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Frequency Responses in the

Reflection Coefficient

Plane Plotted by Digital Computer

It is very often necessary to predict

changes in either reflection coefficient p, or

VSWR, or input immittance as a function

of frequency, say, caused by adjustment

of some variable in the load of a trans-
mission-line, or its transformation towards

the generator. For an active load, e.g. a
tunnel-diode amplifier, information on gain

and stability may be required. The task is

generally tedious if done manually.
In this correspondence details are given

of a computer program which provides a plot
of active or passive real frequency immit-
tances as on a Smith chart, utilizing the

complete p-plane. It takes the form of a sub-

routine into which impedance or admittance

values are fed as calculated by the main

program and which generates a print-out of

voltage or current reflection coefficient,
respectively.1 It is designed both as an ex-

tension of a previous paper,z and for applica-

tion to transmission-line problems generally.
Since a main program is needed to read

the immittance values or to calculate them,
microwave engineers unfamiliar with pro-
gramming should consult their programming
advisers. Minor changes to suit user or
machine may be found necessary. The

straightforward nature of the program obvi-

ates the usual need for a flow diagram. The

specific example shown in Fig. 1 is written

in FORTRAN IV and is briefly described

as follows.

The first card indicates the name by
which the subroutine is called, i.e. CALL

CHART 1. The complete COMMON state-
ment as shown, and a COM PLE.X state-
ment containing FUNC (201), must appear

in the main program. FUNC stands for im-

pedance or admittance according to whether

I TYPE equals 1 or 2, and must be normal-

ized in the main program. I TYPE also

governs the page heading of the chart appro-

priately. NUM corresponds to the number of

points entering the subroutine from the main

program, in which both it and I TYPE are

explicitly set before the subroutine is called.

If these conditions are not satisfied the pro-

gram faults.a 1 n the present example, the

Manuscript received April 25, 1966; revised May
16, 1966. This work was carried out while the author
held a Research Studentship from the Science Re-
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1 Two basic methods of storing and plotting were
considered. The first was to represent a square area on
the page by a matn?. The poin~s could be entered in
any order, the urintmg instructions ensuring the cor-
rect sequence. The second was to define a row matrix
containing only the relevant points. This method
would necessitate sorting the points into the print-out
sequence before the printing instructions could be
given. For a considerable number of points, the co-
ordinates of which were not explicitly related or con-
trolled, the first method would tend to use more
storage space in the computer, but take less time than
the second. The IBM 7090 was available to the author.
.4s this machine is not time-sharing. it was thought
that the first method would be prefe~able.

j J. W. Bandler, “Stability and gam prediction of
microwave tunnel-diode reflection amplifiers, ” IEEE
Trans. on Mkrowaue Theory and Tech ?wques, vol.
MTT-13, Pp. 81*819, November 196S.

3See statement numbers 40 and 45 in Fig. 1.
Failure to observe the corremondence of NUM to the

SUUROUT lNE CHART 1

COMMON /RPLANE/FUNC. I TYPE, NuM
COMPLEX FuNC (201 ) ,RHO

DIMENS1ON PNT(57.95). c(1o)
DATA (C(I), 1=1, 10)/1 H ,lH-, lHX, lHO, lH+, lHP, lHR, lH*. lHN, lHS/

IF(NuM. GT.200) GO TO 15

IF( ITYPE. EQ.1 ) GO TO 1

IF(l TYPE. EQ.2) GO TO 2

GO TO 16

1 WRITE (6,20)

GO TO 3

.2 WRITF(6.25)

3 NUM.NUM+l

FUNC (NUM ) =FUNC ( 1 )

DO 4 M=l .57

00 4 N=l ,95

4 PNT(?A, N)=C(I)

00 5 N=2.94

5 PNT(29. N)=C (2)

PNT(29,48)=C (3)

PNT(29,1)=C (4)

PNT(?9.95)=C (4$

J= NuM-2

DO 9 1=2, NuM

RHO=(FUNC (!)-l. )/( FUNC( 1)+1.)
G?JIN=CABS(RHO)

lF(GAIN. GT. 1.) GO TO 8

N=4.2.5+47. *REAL (RHO)

