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A method of determining design parameters for the 
microstrip interdigitated (Lange) coupler is presented. 

Parameters investigated include coupling coefficients, 
odd and even mode velocities, and characteristic 

impedance. A general method of analysis is reviewed, 
convergence of the method is studied, and a computer 
program implementing this analysis along with support¬ 
ing test data are presented. Test results indicate 

a good agreement between measured and predicted cou¬ 
pling and directivity for the interdigitated couplers. 
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NOMENCLATURE 

CED Capacitance per unit length of N/2 strips to ground when all strips 
are held at the same potential and e ■ £oer 

CEO Capacitance per unit length of N/2 strips to ground when all strips 
are held at the same potential me e «- e0 

COD Capacitance per unit length of N/2 strips to ground when succeeding 

adjacent strips have equal magnitude opposite polarity potentials 
and e - e0er 

COO Capacitance per unit length of N/2 strips to ¿round when succeeding 

adjacent strips have equal magnitude opposite polarity potentials 
and e = e0 

e eoer» permittivity of the substrate 
e0 Permittivity of free space - 8.854 x 10“12 F/m 

er Relative dielectric constant of the substrate material 

A0 Free space wavelength at the design center frequency 
H Substrate thickness, inches 

K Voltage coupling coefficient = (ZOE - ZOO)/(ZOE + ZOO) 
mks Meter kilogram second 

N Number of interdigitated coupled strips, must be an even number 
NWC Naval Weapons Center 

S/H Strip gap (inch) to substrate thickness (inch) ratio 
c(x) Charge density, C/m at point x 

TEM Transverse electromagnetic 

V Velocity of light in vacuum = 2.9979 x 108 m/sec 
VE Even mode velocity, m/sec 

VO Odd mode velocity, m/sec 

W/H Strip width (inch) to substrate thickness (inch) ratio 
x Field point 

x' Source point 

ZOE Even mode impedance, Œ 

ZOO Odd mode impedance, 

2 
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INTRODUCTION 

In recent years, the microstrip interdigitated (Lange) coupler has 
received considerable attention from microstrip engineers.2,3 

The Lange coupler is a quadrature hybrid used to obtain tight 

(ä-3 dB) coupling in planar microstrip through normal etching procedures. 
1ms coupler may take the form shown in Figures la, lb, or 1c. 

A -3 dB coupler built from two coplanar coupled microstrips would 

be difficult to etch (on substrate thicknesses of interest) because the 

coupling gap would be too narrow. The Lange device has been built with 
great success up to and including J-band frequencies. 

The present form of the widely used coupled strip program of Bryant 

and Weiss cannot be used to analyze interdigitated structures. The 

charge distribution for the two-strip case is entirely different from the 

interdigitated case. Ou's analysis^ derives "equivalent" even and odd 

mode impedances for the coupler. The cross-sectional dimensions are 

then obtained by using Bryant and Weiss' data. The derivation of these 

equivalent impedances was based on equal mode velocities, when in fact 

they are unequal. Using this method, it would be impossible to observe 

the change in impedances when, for example, all strip widths and strip 

gaps are unequal; this could occur during the etching process. This 

paper will present an approximate method that overcomes these difficulities 
and allows design information to be easily obtained. 

1 Lange, J. "Interdigitated Stripline Quadrature Hybrid," IEEE 

Trans. Miavowave Theory and Techniques, (Correspondence), Vol. MTT-17 
(December 1969), pp. 1150-51. 

2 Waugh, R., and D. Lacombe. "Unfolding the Lange Coupler," IEEE 

Trans. Microwave Theory and Techniques, (Short papers), Vol. MTT-20 
(November 1972), pp. 777-79. 

3 Miley, J. "Looking for a 3 to 8 dB Microstrip Coupler," Micro- 
waves, Vol. 13 (March 1974), pp. 58-62. 

4 Ou, W. "Design Equations tor an Interdigitated Directional 

Coupler, IEEE Trans. Microwave Theory and Techniques, (Short papers) 
Vol. MTT-23 (February 1975), pp. 253-55. 
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rICURE 1. Microstrip Interdigitated Coupler Geometries. 
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The analysis here employs numerical methods to determine the even 

and odd mode charge distributions on the strips and the resulting capaci¬ 

tance from which the impedance and coupling parameters are derived. 
Oreen’s function techniques are used. 

MATHEMATICAL MODEL FOR INTERDIGITATED COUPLERS 

The interdigitated directional coupler may be viewed as a multi¬ 

conductor transmission line of N (N must be even) elements (not in¬ 

cluding the ground plane). Lossless TEM (static) analysis will be used 

to obtain all results. The conductors will be assumed infinitely thin. 

Coupling parameters may be determined by an analysis of the cross section 
of the lines. For the case of a Lange coupler, N = 4. 

On any TEM N wire transmission line, N orthogonal modes can exist. 

For directional coupler use, only two modes are of interest: (1) the 

even mode where all conductors are held at the same potential, and 

(2) the odd mode where succeeding adjacent conductors have equal magni¬ 

tude and opposite pclarity potentials applied. The nondegenerate mode 

possibilities for the four-strip Lange coupler are shown in Figures 2a 
through 2d. 

The wire bonds serve two important functions: 

1. Mode suppression of mode types 2 and 4 

2. Connection to input and output ports. 

It is required to find the capacitance to ground of N/2 strips 

(since N/2 strips are connected by wire bonds) for the even and odd 

mode excitations, both with E = e0er (dielectric case) and with 
e = e0 (air case). A.11 coupling parameters, impedances, and mode 

velocities then may be determined from these quantities. 

METHOD OF ANALYSIS 

All strips are excited with 1-volt potentials (even mode case) 

with e = e0er, and the charge distribution and total capacitance to 

5 
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e -f 

e • e 

FIGURE 2. Nondegenerate Mode Configuration for 

Interdigitated Coupler (N = 4). (Note that 

mode types 2 and 4 are virtually eliminated 

because the potentials on those strips connected 

by wire bonds are forced to be the same.) 
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ground of N/2 strips are determined. This quantity is denoted CED 

The same procedure is done with e - e0 and CEO is determined. The 

COD and^OQ1 ^ Capacitances are and are denoted 

tance " It ^ ChaTge equals Potential times capaci- 

caily the totíí ía^acU^ce81 ^ t0tal iS nU"erl* 

The coupling parameters are: 

.1/2 
1. ZOE - 1./V/(CEO CED)X/^ e^en mode impedance, fi 

2. ZOO » l./V/(COD COO)1/2 odd mode impedance, U 

3. K ■ (ZOE - ZOO)/(ZOE + ZOO) voltage coupling 
coefficient 

4. VE ■ V/(CED/CEO)^2 m/sec even mode velocity 

5. VO * V/(COD/COO)^2 m/sec odd mode velocity 

with V ■* speed of light in vacuum * 2.9979 x 108 m/sec. 

