1HO 15, 47H CALCULATION OF MOST PROBABLE N2 FOR GIVEN D2=,
1F8.1, 18H ANG. ERROR OF P=F74, 4H, A=F7.4, 12H DEG AND D2=F5.1,
29H PER CENT)
IF (D (2)) 655, 655, 670
655 WRITE (6, 656) INX
656 FORMAT (1HO I5, 30H ERROR. D2 HAS NOT SPECIFIED)
GO TO 30
660 WRITE (6, 661) INX, ERP, ERA
661 FORMAT (1HO I5, 54H CALCULATION OF MOST PROBABLE N2 AND D2 ERROR O
IF P=F74, 7TH AND A=F74, 4 DEG)
WRITE (6, 671) PM, APM, ASM, PZ, AZ
671 FORMAT (1H 7X, 11HMEASURED P=F83, 5H AP=F83, 5H, AS=F83, 5H DEG, 3X,
110 HCORRECT P=F83, 4H, A=F8.3, 41 DEG/IHO 14X, 6HRE (N2) 3X, 6HIM (N2) 6X,
22HDX5X, 2HEX9X, 5HDIF — P4X, 5HDIF —A7X, 2HPX7X, 2HAX/)
700 R2=X1=R2I
X2=R2F
MX=1
710 RI (2)=CMPLX (R2, A2)
CS (2)=CSQRT (LO—(SX/RI (2))**2)
GX=WR*RI (2)*CS (2)
CALL SRC(RP (1), RS (1), RI (2), RI (1), CS (2), CS (1)
IF (NP—3) 720, 720, 730
720 CS (3)=CSQRT (1.0—(SX/RIS)**2)
CALL SRC (CRP (2), CRS (2), RIS, RI (2), CS (3), CS (2))
GO TO 760
730 CALL SRC (RP(2), RS (2), RI
740 G (3)=WR*D (3)*RI (3 >**cs 3)
750 CALL TRC (CRP(2), RP (2), CRP (3), G (3)
CALL TRC(CRS (2), RS (2), CRS (3), G (3))
760 IF (MY) 1065, 765, 1065
765 IF (M—4) 770, 770, 1000
770 MJ=1
780 G (2)=GX*D (2)
CALL TRC (CRP (1), RP (1), CRP (2), G (2))
CALL TRC (CRS (1), RS(1), CRS (2), G (2)
790 XMP=CABS (CRP (1)
XMS=CABS (CRS (1))
THP=DEG (ATAN2 (AIMAG (CRP(1), REAL (CRP (1))))
THS=DEG (ATAN2 (AIMAG (CRS(1), REAL (CRS (1))
800 CALL RCAR (TNA, DEL, CRP (1), CRS (1))
GO TO (830, 820), MR
820 TNA=TNA#TR
DEL=DEL*TR
830 P=05*DEL~0.7853982
PZ=PX=DEG (P)
DEL=DEG (DEL)
AZ=AP=DEG (ATAN (TNA))
AS=00
GO TO (850, 840), MQ
840 P=ATAN (TAN (Z0*P}*SIN (Q))/2.0
QL=ARCOS (2.0¥P)*COS (())/2.0

