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AN ANALYSIS ROUTINE FOR
ARBITRARY 2-PORT NETWORKS ON THE H.P. 9845 COMPUTER

ABSTRACT

The program FARANT was developed as an aid in microwave circuit analysis
for the electronics research division at NRAO. It is designed to run on the
HP 9845A desktop computer which has graphics and subroutine capabilities, a
CRT display and paper printer, cassette storage, and a particularly easy to
use syntax and flow of control. It is modelled after BAMP (an HP program
for the 9830) and COMPACT (available from TYMSHARE, INC.), and combines
strengths from both of these as well as its own capabilities. As of this
date, FARANT offers full frequency analysis of arbitrary networks of two-
ports, user-specified topology, outputs in various parameter sets for the
composite two-ports, and direct plotting capabilities for the scattering
parameters. It is also flexible enough to incorporate the user's own BASIC

programs for optimization, plotting and many individual analysis problems.
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USER'S MANUAL FOR FARANT

Introduction

To load the entire program into the HP 9845 memory the user must execute
the statement LOAD "FARANT" with the tape in the right-hand reader. He should
then press the SPACE DEP key (while holding down the CONTROL key) to set the
calculator in "space dependent" mode which basically recognizes multi-character
variable names when separated from other words by a blank space.

The program has all of its 3-digit line numbers reserved for the user's
commands. The easiest way to enter these is by executing AUTO 100 which will
create line numbers automatically. Each line must be STOREd, but can always
be changed by executing EDIT LINE n, and then re-entering the line. When the
user is satisfied that he has stored his circuit and requested the right out-
puts, he simply pushes the RUN key, and the analysis is under way.

The program is not interactive, but rather "cooperative'". The user
types in requests for valid calculations in his section of the program, and
when run, the program cooperates. In this sense, FARANT is passive and

totally vulnerable to the user's requests or manipulations.

Conventions

The units used throughout the program for input and output are:

Ohms P Seconds (10-12)
m Mhos (1072) G Hz (10°)

-12
p Farads (10 ) Degrees

n Henries (10-9) Inches



Two-port parameters are stored in matrices of dimension 5 x 4 which
contain the type of parameters in the (5,1) location (See "From the Program's
Point of View..."). For practical purposes, the user need only reference
these arrays with a matrix identifier (an asterisk in parentheses) after the
letter name, which can be A through H. Thus, the matrix C(*) can hold para-
meters for a two-port and can then be considered to be that two-port.

In calling some subroutines the type of matrix is required as an input.
The five parameter sets that FARANT uses are coded with numbers as follows:

[A] =1 (ABCD matrix)

[z] = 2 (impedance matrix)
[Y] = 3 (admittance matrix)
[S] = &4 (scattering matrix)
[T] =5 (transmission matrix)

Multi-character variables and subroutine names are denoted with one
capital letter and the rest small. Once the user has put the computer in
"space dependent" mode, however, he need not worry about such details, and

can type everything in the normal (capital) letters.

User Commands

Frequency

The user must specify (on his first run) the frequencies for analysis at
the beginning of his commands. This can take on a number of forms, but all
must assign values (in GHz) to the variable F which is reserved for frequency.

Some useful ways of doing this are to put in line 100:

F=5 - specifying 5 GHz as the only frequency
FOR F = 0 TO 10 - range of integer frequencies
or FOR F = 3 TO 6 STEP .1 - range with specified step size



NEXT F - needed to end the frequency loop

Topology

Within the frequency loop the circuit must be specified as a network of
two-ports. This takes the form (noting that the parameter list can be values,
literals, variables, or numeric expressions of either sign):

CALL element or function (list of parameters passed to the subroutine)

In most cases the first parameter is a name for the two-port being created,
e.g., A(*). The elements are described below and consist of R-L-C circuits,
transmission lines, controlled sources, etc. The functions are to Cascade,
Series or Parallel two elements, to change ports, to create a branch connec-
tion, to print the parameters for an element, and so forth. First, I'll
describe the CALLing of the subroutines to perform these operations, and

then go through an example.

R-L-C 2-Ports:

CALL Rlc (X(*),Type$,R,L,C,Place$)

X(*) is an array identifier naming the two-port; a letter A through H
followed by (*).

Type$ and Place$ refer to the type of R-L-C (series or parallel) placed
in series or parallel in the two port. Thus, both parameters
require either "S" or "P", and the quotes are necessary.