inrn I0 de5ennlae char8e distribution, each strip is subdivided 

sidered to be a constant over that substrip. 

densitytÏhrr:ugehrri:te:r1Sr:qu3;titSne:POtential iS related t0 the Char«e 

(1) 

(2) 

(3) 

(4) 

(5) 

v(x) - J3 Gíx.x^aíx^dx* 

where S is a contour along which the equivalent source distribu¬ 
tions lie and a(x') is the charge density at point x\ 

The Green's function in Equation 6 is given by5: 

(6) 

G(x,x') - 

In 

27T£ (1 + e ) 
o r 

1 00 

Z(-l)k 
k=0 (ít4) 

(x - x')2 + [2H(1 + k)l 

(x ) + (2kH)‘ 

(7) 

IntTrllll " 
PP 35-43 ^ Techniques, Vol. mT-18 (January 1970), 
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FIGURE 3. Coordinate System and Strip Subdivision for Case N = 2 

Substrips per Strip. (Primed coordinates—source points; unprimed 
coordinates—field points.) 

fIx wil1 be denoted the "source point", and x will be denoted 
the field point". The source point will be at the edge of a substrip 

and the field point will be at the center of a substrip. This is don-» 

to avoid numerical singularities in the Green's Function. 

The moment method implementation6 of a solution for a(x') will now 

be described. For the purposes of simplicity in illustration, two 

substrips per strip will be assumed. Approximation of the integral 

in Equation 6 by a sum yields the discrete version of Equation 6. 

E (:(xi’xj)t’j ’ vi 
1 = 1 i = 1,8 

in matrix form: 

Farrar, A., T. Adams. "Matrix Methods for Microstrip Three 

Problems»" IE£E Trans. Microwave Theory and Techniques, 
Vol. MTT-20, (Aug 1972) p. 497. 

8 



NWC TP 5843 

For the even mode case, all the voltages are +1, for the odd mode 

case, vx « V2 - V5 = V6 - +1 volt and V3 = V^, = V? - Vg = -1 volt. 

Du represents the contribution of the potential on substrip 1 
due to a line charge on substrip 1, D12 represents the contribution of 
potential on substrip 1 due to a line charge on substrip 2 and so on. 

Equation 8 must be solved four times; ter the even mode air and 
dielectric cases, and for the odd mode air and dielectric cases. 

The total capacitance for a case, i.e., CED, CEO, COD, or COO is 

the sum of the charge densities on alternate strips. 

Let W be the width of a strip, and S be the spacing between strips. 

For the case when there are NSTRIP substrips per strip, each substrip 

will be W/NSTRIP wide. Denote this quantity by DELX. 

The first source point is: 

xj = -S/2 - S(N/2 -1)- WN/2 (9) 

in the coordinate reference system of Figure 3. The first field point 
is: 

xx - xj + DELX/2 (10) 

Both and x' are used in the computation of D.. in equation 8. 
Àfter Dji is computed and stored, the next field point is calculated by 

adding DELX to equation 10 and D21 is computed. This process continues 

until Dg- is formed. At that time, is incremented by DELX and the 

field point coordinate is reset to the initial value of equation 10. The 

process continues until the entire matrix is filled. Note that when the 

source or field point was computed on the last substrip of each strip, 

the next source or field point is obtained by adding S + DELX to the last 

respective source or field coordinate instead of adding DELX alone. 

Observe that D^j # Dji* This is a consequence of picking source 

coordinates disjoint from the field point coordinates to avoid the 

singularity term in Green's function (equation 7) when i = j (correspond¬ 

ing to x “ x ) and k = 0. This technique has been used to approximately 

solve field problems , and it will be shown in the next section that 

this practice is valid by studying convergence of the method. 

A computer program implementing the analysis was written in Fortran 

and implemented on the NWC Univac 1110. The listing of this program 

and its detailed description is included in the Appendix. 

Farrar, A., and T. Adams. "Correction to Computation of Lumped 

icrostrip Capacities by Matrix Method - Rectangular Sections and End 

Effect, IEEE Trans. Microwave Theory and Techniques, Vol. MTT-20 
(April 1972), p. 294. 
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CONVERGENCE OF THE NUMERICAL METHOD 

ioosJyig^PL8h"dr^:sdata for ti8htiy coupied <-3 dB> 

The number oi SUb8trlf 

Note that the ^™?n;:„îa1ra 

3baï;ld^Lb:hav;rt;: r"aFî rb'° 
be shown^the^coñvergence L »“nôíoSc d' “ - 

aetueínteet Sete.^86 ^ Ca“S ”U1 be st“dled light of 

For the -3 dB case, there is little difference Í0 niftq -i 

shoii8 l0-aubsfip eolution over the 18-subetrip case as wùl be 

obtained Ind l^erpolaí the^11!!8 C°efflcient of -3.0^20 dB is 

0.1100 and an S/H of 0.0805. For a l^aÜ^baí^ef 

10 
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in gap spacings and in line widths is of the order of a hundredth of a 

mil, a dimension so small that it cannot be controlled by normal etch¬ 
ing procedures. 

To ascertain that the program converges to the right coupling 

coefficient, the degenerate two-strip case was run and the results 

typically agreed with those of Bryant and Weiss to within 0.2% for 
the same number of substrips used (20). 

Accuracy of the method should be unaffected by a choice of parameters 
S, H, or er< However, as W/H is increased for a fixed number of sub¬ 

divisions, accuracy will diminish. For this reason, structures with 

large W/H ratios should not be analyzed by this technique. This is not 

a practical limitation, since for the range of useful coupling coeffi¬ 

cients and characteristic impedances, the interdigitated strip widths 
are narrow enough so that the 10-substrip subdivision is adequate. 

TEST DATA 

The purpose of this section is to compare the accuracy of the 

computer program results against actual interdigitated device test 
data obtained at this laboratory. 

The first case to be considered is a coupler built to the dimensions 

found in the reference of Footnote 2. These are: W/H = 0.112 and 
S/H * 0.08. 

The measured results for insertion loss are shown in Figure 5. The 

coupler is very close to a -3 dB coupler since there is virtually an 
equal power split at the design center frequency of 2 GHz. 

Inputting the measured dimensions of this coupler into the computer 
program (using 10 substrips per strip) yields the results shown in 

Figure 6. The coupling coefficient is -3.0589 dB. Footnote 8 also 

reports data on a coupler etched to the same cross-sectional dimensions 

of Footnote 2 and is in perfect agreement with the data presented here. 

g 

rtn*,vTy-yNaV71n,WeaPonS Cent®r- A Microstrip Interdigitated Z dB Coupler 
] Tl Plu8 Banduidths, by D. R. Bowling, et al. ? 