[«
<)
<

(3), RI (2), CS (3), CS (2)
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AP=DEG (ATAN (TNA*COT (QL))
AS=DEG (ATAN (TNA*TAN (QL))
PX=DEG (P)
850 GO TO (400, 860, 920, 480), M
860 GO TO (870, 880), MJ
870 WRITE (6, 871) RI (2), D(2), TNA, DEL, PX, AP, AS, XMP, THP, XMS, THS
871 FORMAT (1HO, F20.4, F9.4, F9.1, F12.6, 4F9.3, 2 (F12.6, F9.3))
GO TO 890
830 WRITE(®, 831)D(2), TNA, DEL, PX, AP, AS, XMP, THP, XMS, THS
881 FORMAT (1H 29X, F9.1, F12.6, 4F9.3, 2 (F12.6, F9.3))
890 IF (D2G) 1110, 1110, 900
900 D (2)=D (2)+D2G
MJ=2
IF (D2F—D (2)) 910, 780, 780
910 D (2)=D2I
GO TO 1110
920 WRITE (6, 921) D (L), TNA, DEL, PX, AP, AS, XMP, THP, XMS, THS
921 FORMAT(H, F20.1, F12.6, 4F9.3, 2(F12.6, F9.3))
F (DLG) 980, 980, 930
930 D (L)=D (L)+DLG
F (DLF—D (L)) 980, 940, 940
940 IF (L—3) 950, 740, 950
950 G (L)=WR*D (L}*RI (L}*CS (L)
NX=NP—4
I=L-1
DO 960 J=1, NX
CALL TRC (CRP (I}, RP (I), CRP (I+1), G (I+1)
CALL TRC (CRS (I), RS (I, CRS (I+1), G (I+1)
I=1-1
960 CONTINUE
GO TO 750
980 IF (D (L)—DLX) 981, 30, 981
981 D (L)=DLX
M=1
GO TO 59
1000 TC (1)= CRP @ )*CRS (RS (1)—RP (1)*RHO)
TC (2)=RP (1)*RS (1)CRS (2)—CRP (2)*RHO)+CRP (2)—CRS (2*RHO
)=RP (1)—RS (1)*RHO
)=CSORT (TC (2)#¥2—4.0*TC (L*TC (3))
)=05%~TC (2)+TC @)/TC (1)
TC (4)=05%—TC (2)—TC @)/TC (1)
DCX=CMPLX (0.0, 1.0)*CLOG (TC (3)/GX
DCY=CMPLX (0.0, 1L.O*CLOG (TC (4)/GX
IF (REAL (DCX)) 1002, 1002, 1001
1001 IF (REAL (DCY)) 1060, 1060, 1003
1002 IF (REAL (DCY)) 1030, 1030, 1050
1003 IF (ABS (AIMAG (DCX))—ABS (AIMAG (DCY))) 1060, 1060, 1050
1030 WRITE (6, 1031) RI (2), DCX, DCY
1031 FORMAT (1H , F20.4, F9.4, 13H NO SOLUTIONSX, 4HDCX =2F125,
112H I, AND DCY =2F125, 2H 1)
IF (M—5) 1040, 1110, 1040
1040 IF (R2G) 1041, 1041, 1042
1041 IF (MI) 1340, 1044, 1340
1042 R2=X1=R2+R2G
1043 IF (X2—X1) 1340, 1046, 710
1044 IF (X2—X1) 1340, 1340, 1045
1045 R2=X2
1046 MI=1
MX=5
GO TO 710
1050 DCX=DCY
1060 DX=REAL (DCX)
EX=AIMAG (DCX)
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1065 G (2)=GX*DX
CALL TRC (CRP (1), RP (1), CRP (2), G (2))
CALL TRC (CRS (1), RS (1), CRS (2), G (2))
CALL RCAR (TNA, DEL, CRP (1), CRS (1))
PX=05*DEG (DEL)—45.0
AP=DEG (ATAN (TNA))
PD=PZ-PX
AD=A7Z—AP
IF (MY) 1250, 1090, 1250
1090 IF (M~5) 1150, 1100, 1150
1100 WRITE (6, 1101) RI (2), DX, EX, PD, AD, PX, AP
1101 FORMAT (IH, F20.4, F9.4, F9.1, F12.5, 2F9.3, F12.3, ¥9.3)
1110 IF (A2G) 1111, 1120, 1120
1111 A2=A2+A2G
IF (A2F—A2) 710, 710, 1120
1120 IF (R2G) 1130, 1130, 1121
1121 WRITE (6, 1122)
1122 FORMAT (1H )
R2=R2+R2G
A2=A21
IF (R2F—R2) 1135, 710, 710
1180 A2=A2l
1135 R2=R2I
D (2) =D2I
GO TO 30
1150 IF (ABS (PD)—ABS (ERP)) 1151, 1151, 1190
1151 IF (ABS (AD)—ABS (ERA)) 1160, 1160, 1190
1160 IF (M—6) 1170, 1161, 1170