M=2~.5-28. *A IMAGIRHO)

PNT(M, N)=C(5)

IF(I. LT. J) GO TO 9

IF(!.LT. NuM) PNT(M, N1=C(61

IF(l. EQ. NUMI PNT(M, N)=C(7)

GO TO 9

8 RHO= 1 ./cONJG (RHO)

N.48.5+47. *REAL (RHO)

M.20.5-7a. *AI MAG(RHo)

PNT(M. N). c(8)

IF(l. LT..J) GO TO 9

IF(l. LT. NUM) PNT(M*N)=C(9)

IF(l. EQ. NuM) PNT(M, N)= C(1O)

9 CONTINUE

WRITF( 6,30) [( PNT(M, N), N=1,95)?M=1 .19)

WRITE (6,35) (( PNT(M, N). N= I,95)!M=20*57)

GO T@ 100

15 WRITE (6,40)

GO TO 100

16 WRITF( 6,45)

10(! RETURN

20 FORhlAT( 17HI lMPEOANCE CHART , 97X, 17H DE

25 FORMAT( 17 HIAOMITTANCE CHART. 97x. 17H 08

30 FORMAT (19x,95 A1,17H O
1 19H RHO-PLANE ,95 A1.17H
2 19 X,95 A1,17H
3 19 X*95 A1$17H 1
4 19 X.95 A1,17H
5 19 X,95 A1,17H

6 19 X,95 A1+17H 2

7 19 X,95 A1,17H
8 19 X*95 AI.17H 3

9 19 X,95 A1,17H
1 19 X*95 A1*17H 4

2 19 X,95 A1.17H

3 19 X,95 A1,17H 5
4 19 X*95 A1,17H
5 19x.95 A1,17H 6
6 19 X,95 A1*17H
7 19 X*95 AI.17H

8 19 X.95 A1,17H 8

9 19H POSITIVE IMAGINARY,95A1,17H

35 FoRMAT (19x,95 A1,17H 10

1 19 X*95 A1*17H

2 19x.95 A1,17H 12
3 19x,95 AI,17H

4 19 X,95 A1,17H 15
5 19x.95 A1,17H 17
6 19x.95 A1.17H 20

7 19 X,95 AI.17H 23
a 19 X,95 A1,17H 29

9 19 X,95 AI.17H0 INF

1 9(/19 x,95A1)/

2 19H NEGATIVE IMAGINARY,9SAI ,

RHO VSWR )

RHO VSWR )

1.0 [NF /
55.0 /

27. o /

●9 17.7 /

13.0 /

10.2 /

.8 8.33 /

7.00 /

●7 6.OO /

5.22 /

4.60 /

.6 4.09 /

3.67 /

3.31 /

.5 3.00 /

2.73 /

2.50 /

.4 2.29 /

2.11 )

1.95 /

.3 1.80 /

1.67 /

.2 1055 /

1.44 /

1.33 /
.1 1.24 /

1.15 /

1.o7 /

.0 1.00 ●

3 12(/19 X.95Al)/
4 19H J W BANOLER .95 A1,12H FREQuENCY/

5 19H MIcROwAVE LAB .95 A1,12H RESPONSE /

6 19H ELEC ENG DEPT ,95A1 /

7 19H IMPERIAL COLLEGE ,95A1 /
8 19H LONDON SW 7 .95A1 /

9 19H SEPT 1965 ,95A1 )

40 FORM AT(47H1 THE MAXIMUM NUMBER OF POINTS HAS BEEN EXCEEDEO)

45 FoRMAT(36HI THE CHART TYPE HAS NOT BEEN DEFINED)

ENO

Fig. 1. The comulete subroutine program in FORTRAN Iv.
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Fig. 2. Part of tunnel-diode amplifier.
Exarn@le
Tunnel-diode: R =45Q, C =2.OPF, i’= 1.0f2,

L =0.12nH, C(package) =0.3PF.
Stabilizing filter: Y~ =35.425 mmhos, 11=2.4175cm,

Yz =52.775 mmhos, la =2.7762 cm,
Yt =52.495 mmhos, 18=2.5844cm.