China Lake, Calif., NWC, 1973. (NWC TM 3524-146-73). 

11 



FIGURE 5. Measured Data, -3 dB Microstrip Interdigitated Coupler. 

WH-0.112000 
S/H - 0.800000(:-01 

ZOE. ZOO, 
OHMS OHMS 

COUPLING CHARACTERISTIC 
COEFF, dB IMPEDANCE. OHMS 

115.08602 20.064804 -3.0609046 48.037304 

EFFKE 

6L5679060 

EFFKO COUPLING 
COEFF 

a70316100 

VEVEN 

M/SEC 

&110077O0E4O0 

VOOO 
M/SEC 

ai2720662EH)9 

FIGURE 6. Computed Coupling Parameters 3 dB Microstrip 
Interdigitated Coupler. 
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Figure 7 shows test dbta for a device which is undercoupled. Aver¬ 
ages of the line widths and gap widths were taken across the center of 
the coupler in the hope of inputting these to the computer program and 

predicting the 0.4 dB coupling unbalance at the design center frequency 
of 2 GHz. M 7 

This device lad an average W/H of 0.103336 and an average S/H of 
0.087600. 

figure 8 shows the results of the analysia of the program LANG, in¬ 
dicating a coupling coefficient of -3.198 dB. The even and odd mode 

impedances and dielectric constants were the input data to a microstrip 

analysis program developed at NWC which models microstrip directional 

coupler insertion loss and isolation as a function of frequency. The 

differences between the insertion loss for the coupled port and the 

uirect port at the design center frequency is shown in Figure 8 as 
0.4 dB, exactly what was measured. 

Figure 9 shows a more loosely coupled case (-5.78 dB). The isola¬ 

tion of the device is shown on the same scale as the insertion loss. 

The measured average cross-sectional parameters were: W/H = 0.14200 
and S/H = 0.30264. 

The computer printout (Figure 10) from program LANG shows the 

coupling parameters. The even and odd mode dielectric constants and 

impedances were input to the analysis program of Footnote 9 and the 

frequency response through the coupled and direct ports is printed 
along with the isolation data. 

The predicted response is plotted on Figure 9 as a series of *s. 

In particular, the coupling unbalance at midband was measured as 5 dB: 

the computer printout predicts an unbalance of 4.921 dB. There also 

is good agreement between the predicted isolation and the measured 

one. The slight offset between measured and computed response can be 

attributed to connector and line losses, along with wire bond effects, 
none of which were computer modeled. 

Naval Weapons Center. Solutions to Some Problems in Microstrip 

Filter Designi by Donald D. Paolino. China Lake, Calif., NWC (NWC 

Technical Memorandum 2669, February 1976). 

13 
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FIGURE 7. Undercoupled Interiigitated -3 dB Microstrip Coupler. 

U/H» 103334. 
S/H» 874.000E—01 

ZOE 
( OHMS ) 

HS V>3ft9 

EFFKE 

S SSSS902 

ZOO 
( OHMS ) 

21 210*93 

EFFfcO 

T. 55400Ï7 

C OIJF'L I MO 
COEFF OE: 

-3 19@ 34.14 

i'HAFiAr TES I ST I r 
IMFEOANCEiOHM3 

49 710449 

r OIJF’L . MO 
COEFF 

*919*I S3 

VF VEN 
M / SEC 

vooo 
11 ■ SEC 

1 1 7077S:7E+.*-'9 1 2 7¿04.94-E^C»9 

DIRECT PORT 

FGH7 RTl SS VSWfV 
2 O0 -29 S22 1 07 

IN LSS OIITF’H-. 
-4 4 •' -9t 27 

COUPLED PORT 

FOH/ RTl SS 
2 OO -29 S22 

V9UR 
1 07 

IN I.SS 
-3 221 

OI ITFH3 
-1 2T 

FIGURE 8. Coupling Paramoter« and Computer Predicted Direct and 

Coupled Port Midband Frequency Response, Undercoupled Hybrid. 
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FIGURE 9. Predicted and Measured Data, Loosely Coupled Case. 

DESIGN CURVES 

for the U ““ 12) "■>“ »Ul bo oreeented 

eonstantrof C "Î5 r:;rE -•rSr r and.r^ (bUlk Uelectne 

versus 200 with W/H and S/H ¡s par^tlrs"6 ^ ' Z°E iS Pl<>tted 

Alumina is a common substrate material, but its high dielectric 

constant makes designs above J-band difficult due to thf small size of 

row gaps to be etched more easily. Ouartz has a relative^ consíañt^ik 
dielectric constant versus frequency and its low dielectric constant ner- 

tolerances?entS “ ^ bUlU le8S to dimensio^î 

To use the curves, the voltage coupling coefficient K and char¬ 
acteristic impedance ZO (usually 50 Q) must be known. 

The odd mode impedance is determined by: 

ZOO « ZO ((1 - K)/(1 + K))1/2 

The even mode impedance is then: 

ZOE = Z02/Z00 

(ID 

(12) 

15 
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W/M« 142000 
S/H- 302/-.40 

7 OF 
<"MM' i 

4 41044/.. 

700 
( OHM*. ) r CHARACTER I ST IC 

COEFF DB IMFEBANCE( OUÏS ) 

20 488092 -6 1022434 49 038361 

M r i r 

• I o/.7r. 

•• ft •» lr 

rrr» o 

• 7. i > •: J* 

COOFLINO 
COEFF 

49-.52223 

« 

VEVEN V0DD 
M/SEC M/SEC 

I1420205E4-09 12700136E4-09 

DIRECT PORT 

• '.M/ RTI c.:. 
I V» -31 '.99 
I AO -30 770 
1 70 -29 993 
1 ?:o -29 2/.1 
1 90 -2?: -,/./.. 
2 Oo -27 VO'. 

IO -27 274 
• .'«» -2A /-./..:3 

2 '«-> -2A 0:3:3 

2 4> > -2-, ',30 
2 0.( -24 99-. 