R,L,C are the values of resistance, inductance and capacitance in units
of ohms, nano-Henries and pico-Farads. A value of zero denotes the

lack of that element in the two port (which is sometimes equivalent



to assigning it infinite value and sometimes zero).

A "S"eries R-L-C placed in "S"eries "pP" in "s"
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Lossless Transmission Lines (TEM):

CALL Trline(X(*),Zg,Length,K)

Zg is the (real) characteristic impedance of the lossless line W'L'.

a

Length is in inches, the physical dimension.

K is the relative dielectric constant——;éﬁ— for permeable dielectrics.

—) —
— 0 )_g__

Lossy Transmission Lines (TEM):

CALL Lossyline(X(*),Zg,Length,K,Ac,Ad,Fo)
Ac is the attenuation in dB/inch that the line would have with only
conductor losses.
Ad is the same, but for the dielectric losses only.

Fo is the frequency at which Ac and Ad were determined.

Ideal Transformers:

CALL Tf (X(*),Turnsl,Turns2)
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%ﬁfﬁif is the actual turns ratio and can be negative to reverse the

polarity of port 2's current and voltage. Shown is the positive
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Controlled Sources:

CALL Source(X(*),Control$,Source$,Gain,R1,R2,Delay)

Control$ is either "C" or "V" for a current or voltage controlled
source.

Source$ is also "C" or "V" for the source itself.

Gain is either u, a, rm, gm where the trans-conductance gm is given in
mMhos. The convention is to have positive current into port 2
when shorted, but the Gain can, of course, be negative.

R1,R2 are the resistances at ports 1 and 2 which can be in the range
0 to 1020 or so.

Delay is the time lag between the control and the source, in pSec.

"V" controlled "V" source "V" controlled "C"
R
2
AAML
s -jut
VlT R uv, e 30T VlT Ry U Ry
4_ 1
"c" controlled "V" "C" controlled "'C"
)

- . >
L P 1 —jut
-jwt al.e R
Rl + rmlle R1 1 2




Using Measured Parameters:

CALL Pread(X(*))
In addition to the CALL, the user must store his data in lines 4200 to 4250
with DATA statements. The necessary values are:

Pset (1 to 5), Number of Frequencies, F1o Fpo Fy ... F (n < 50),

Data in the form of Magnitude, Phase (degrees) for each parameter 11,

12, 21, 22 at each frequency listed.
The frequencies must be in increasing order. All of these requirements are
displayed when EDIT LINE 4200 is executed from the keyboard, thus they can
be checked before the data is stored.

For only 1 frequency typed-in the parameters are taken as constant,
independent of frequency. For 2, the CALL will perform a linear interpolation,
and for 3 or more it will perform a full parabolic interpolation. Frequencies
out of the range are extrapolated without warning to the user, and he should

use his common sense in this matter.

Exchanging Ports 1 and 2:

CALL FLIP(X(*))
Whatever element is named for X(*), the CALL will swap the ports, thus
changing the convention of input and output. (See "Calculations and Logic in

the Subroutines'" for the conventions).

Creating a Branch Element from a 2-Port:

CALL Branch(X(*) ,Type$)
Type$ is either "S" or "P" for a series or pParallel branch.
NOTE: Port 1 of X(*) is used to connect the branch to the 2-port, and

port 2 is left open and inaccessible.
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Cascading 2-Ports:

CALL Cas (X(*),A(%*))
X(*) and A(*) can be the same element, in which case a duplicate of X(%)

is cascaded onto its right-hand port. X(*) holds the result. A(*) is always

cascaded onto the right of X(%).

] [T] [T]

~

X(*) (A(*) is unchanged provided A(*) # X(*))

Paralleling or Putting 2-Ports in Series:

CALL Par (X(*),A(*))
CALL Ser (X(*),A(*))
Again, the result is placed in X(*) and A(*) is unchanged (provided, of

course, that A(*) is a different element).

__(— [¥]
N L/ The Par Connection

(Y]

[z]
[ ] The Ser Connection

[z]




Note that the Ser and Par connections will effectively embed each element
between 1:1 transformers (not shown) that, for example, avoid the possibility

of shorting the terminals of one 2-port through the other.