1161 IF (1.0+0.01*EDJ*D (2)—DX) 1190, 1162, 1162
1162 IF (1L.O—001¥EDNED (2)—DX) 1170, 1170, 1190
1170 WRITE (6,1171) A2
1171 FORMAT (1H 10X, 20HSOLUTION FOR IM(N2)=F84, 5H I IS)
WRITE (6, 1101) RI (2), DX, EX, PD, AD, PX, AP
WRITE (6, 1172)
1172 FORMAT (1H 12X, 24HDEVIATIONS OF RE (N2) ARE)
IF (R2G) 1173, 1173, 1180
1173 WRITE (6, 1174)
1174 FORMAT (1H+, 37X, 13HNOT INDICATED)
GO TO 1340
1180 R2=R2—R2G
MY =1
GO TO 710
1190 IF (CP) 1200, 1191, 1200
1191 WRITE (6, 1101) RI (2), DX, EX, PD, AD, PX, AP
1200 GO TO (1210, 1220, 1240, 1280, 1330), MX
1210 ECI=EX
IF (X2—X1) 1330, 1330, 1211
1211 R2=X2
MX =2
GO TO 710
1220 ECF=EX
IF (ECF) 1222, 1221, 1221
1221 IF (ECI) 1270, 1230, 1230
1222 IF (ECI) 1230, 1230, 1270
1230 XR=(X2—X1)/RR
R2=X2=X2—XR
MX=3
GO TO 710
1240 ECE=EX
IF (ECE) 1242, 1241, 1241
1241 - IF (ECI) 1260, 1243, 1243
1242 1F(ECI) 1243, 1243, 1260
1243 R2=X2=X2—XR
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IF (X2—X1) 1330, 1330, 710
1250 WRITE (6, 1101) RI (2), DX, EX, PD, AD, PX, AP
R2=R2+2.0R2G
MY=MY+1
IF (MY —2) 710, 710, 1251
1251 MY=0
GO TO 1340
1260 XX3=X2
ML=1
1270 J=1
1275 R2=X3=(X1+X2)/2.0
MX =4
GO TO 710
1280 ECR=EX
IF (ECR) 1282, 1281, 1281
1281 IF (ECI) 1295, 1290, 1290
1282 IF (ECI) 1290, 1290, 1295
1290 X1=X3
ECI=ECR
GO TO 1300
1295 X2=X3
ECF=ECR
1300 J=J+1
IF (NC—J) 1301, 1275, 1275
1301 WRITE (6, 1302) NC, A2
1302 FORMAT (1H 12X, 16HNO SOLUTION WITH, I4, 18H TRIES FOR IM (N2)=F84,
13H 1)
IF (CP) 1303, 1310, 1303
1303 WRITE (6, 1304)
1304 FORMAT (1H+, 65X, 16HFINAL VALUES ARE)
WRITE (6, 1101) RI(2), DX, EX, PD, AD, PX, AP
1310 IF (ML) 1320, 1340, 1320
1320 X1=XX3
X2=R2F
ECI=ECE
ML =0
GO TO 1270
1330 WRITE (6, 1331) A2, MX
1331 FORMAT (1H 12X, 34HNO SOLUTION IN REAL N2 FOR IM (N2)=, F84,
123H I, TERMINAL CODE MX=I3)
IF (CP) 1332, 1340, 1332
1332 WRITE (6, 1101) RI (2), DX, EX, PD, AD, PX, AP
1340 IF (A2G) 1341, 1360, 1360
1341 WRITE (6, 1342)
1342 FORMAT (1H )
A2=A2+A2G
MI=0
IF (A2F—A2) 700, 700, 1350
1350 A2=A2I
1360 R2=R2[
GO TO 30
1500 STOP
END

SUBROUTINE SRC (FRP, FRS, B2, BI1, BW2, BW1)
COMPLEX FRP, FRS, BI1, BI2, BW1, BW2, UX, UY
UX =BI2*BW1

UY =BI1*BW2

FRP=(UX-UY)}(UX+UY)

UX=BII*BW1

UY =BI2*BWZ

FRS=(UX—UY)}(UX+UY)

RETURN
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END

SUBROUTINE TRC (ARXK, RKI1, RK2, PU)
COMRLEX ARK, RK1, RK2, PU, TX, TY
TX=CMPLX (AIMAG (PU), —REAL (PU))
TY=RK2*CEXP (TX)
ARK=RK1+TY)(1.0+RK1*TY)

RETURN

END

SUBROUTINE RCAR (INX, DIX, R1P, R1S)
COMPLEX RIP, RIS, RHX
RHX =R1P/R1S
IF (REAL (RHX)) 2, 1, 2
1 DIX=SIGN (L5707963, AIMAG (RHX))
GO TO 3
DIX=ATANZ (AIMAG (RHX), REAL (RHX))
TNX=CABS (RHX)
RETURN
END

W N
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