V3UR IN'LSS 
1 0*5 -1 096 
» 06 -1 H50 
1 07 -1 192 
• 07 -1 221 
1 08 -I 236 
l 08 -1 238 
1 09 -1 227 
110 -1 203 
1 10 -1 166 
1 11 -1 117 
1 12 -1 058 

CHJTPHS ISO 
-71 94 -26 30 
-76 07 -25 78 
-80 16 -25 25 
-84 22 -24 73 
-88 26 -24 19 
-92 30 -23 65 
-96 35 -23 10 
100 42 -22 53 
104 52 -21 96 
108 67 -21 38 
112 88 -20. 80 

COUPLED PORT 

* OH7 RM 83 V3UR 
1 50 -31 ',99 1 05 
t 7.0 - 30 770 1 06 
1 7|-| _29 1 07 

1 30 -29 261 i 07 
1 t ,-,2 

2 1 -27 905, 1 08 
2 IO -27 :-72 1 09 
2 20 -26 /./..:3 1 10 
2 20 -:/-. ,1:-¾ 1 j,, 

40 - i 111 

2 50 -24 99'. I 1: 

IN'LSS OUTPHS ISO 
-6 575 18 10 -26 30 
-6 398 13 99 -25 78 
-6 270 9 93 -25 25 
-6 189 5 89 -24 73 
-A 153 1 88 -24 19 
-6 159 -2 12 -23 65 
-A 210 -6 12 -23 10 
-6 305 -10 13 -22 53 
-6 447 -14 17 -21 96 
-6 640 -18 24 -21 38 
-6 387 -22 35 -20 80 

FIGURE 10. Computer Predicted Coupling Data and 

Frequency Response, Loosely Coupled Case. 
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The point defined by a ZOE, ZOO pair will intersect a curve of 

constant W/H and another curve of constant S/H. These define the cross- 

sectional dimensions of the coupler. The quarter wavelength is deter¬ 

mined by: 

0.5Ao/((EFFKE)1^2 + (EFFKO)1^2) (13) 

where A0 is the free space wavelength at the design center frequency 

and EFFKE and EFFKO are the even and odd mode dielectric constants. 

These are determined by inputting W and S into program LANG to obtain 

EFFKE and EFFKO. 

A line of constant ZO * 50 is plotted on all design curves. Thus, 

it only is necessary to find either ZOE or ZOO and locate the inter¬ 

section of the impedance with the constant ZO line to obtain the physical 

dimensions. The range of coupling coefficients shown is from -6 to 

about -2 dB for a 50 Q characteristic coupler impedance. 

CONCLUSIONS 

For the model employed in vhis report, quite good agreement be¬ 

tween measured and predicted coupling and directivity has been obtained 

for interdigitated couplers. 

An accurate model would include such effects as dielectric and con¬ 

ductor losses, finite strip thickness, wire bond effects, radiation and 

dispersion, and the proper treatment of the Green's function singularity. 

For higher freouency coupler operation, (I-band and above) wire bond 

effects must be modeled to accurately predict isolation and coupling data. 

Perhaps these may be modeled as lumped discontinuities in the trans¬ 

mission lines. 

It is possible to include the effects of finite conductor thick¬ 

ness, and program LANG may be modified to include the effect of unequal 

gap spacings and line widths. 

It is hoped that this report will serve a useful purpose by 

providing design data for building devices, as well as laying a foundation 

from which more accurate models and theories of the interdigitated 

directional coupler may be brought forth. 

19 
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Appendix 

LISTINGS AND DETAILED DESCRIPTION OF COMPUTER PROGRAM 

MAIN PROGRAM LANG 

for thîV^ has a capaclt5r t0 h“<>le 20 ‘ïubatrips per strip 

in a™: r::™ :s25c°nveraationai and a8ks ,or ^ da, 

1. Substrate bulk dielectric constant, substrate belebt iinoM 
and the number of coupled strips. l8ht (inch^» 

2. If N - 1, only the strip width is read in line 17 m , 
or »ore, the gap spacing Is entered In line U. 

3. Number of substrips Into «hieb each strip will be dlvfded t. 
Is strongly recomendad that this be an even nurfJÍ 

«. Logical unit number for output. This will usually be 6. 

indicated 19 Ihe format is 

printout ae »o^ld^rdetiMl^t^ríbe3:«:”,::110:: 7 
entered correctly and to document the partlculaí «mpCteí^L 

height^“ «4 substrate 

units and the W/H and S/H SÍL a” ^„tS* kll°8ra" 9a'9“d) 

program? “S Ío^^^v^ÍÍmln Î1“ 50- b‘^ the heart of the 
loop terminatoi. a”? * ea <,afInad *hlch »«1 «rve as DO 

1‘ ímpl) <Nl"ber °f 9Ub9tcII,9 P9r “rip) (nuaiber of coupled 

2- I2S - I END2 
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lEND is the total number oc elements in a column or row in the matrix 

of Green's function entries. IPS is the total number of elements in 
Green's function matrix. 

The basic increment for the source and field point coordinates is 

defined in line 54 as DELXJ. The first source point is defined in line 

55 corresponding to equation 9 and the first field point is defined in 

line 62 after equation 10. In case N “ 1, the first source point is 

obviously -GW/2 and this is taken care of in line 56. In lines 58 and 

59, two counters are set. The first, K0UNT3, controls the numbering 

of Green's function entries and the second, K0UNT2, controls when the 

source point will be incremented by DELXJ + GS instead of incrementing 

by DELXJ. K0UNT2 is reset every NSTRIP times through the 100 DO loop. 

Note that loop 100 controls the source coordinate incrementation and loop 

110 controls the field point incrementation. As I is incremented with 

J fixed, the Jth column of Green's function matrix in equation 8 is 

filled. The terminal indices on these loops are IEND, since there are 

IEND rows and IEND columns in Green's function matrix Djj. K0UNT1 

is defined in line 61 and performs the same function on the field co¬ 

ordinate as K0UNT2 does for the source coordinate. The call to sub¬ 

routine GREEN in line 67 occurs for the dielectric case (e = e0e ). 

The appropriate matrix entry is stored in the array DIJD. Note that 

Dij is stored columnwise in DIJD. This is required for use in subroutine 

GELG to be described. The air case (e = e0) occurs in line 69 and 

Green's function entry is placed in array DIJAIR. Green's function 

entry for both the air and dielectric cases is returned from subroutine 

GREEN as the variable VALG. (See the description of subroutine GREEN 

for details about Green's function calculation.) On line 65 is a 

test to determine if the program is on a diagonal of the D^ matrix 

other than the first one. This is done to save time in program execution 

since Green s function evaluation is the most time-consuming program 

segment. All diagonal terms have the same numerical value. Statement 70 

detects when you are on the appropriate diagonal and sets VALG to the 

first value Dn (either DIJD(l) or DIJAIR(l)). Then there is no need 

to call subroutine GREEN in this case and the IF statements in lines 

66 and 71 transfer directi'- to the statements which fill the Djj matrix. 
In line 74, K0UNT3 is inc¿ rented, and if incrementation of the field 

point is not going to include GS (determined by the test in line 75), 

the field point is further incremented across the strip by DELXJ to the 

next subdivision, K0UNT1 is incremented, and loop 110 continues. If 

incrementation includes GS, line 75 will cause a transfer to line 79 

where GS is appended, counter KDUNT1 is reset to 1, and loop 110 con¬ 

tinues. Lines 82 through 88 perform a similar function on the source 

point incrementation. When all I2S entries have been determined for 
DIJAIR and DIJD, the system of equation 8 is ready to be solved. 