Storing and Printing Parameter Sets:

CALL Prt (X(*),Pset)

Pset is 1 to 5 for the various types of parameters. This CALL stores
the requested parameters in memory and also prints them. Note that this CALL
must be within the user's frequency loop in order to store the information at
each frequency (as well as print the parameters). Rollett's stability factor

k is also printed, regardless of the type of parameters.

Printing Other Parameters:

CALL Dtrans(Pset)

Once a frequency loop has been completed which included the CALL Prt
(Pset) statement, any other parameters can be quickly printed by this CALL
statement. Alternatively, if FARANT is run again with this as the sole user
instruction, and PRINTER IS O is executed just before the run, a hard copy
will be produced by the heat sensitive paper printer. This CALL can be re-

peated to request any of the 5 parameter sets.

Plotting S-Parameters on a Smith Chart:

CALL Smith(Xmin,Xmax,Ymin,Ymax)
CALL Splot(I,J)

Xmin...Ymax are the extreme values of a particular S~Parameter (S,.,) that

i]

the user wants to plot. (He can find these from the values in the

printout at 180°, 0°, -90°, 90°, respectively.) For S.. or 322, the

11



largest full Smith chart is obtained with -1, 1, -1, 1, but values
smaller than 1 are acceptable as well, to obtain any (blown-up)
section of the chart.

I,J are the subscripts of the S parameter to be plotted, e.g., 2,1 is

the forward gain.

The graph will be displayed as it is plotted, and when finished, the
user can label it by first executing the LETTER statement, and then produce
one or more hard copies by pushing STOP and then executing DUMP GRAPHICS.
Graphs cannot be plotted if the CALL Prt was not included in the frequen-
cy loop during the analysis. However, subsequent runs of FARANT will retain
the data used in plotting, and can skip the entire frequency loop just to plot

parameters.
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Summary for the User

Insert the tape in right-hand reader.
Execute LOAD "FARANT"

Execute AUTO 100

CALL statements within the frequency loop:
Rle (X(*),Type$,R,L,C,Place$)
Trline(X(*),Zg,Length,K)

Lossyline (X(*),Zg,Length,K,Ac,Ad,Fo)
Tf(X(*),Turnsl,Turns2)

Source (X(*),Control$,Source$,Gain,R1,R2,Delay)
Pread (X(*))

Flip(X(*))

Mtrans (X(*),Pset)

Branch (X(*) ,Type$)

Cas (X(*),A(*))

Par (X(*),A(*))

Ser (X(*),A(*))

Prt (X(*),Pset)

CALL statements placed after (and not requiring) the frequency loop:
Smith (Xmin,Xmax,Ymin, Ymax)
Splot(I,J)

Dtrans (Pset)
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DETAILED USER INSTRUCTIONS

The Reference Z0 for S-Parameters

The reference or normalization impedance for all S-parameters defaults
to 50 ohms when FARANT is run. The user can change this, however, by assign-
ing Zo in his program segment or editing line 30 to the desired Zref' The
use of transformers also comes in handy for changing the reference of a set
of S-parameters measured in some other than 50 ohm system. For instance,
after the device parameters are read into a matrix by the subroutine Pread,
they can be changed to another reference impedance by sandwiching the 2-port
between ideal transformers. The impedance ratio--the square of the turns
ratio--must transform the relative impedance from Zref of the initial para-
meters (next to the device) to Zo of the new parameters at the outside ports.
Transformers can arbitrarily normalize the input and output to any line im-
pedance that is desired.

Perhaps a simpler way of changing the Zref’ however, is to use the sub-
routine Mtrans to change from [S] parameters to either [A], [Y] or [Z], with

Zo temporarily set equal to Zre of the initial device parameters. The

f
variable Z0 is used by Mtrans as a common storage location for the normaliza-
tion impedance. Thus, the statements CALL Pread(A(%*)), Zo = 73, CALL

Mtrans (A(*),2), Z0 = 50 would change the 73 ohm S-parameters in A(*) to [Z]

parameters and maintain a consistent 50 ohm system.

Creating Storage for More Elements

In line 15 the program sets up storage matrices for 8 elements named A
through H. There is nothing special about the number 8 or those particular

letters, and the user should feel free to add to the list or change the
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names according to his desires. Each element dimensioned takes about 170
bytes of memory, whether or not is is used in later statements. Element
names in lines 100 - 999 must, of course, correspond to those dimensioned
in earlier program lines.