Bias resistance: 40!2

maximum square area which would fit the
available page was used.~

The – sign is used for the center-line
(zero reactance or susceptance), with X at
the center-point (p-plane origin). 0 is
printed at either extremity, with an extra

O on the right to indicate infinite immit-
tance (see Fig. 3). The +, P, and R are used

for immittances with positive real parts, the
*, N, and .S for those with negative real

parts. R or .S characterize the first point
(arrow tail), P or N the last two points

(arrow head).’
When the real part of the immittance is

negative, the response is reflected back into

the unit circle by the transformation

1
/=7

P

where p* is the complex conjugate of p, ac-

companied by the appropriate change in the

character representing the point.
After all the points have been assembled,

they are plotted on a new page with the

4 Thk area is provided by a 57 by 95 matrix. Tbe
DIMENSION statement declares the size of the ma-
trix, and also the number of characters that can be
dotted. here 10. The DATA st. twnent d#ine<
ihese characters and gr~u~s them in the order of im.

-- . . . . . .

portance with the least important, a blank, first.
Initially, all the elements of the matrix are made
blanks to clear lt of m-evious rmints (DO loon tw-.
minatinsz on statemeni 41. “ ‘ -‘= ‘“-

Clea~lv. the co-ordin&s ran cmlv he located in the
matrix at-discrete wmitinns To efk....J-t[iiiGe-:s-mid:
of the fact that a real variable entering an integer
register is tmncated at the decimal point. Hence, each
point is located in row M, column N by

A+2. A–1.
M=—–––– — In(p)

2. 2.

B+2. B–r.
N= ~ + ~ Re(p)

PCS ITIVE I!’#GItiARY

------------------------

1

~---_ ---------------~ ----. --------___ -L------------------------ “

\

kEGbTIVE 1Y~GINfi17Y

DO RHO
O 1.0

1 .9

2 .s

3 .7

4
.6

5

6 .5

8 .4

10
.3

12
.2

15
17
20 .1
23
29
lNF .0

10.2
S.33
7,00
6.00
5.22
4.60
4>09
3-67
3.31
3.00
2.73
2,50
2.29
.?ail
L. 95
1.80
3..6?
1.55
1“ 44
1733
1.24
1.15
1.07
1.00

Fig. 3. Smith chart plot of ZIN of Fig. 2 normalized to 10$3. Frequencies: O to 175Mc/s in steps of 25 Me/s;
200Mc/s t? 4.6Gc/s in steps of 100 Me/s. Quantization inevitably caused some overwritten ~oints; hence,
they are mmsing.

scales, as shown in Fig. 3. Note that the
numbers constituting the scales are taken to

represent the values at the middle of the
lines. The plot showns is a frequency response
of the input impedance ZIN of the network

of Fig. 2, for the parameter values shown.

This network includes the stabilizing and

biasing circuit of an S-band rectangular

waveguide tunnel-diode amplifier, for which,

for example, a rapid evaluation of the effects

of diode parameter variation on stability, as

indicated by Nyquist-type plots,z is essential.

The program is readily modified to suit

alternative scales, sizes, layouts, etc. An ex-

panded chart could be realized by dividing

RHO in the program by the maximum mag-

o The scales and labelling of Fig. 3 have been
rearranged here to facilitate a more convenient Ixint,
ing layout. The entire square area within which the
chart 1s contained is, 1! fact, free of labelling, and the
scales are printed vertically from the center-line up.
wards, alongside the square.

nitude to be displayed, and then restricting

excursive points to the circumference, or
eliminating them altogether. The adjoining
scales must, for this case, be altered or re-
moved. The program could also be rewritten
to accommodate automatic scaling which
would be determined internally or externally
to the subroutine, and possibly generating a
print-out of the scales. The chart size can
similarly be altered. For some applications a

specially prepared transparency of a Smith
chart may be used in conjunction with
the computer plot to obtain associated

Parameters more accurately, e.g. the
phase of p.

It is felt, however, that the whole p-plane
merits a subroutine of its own, such as the
one described here, as it is so frequently used.

J. W. BANDLER

Dept. of Elec. Engrg.
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