The next series of statements set up the appropriate right-hand- 

side vector of Equation 8, rep’-esenting the even and odd mode voltage 
excitations. 
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Loop 120 will fill the first IEND locations of array R and array RD 

Ca duplicate array to R) with the even mode excitation (all +ls). This 

filling is done through an array RHS returned from subroutine VEC. (See 

the description of subroutine VEC for programming details.) The integer 

T»^ble (line 95) contro;!s the even or odd mode excitation cases. 
IMODE = 0 for even mode and IMODE = 1 for odd mode excitation. A duoli- 

cate array RD is made because when the solution routine GELG is called, 

the input right-hand-side vector R must be input but on return, R is 

overwritten with the solution vector containing the charge distribution. 

This routine GELG was called for the dielectric case, but the vector R 

is needed again for the air case so to avoid regenerating R. it is stored 

as RD. For the case N = 1, line 102 will avoid generating the odd mode 

voltage distribution in arrays R and RD and transfer immediately to the 

equation solving routine GELG. For the multistrip case, lines 106 

through 112 will fill R and RD with the odd mode excitation voltages. 

At this point, the matrix of equation 8 is ready to be solved by 

GELG. (See the description of GELG for further details.) Line 119 

will solve for the even and odd mode charge density distributions for the 

dielectric Green s function. The integer variable IN in the call to 

GELG in line 119 is the number of right-hand-side vectors to be solved. 

For the multistrip case, IN = 2 (one for the even mode and one for the 

odd mode) and this value was set in line 6. For the case of N = 1, 

only one mode (even mode) need be solved and in that case, IN was defined 

to be 1 in line 33. Note that the first IEND locations of the solution 

vector contain the charge distribution on the strips for the even mode 

dielectric case and the next IEND locations contain the odd mode 
charge distribution for the dielectric case. 

Lines 129 to 141 perform the summing of the charge on alternate 

strips to obtain CED, the even mode dielectric capacitance. N/2 strips 

must be summed and this quantity is defined as NS2 in line 130. In case 

N * 1 or N = 2, only one strip need be summed and this case is taken 

care of in line 131. The running sum of capacitance is initialized to 

0 by line 129. IS and IE are defined in lines 132 and 133. These are 

the initial and terminal parameters for the loop 140. Loop 140 sums 

the array R which contains the even mode charge distribution. The 

NSTRIP location3 are summed and when this is done, lines 138 and 
139 define new initial and terminal parameters IS and IE. Thus, th.> 

next partial sum will start with an index skipping the next two NSTRIP 
cells from the previously defined value of IS. 

CED is defined and if N = 1, there is no odd mode processing to 

take place so control is passed to statement 210 where the air case is 

solved. For the odd mode case, the solution to the charge distribution 

is found in location (IEND + 1) through (2 IEND) of array R. The operatic 

i/illn?c 146 through 156 18 based on the same principle as lines 132 to 
141. After loop 160 is completed, COD (the odd mode dielectric capaci¬ 
tance is defined in line 156. 
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The even mode and odd mode air cases are solved by inputting the 

DIJAIR array to the equation solving routine GELH. Vector RD is used 

as the array containing the even and odd mode excitations, and similar 

orocessing for that used to obtain CED and COD is used to obtain CEO 
and COO. 

After these quantities are determined, the impedance and coupling 

páramete:s are found by means of the relations of Equations 1 through 5. 

1 : 
2: 
3: 
4: 
5: 
& : 
7: 
8: 
9: 

13: 
11 : 
12: 
13: 
14: 
15: 
16: 
17: 
IS: 
19: 
20: 
21 : 
22: 
23: 
24 : 
25: 
26: 
27: 
it: 
29: 
30: 
31 : 
32: 
33: 
34: 
35: 
36: 

37: 
38: 
39: 
43: 
41 : 
42: 
43: 
44: 
45: 
46: 
47: 
48: 
49: 
50 : 

DIMENSION RD<160),DIJD(7000)»DUAIR(7000) .8(160) 
REAL RHS(80) 

ENTER INPUT DATA 

.'ENTER SUBSTRATE DIEL. CONST.. HEI6HT, AND f STRIPS'/) 

IN«2 
GS*0.0 
NRITE(6,10) 

1C EORMATdH 
101 FORMATO 

READ1C1 .ER.H.N 
IF (N.GT .1)WRITE(6,20) 

20 FORKATMH .'ENTER CAP SPACIN6. IN. BETWEEN STRIPS'/) 
IF(N.GT.1)READ101,GS 
WRITE (6 ,30) 

3C FORMAT ( 1H .'ENTER WIDTH OF STRIPS, IN.'/) 
REA0101 ,&W 
E3*6.854E-12 
PI=3.141592654 
WRITE(6,40) 

40 FORMATOH ,'GIVE t OF SUBSTRIPS DIVIDING EACH STRIP') 
READ 101,NSTRIP 
WR1TE(6,41) 

41 F0R"AT(1h ,'WRITE LOGICAL UNIT FOR OUTPUT'/) 
READ 101,LU 

C 
C 
c 

50 G20.8, 

WRITE OUT DATA 

VRITE(LU,50>ER,H,N 
FORMATdH .'SUBSTRATE DIELECTRIC CONSTANT«' 
./' SUBSTRATE HEIGHT «'.G20.8,' IN.'/ 
.,15,' STRIP COUPLER'/) 
IF (N.E3 .1)IN«1 
IF(n.GT.I) WRITE<LU,51)GW,GS 
if(n.e8.d writeclu.îoidgw 
FORMATdH ,'STRIP W I 0 TH, S 20.8 , ' IN.',' STRIP G AP «', $2 0.8 , ' IN.') 
FORMATdH ,'STRIP WIDTH«',G20.8) 
WRITE(LU,5012)NSTRIP 
FORf.ATdH ,'R OF SUBSTRIPS PER STRIP«',15/) 

51 

5011 

5012 
C 
c 
c 

CONVERT ALL DIMENSIONS TO METR!C(MKS SYSTEM) 

CP«39.3700787 
GW«CW/CP 
G S «f>S / C P 
H«H/CP 
WTOII* GW/H 
ST0ll=GS/H 

STEPPINt ROUTINE 
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51 : C 
52 : 
53: 
54; 

55: 
56: 
57: 
58 : 
59: 
60: 
61: 
62: 
63: 
64: 
65: 
66 : 
67: 
68:500 
69: 
7J: 
71: 
72: 
73:501 
74:991 
75: 
76: 
77: 
78: 

l E N L *=N$ TR IP «N 
12Se1 ENDMEND 
9ELXJ>GW/(FLOAT(NSTRI6)) 

XJS--GS/2.-GS*((FlOAT(N/2-1)>) 
IF ((.. EQ .1 ) X JS«-GW/2 . 
XJ*XJS 
K0ur.T3*1 
KOUM 2«1 

m6U*(7L0AT(N/2) > 

90 100 J*1 » 1 END 
XOUî.'T 1» 1 
XI«X.'S*DELX J*.5 
SO 110 1*1tIENO 
E * E r « E 0 

lM..Ea.J.4ND.I.«E.1>VAL6*6IJD(1) 
IE<I.Efl.J.ANO.I.NE.1>60 TO 500 
CALL GRFEN(E0,E »PI,XJ,XI ,H,VALG,LU) 
61 J0(X0t'NT3)*VALG 
e*i.occooi*ec 
IF(I.EQ.J.AN0.I.NE.1)VAL6*DIJAIR(1) 
IE< I .E9 . J. AND.I.NE.1>G0 TO 501 
CALL >=REEN(EO,E,PI,XJ,xitH,VALG,LU) 
D!JAIR(K0UNT3)sVALG 
K0UNT3*K0UNT341 
IF(KOUNTI.EC.NSTRIP)GO TO 90 
K0UNT1*K0UNT1«1 
XI*XI40ELXJ 
60 TO 110 

79:90 X1*X1*DELXJ4G$ 
80: KOUNT1 -1 
81:110 CONTINUE 
82î IE (K0UNT2.EC.NSTPIP) GO TO 91 
83: K0UNT2*K0UNT2*1 
84: XJ *XJ *6 EL XJ 
85: 60 TO 103 
86:91 XJ*XJ«0ELXJ«6S 
87: KOUNT?*1 
88:100 CONTINUE 
89 :c 

90:C PREPARE TO INVERT RATR1CES OF OIJ'S 
® • • c 
92:C EVEN RODE CASE 
93 :C 
94: 
95 : 
96: 
97: 
98: 
99: 

103: 
101:120 
102: 
103 :C 
104:C ODD 
10S:C 
106: 
107: 
108: 
109: 
110: 
111: 
112:130 
113 : C 

K0UNT4 * 1 
IR0t>E*3 

CALL VECdRODE.N.NSTRlP.RHS) 
DO 120 I*1fIEND 
R(K0UNT4)*(RHS( I) ) 
RD (K0UNT4)*R(K0UNT4) 
K0UNT4*X0UNT4«1 
CONTINUE 
IFCN.EB.DGO TO 131 

rode case 

IA0»E*1 

CALL VECClPODE'N.NSTRlP.RHS) 
DO 130 1*11IEND 
RIKOUNTR t = (RHSm I 
R0IP0UNT4) = R(N0IJNTRI 
K0UNT«:K0UNT4«1 
CONTINUE 
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lltlC NOW PROCC $S T Ht DIELECTRIC GREENS FUNCTION 
UStC MATRIX R WILL BE KECDED AGAIN TO PROCESS THE AIR GREENS FUNCTION. 
1 lb :C SINCE R IS DESTROTEO IN GELG, A DUPLICATE R CALLED RO WAS DEFINED 
ilTsC ABOVE 
118 : C 
llVslSl CALL GELG«R,D1JD.TEND.IN,1.E-5,IER1 
120 : C 
121 :C R NOW CONTAINS THt SOLUTION TO THE EVEN MODE CHARGE 
122:C DISTRIBUTION IN Tit FIRST IENO LOCATIONS. FROM IENDM TO 2#IEN0 
12 3 S C ARE FOUND THE SOLUTION TO THE ODD MODE DIELECTRIC CASE. 
128 : C 
12S :C NOW SUM THE CHARGfS ON N/2 ALTERNATE FINGERS TO OBTAIN THE 
12b :C CAPACITANCE PER UMT LENGTH OF THE STRIPS IN EVEN AND ODD MODES 
12 7 :C 
12B : C EVEN MODE OIEUCTRIC CASE 
129: SUM:0.0 
130: NS2:N/2 
131: IF IN.EC.1.0R.L.C0.2)NS2 = 1 
132: IS=1 
133: ICrNSTRIP 
139: LO ISO 11=1,N?2 
135: LO ImO IMS,IF 
13b: sum:sum,ru> 
137:190 CONTINUE 
138: 1S=IS*NSTRIP*2 
139: 1E=IE*2*NSTPIP 

190:150 CONTINUE 
181: CED=SUM 
192: IF(N.CC.ll CO T0 210 
193 :c 
188 :C NOW PROCESS THE ODD MODE DIELECTRIC CASE 
185 : C 
19b: IS:IEN0*1 
197: JE:IEN0»NSTP1P 
198: SUMrO.O 
199: to 150 11=1,NS2 
ISO: DO 155 IMS.IF 
151: SUM:SUM* R( I ) 
152 :IbS CONTINUE 
153: IS:IS*NSTRII*2 
1C9: IE=1E*2*NSTIIP 
155 :IbO CONTINUE 
15b : COD = SUM 

157:C 
158 : C NOW PROCESS THE MR CASE 
159 : C 

lb0:210 CALL GELG(RD,0IJAIR,IEND,IN,1.E-S,IERI 
lb 1 : C 
162 :C NOW SUM THE CHAPOES TO OBTAIN CAPACITANCE AS IN THE LOOP 150 
T 63 : C 
16* : C EVEN NODE AIR CASE 
165: IS». 
166: IE*NSTRIP 
167: SUM*0.0 
163: DO 220 11-1 ,NS2 
169: DO 230 I*IS,1E 
170: SUr«SUM*RDC IÏ 
171:230 CONTINUE 
172: IS*IS*NSTRIt’*2 
173: IE*IE»2*NSmp 
178:220 CONTINUE 
175: CEU«SUN 
1 76 : C 
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177:C 0»» 
irs:c 
179j 
HO* 
18t t 
182: 
183: 
18«: 
183: 
186:250 
187: 
18S: 
189:260 
190: 
191:C 
192:C 
193:C 
196:260 
195: 
196: 
1«7:997 
198: 
199: 
200: 
201: 
202: 
203: 
20«: 
¿05: 
206: 
207: 
208:990 
209: 
210:996 
211: 
212:995 
213: 
21«: 
215: 
215:993 
217: 
218: 
219:992 
220: 
221:999 
222:998 
223:1000 

"ODI AIR (ASE 

18(N.la.1)50 TO 260 
XS>1END41 

ie«ll88*NSTRIR 
sua«o.O 
80 260 II"1,*S2 
»0 230 1*IS,1C 
SUP-SUIMRDI I) 
CONTINUE 

1S-1S4NSTRIM2 
18>1E42*NSTRIR 
CONTINUE 
CCO>SUN 

NON THE 1NPE0ATC8S CAN BE FOUNR 

V«2.9979E408 
20E>1./(V*S0RT(CE94CE01 > 

î«ï:w:l>w!,Te<Lü»9”>*9« 
80AAAT(1h » 20*'tG20«8) 
iF(N.re.i)Go to iooo 

200*1•/(y*SQRT(C06*COO)) 
COUP* (I OE-Z 00)/(104.42 00) 
CUPDB*8 •68 58889c.«*AlOG« COUP) 
82 EKE«CEO/CIO 
E 2 2K0*C OD/COO 
VE-V/SQRTCCFFKC) 
VO*V/SQRT(EFFKO) 
CHAA»SaAT(ZOE*ZOO) 
NAITE(LU,99C)NT0H,ST0H 

NR ITeIlu, 995) * *0£ ’13*’#l30",10,l,'C0U9tlN*'»98*‘'CNARACTE8I$TIC',J 

0B't6Xv 

¡!irT8e!LL!!:9M!l0l,Z00,cm9'CMM 

,!,,’'£,f,CE'*9X’'£"Kt>'*’*.'C0UPliN«',8R,'yENE^.7Rf^ 
“»ITCILU.992I 

HSSäsFÄSs"--"-»-" 
FORPATIIH .2616.8,616.6,616.8//, 
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SUBROUTINE GREEN 

This routine computes the infinite series (equation 7) representing 
Green's function for the problem. 

VALG represents the value of Green's function for a given XI, XJ, 

substrate thickness H, and relative permittivity, e^. 

Loop 10 on line 5 has a maximum index of 200, so up to 200 terms in 

the sum can be computed. If the series did not converge after 199 terms, 

line 23 will cause a message to be printed to that effect. It was found 

that in all cases run so far. Green's function converged after about 

f 0 terms for the case where e = e e and in about three terms for e = e . 
or o 

h cumulative sum is obtained in line 18. When the loop index N is 

1, a value PREV is set to the first value of the sum. Thereafter, the 

next value of SUM is compared to PREV and the convergence condition is 

that PREV and SUM differ in no less than five significant figures. If 

this condition is not met, the new value of PREV is the old value of SUM 

and a new SUM is computed. When the convergence condition is met, con¬ 

trol is passed to statement 11 where VALG is defined and control is 

passed to the main program. 

It SUd^OUTIKE GREEME0,E.PI*XJ,Xl,M,V»lG,LU» 
21 P=E«E0 
3: R=JE-E3)/P 
M: SUM-0.0 
St 00 10 N=l,200 
St NN=N-1 
Tt Tlr»Fl0ATt2*Ntill*M 
st m=u*u 
St 12r|FLCATI2*NN.2n*H 

I0t !2SrT2*T2 
111 A=UXI>XJI*IX1-XJ)> 
12: ANUM=A«T2S 
131 DN0H = A«T1S 
lot RT;AMJ*/0*0t* 
15t IftPT.lE.0.0»PI=l.E-3S 
It: TERftl = AL06mi 
17:9 S1=TC*"1 
IS: SUNCSUH* S l*<l~l.)*«lfcNM*(R+*(NM>) 
l*t IMN.EO.nPREVrSUK 
20t iriN.EO.H GO TO 10 
21: IFMBSIPREX-SUPl.LT.l.E-llGO TO 11 
22: PRESun 
23: IFIU.CO.IO’IWRITEIIU.70» 
2* :20 rOPPAUlM .’GREENS FUNCTION 010 NOT CONWERGE’/I 
25:10 CONTINUE 
?t:ll VALGr|SUP)/«2.*0l*FI 
27: RETURN 
28: END 
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SUBROUTINE VEC 

This subroutine sets up the rieht-hanH o-ij 

Drl°r t0 C*111"« -‘"-'It.neou. e'uati™ S“0" 8 

The parameter IMODE in the ral Hr.» 

used to obtain the even or odd node »oftage «eltltlônl^ V“Ub1' 

For the even „„de, IMODE - 0 and for the odd „ode, IMODE 
1. 

loop mjrvitt “ airrTn^11-*4 directs f™»»1 « 
la and ^edlatll, ™ ^ "lth *U 

to Unr^e^rereVe^ie-d^^^rS-X ^°1 " “ 

- zixzvi zvrvr^Tr, r°“ - 
+ls, the next NSTRIP locations are i a STRIP locations in RHS are 

the value »STRIP (n,„ber oí a^batrlpa peí atriñ)' tif“" ^ 
and another flag variable called fc ip)’ the counter is reset 
lines 1JJ and 19. The first loraM < ®nRes si8n* This is done in 

is Initialized and the loon co«l“„e"s , 

so do the next NSTRIP locations of RHS. When all ÑsTRríí^ Í '"î in 
have been loaded, return la to the main oro^aT alU" °f RHS 

1: 
2: 
3: 
4: 
5: 
6:100 
7 î 
8:110 
*: 
10:200 
11: 
12: 
13: 
14 : 
IS: 
16: 
17: 
18:209 
19: 
20: 
21: 
22: 
23:210 
24: 
2S : 

w«-V V » I nc . k V v j 
DIMENSION PHSIl) 

t ” tía i Kir «NHS ! 

IE N0-N*N S TP IP 
17IIM00E.E0.01G0 TO 100 
I7llMODE.EO.llGO TO ¿00 
DO 110 Kl,TEND 
RHsum.o 
CONTINUE 
RETURN 
MOUNT:1 
17166:1 
00 210 1:1,IE NO 
17:kount.gt.nstrip»go 
17II7L6G.E0.1IRHSIII: 
17IIF16G.E0.-1IRHSII) 
KOUNT:kounT«1 
60 TO 210 
MOUNT:] 

TO 209 
«1.0 
=-1.0 

1716G:-IF166 

17lTFL6G.E0.-llRHSlI):-1.0 
I7l!FL6G.EO.«llRHSIII:*l.o 
MOUNT:ko UnT * 1 
CONTINUE 
RETURN 
END 
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SUBROUTINE GELG 

This routine, taken from IBM System/360 Scientific Subroutine 

Package Version 111,10 is fully documented therein as well as in the 
comment cards of the listing. 

2: 
JtC 
« : C 
5 : C 
b : C 
7:C 
e :C 
9:C 

10 :C 
lilt 
12 : C 
13 : C 
1* :C 
list 
lb :C 
17sC 
18tC 
19SC 
23 : C 
21 :C 
22 sC 
23:C 
21* : C 
25 : c 
2b :C 
27:C 
28 it 
29 :C 
30 : C 
31 :C 
32 SC 
33 : C 
34 :C 
35 : C 
31 :C 
37 s C 
38s 
39 s C 
40sC 
4181 
425 
43s 
44 S 
458 
4b : 

SUBPOL'TINC GCLG(R,A,H,N*EPS,1CR) 
DIMENSION R(1),A(i ) 

SUBROUTINE GELG 

PURPOSE 

USAGE S0LVC * GENER*L SVSUH 0F SIMULTANEOUS EQUATIONS 

CALL C.ELG(R,A,M,N,EPS,IER) 

DESCRIPTION OP PARAMETERS 

R - THE M ï N m*tri 
ON RETURN R CON 

* - THE M * M COEPF 
N - THE NUMBER OF E 
N - THE NUM9ER OF R 
EPS - AN INPUT CON 

TOLERANCE FOR TES 
1ER - R£ SUL TING ER 
IER=0 NO ERROR. 
IEh:-1 NO RESULT REC 

STEP EQUAL TO 0 
lERtK WARNING DUE TO 

STEP N♦1t NHERE PIVOT 
INTERNAL TOLE RRNCE EPS 

* OP RIGHT HAND SIDES. «DESTROYED! 
IAINS THE SOLUTION OF THE EQUATIONS 
ICI ENT MATRIX. (DESTROYED) 
OUATIONS IN THE SYSTEM. 
IGHT HAND SIDE VECTORS. 
STANT «HUH is USED AS RELATIVE 
T ON 10SS OF SIGNIfICÀNGE. 
ROR PARAMETER CODED AS FOLLOWS 

AUSE OF M LESS Than 1 OR PIVOT ELEMENT 

ErE°íri!?LHA^0.Src<F,il,,''IFIC^CE IN0«*TE0 ‘T ELIMINATION ELEMENT VAS LESS THAN OR EOUAL TO THE 

TIMES ABSOLUTELY GREATEST ELEMENT OF MATRIX A 

remarks 

INPUT MATRICES R AND A ARE ASSUMED TO BE STORED COLUMNWINF 

SKîH'î’?;“;""-" -- » —» 
¡i";:“";;.'?«":;;1 THAT MATRIX A HAS THE RANK K. NO WARNING IS GIVEN IN CASE M=l. 

IP(M)23,23,1 

SEARCH POR GREATEST ELEMENT IN MATRIX A 
lERro 
PIV=0. 
mm;m*m 
Nminwm 

DO 3 L- 1, MM 
TP-AbS(A(L) ) 

10.International Bu8iness Machines. IBM Syetem/360 Scientific 
Subroutine Package Version IIIt Programmer's Manual. IBM, 1968. 
Pp. 121-23, (Program Number 360A-CM-03X). 
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«•Tt IM TP-PI V ) J,3t2 
••6:2 PIVitB 
••9: I = L 
50:3 COMI NUt 
51: IOL=EPS*PrV 
52 : C »Ul IS PIVOT ELEMENT. PIV CONTAINS THE DABSOLUTE VALUE OF All) 
53 :C 
S'* :C 
55 :C START ELIMINATION LOOP 
5b: LST:1 
57: DO 17 K:itM 
58 :C 
59 :C TEST ON SINGULARITY 
60: IF<PIV)23,23,9 
M :H IFiIERI7t5,7 
62:5 IF IPIV-T0U6,6t7 
63:6 1ER-K-1 
6M:7 PIvl:i./AIII 
65: j:i;*l)/H 
66: UI 
67: j:j«i-K 
68:C I*K IS ROU INDEX, J*K COLUMN-INDEX OF PIVOT ELEMENT 
69 :C 
70:C PIVOT RO«l REDUCTION AND ROW INTERCHANGE IN RIGHT HAND SIDE R 
71 : DC 8 LIK ,NM,M 
72: LL-L ♦ I 

73: TB=PIV1*RILU 
76: RILL): R IL1 
75 :B RID-TB 
76 : C 
77:C IS ELIMINATION TERMINATED 
78: IF(K-M)9,18,18 
79 :C 
80:C COLUMN INTERCHANGE IN MATRIX A 
81:9 LENO:IST*m-k 
82: IFIJll?,12,10 
83:10 ll;j*H 
86 : DO 11 L = LST,LENO 
85: TBSAIl.) 
86: IL:!*!! 
87: AIL>:AILL) 
88:11 A ILL ) -TB 
89 :C 
90 :C ROW INTER!MANGE AND PIVOT ROW REDUCTION 
91:12 CO 13 L:LST,MM,H 
92: LL=L*I 
93: TE:pIVI*A ILL) 
96: AILLI•A IL) 
95:13 AIL):TH 
96 : C 
97:C SAVE COLUMN INTERCHANGE INFORMATION 
98: AIL ST I~J 

IN MATRIX A 

99:C 
1D0:C ELEMENT REDUCTION AND NEXT PIVOT SEARCH 
101: PIV=0. 
1L2: LSULST«! 
103: J=0 
106: CO 16 IlrLST.LENO 
105: PIVI=-»llI) 
10b: IST:II«M 
107: J=J*1 
108 : 00 15 L-1 ST,MM,M 
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I09t LL-L-J 
11C« A<L>:*a>*PIVl**(LL) 
HI: T8:A9S(A (III 
U2l IF«TB.PIVU5,15,1* 
1X3 I !•» PivrTB 
IH: i=l 
115:15 CONTINUE 
Hi * 00 U l:N ,NM,N 
117: LL=L*J 
h* * 18 pai)=R«LL)*prvi*pa» 
115:17 LSTriSWH 
121:0 END OF ELIMINATION LOOP 
121 :C 
122 : C 
123:0 BACK SUBSTITUTION ANO BACK INTERCHANGE 
12**: I® lr ««-1 )23,22,1» 
125:1» IST:MM«n 
12a: LST:k*1 
127! DO 21 1=2,H 
12«: II=LST-I 
12») ISTrIST-LST 
133: LrlST-H 
131: LrA«u«.S 
H2 : 00 21 J= 11, NH,H 
135: TP = Rij) 
13¾ : IL=J 
HS : 00 20 K = IST,HH,H 
136: LL = LL♦1 
137:20 TB=TN-AIK)»R(LL) 
138: K=J*L 
13»: R(J)=R<K) 
190:21 R(K ):TB 
191:22 RETURN 
192:0 
193:0 
199 :0 ERROR RETURN 
195:23 ICR=-1 
19fc: RETURN 
197: END 
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