The data-base matrix Dat(101,9) is not so flexible, however. Both Dtrans
and Splot contain a loop of 100 iterations to step through the data-base.
Several other places assign the single element Dat(101,1) the type of para-
meters in the data-base. Thus, the user can expect trouble if he tampers

with the data-base.

Special Frequency Loops and the Data Base

It is possible that the user would like analysis over a specialized set
of frequencies not specified by a simple FOR-NEXT loop. Frequency bands,
for example, can be specified by a loop construction as follows:

FOR I =1 to 2

two bands

READ Fl1l, F2, DeltaF initial F, final F, and increment
DATA 0, 10, 1, 15, 100, 5

FOR F = F1 to F2 STEP DeltaF

0 to 10 GHz by 1

15 to 100 GHz by 5

NEXT F

NEXT 1

Using the READ-DATA statements in combination with FOR-NEXT loops, one

can tailor any frequency specification he desires.
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It is also a simple matter to add frequencies to a printout and the data-
base. All that must be done is to delete line 25 which sets Count = 0. When
the program is then RUN, it will not know that the analysis has started again
(because count is held in common between runs), and it will continue the
printout and writing into the data base as if nothing happened.

There are a few peculiarities about this procedure, however, that can
cause mysterious results if they are not understood. First of all, the data
base does not get erased upon RUNning FARANT, specifically for this purpose.
To begin with a clean slate then, it is advisable to execute SCRATCH C to
initialize the common variables to zero again when that is desired. Since
the entire data base is one entity, it should only contain one type of para-
meters, and since plotting uses the entire data base for each graph, the

frequencies should all be increasing if one is planning to do plots.

Saving the Circuit Topology or Measured Parameters

Oftentimes there is a considerable amount of work involved in typing in
a circuit or the measured parameters for a device. When more work must be
done on the same topology, it can all be stored very simply by executing the
statement STORE "circuit name (£ 6 characters)". The corresponding state-
ment on later runs is then LOAD "circuit name'". This will take less than 30
seconds each way, but is wasteful of tape storage and inflexible.

Greater efficiency of data handling (although slower by word) is accom-
plished by the SAVE-GET statements. SAVE "FETDAT",4200,9999 would save the
last part of FARANT, including the data, and SAVE "CKT",1,999 would save the
first part. Then the entire program could be compiled into memory by the

statements GET "CKI", GET "FARSUB",1000 and GET "FETDAT",4200 where "FARSUB"
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is a SAVEd version of FARANT's subroutines. These pieces are flexible enough
then to allow many topologies or device parameters to be re-used from tape
storage. It should be understood that the GET statement writes the program
lines into memory beginning at the specified line number, uses the line

increments that were saved, and deletes all higher numbered lines in memory.

Alternate Plotting and Analysis

Because FARANT is designed to allow the user complete control, it will
accept virtually any Basic statements or programs in the user's area of the
program. These can range from the simplest calculations or matrix operations
to plotting routines or entire programs, any of which can be linked into
memory with the GET " ",n statement.

As an example, say one wanted a plot of the magnitude of 2 vs.

22

frequency over a previously analyzed frequency range. In general this is

what he would do:

CALL Dtrans(2) - to get [Z] if he hadn't already
printed them

GRAPHICS

GCLEAR

SCALE 0, 20, 0, 100 - 20 GHz, max output impedance of
100 ohms

AXES

MOVE Dat(1,1),SQR(Dat(1,8)% +
Dat (1,9)2)
FOR I =1 to Count
PLOT Dat(I,1),SQR(Dat(I,8)2 +
Dat(I,9)2)

NEXT T
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Since the frequency and parameters (in any form) are held in the data
base, plots are as easy as this.

Other analysis problems can similarly be incorporated into the user's
commands. For instance, he could set up a loop to vary a parameter value,
or an iterative process that optimized some aspect of the circuit performance
numerically. Noise figure calculations and optimizations are in fact two
features yet to be incorporated into the subroutines of FARANT. Any adven-
turesome programmer is more than welcome to undertake these tasks and

thereby widen the applicability of the program for others.
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FROM THE PROGRAM'S POINT OF VIEW...

Complex Number Manipulations

The circuit analysis that FARANT uses requires complex numbers in most
calculations. Voltages and currents are considered to be '"phasors'" of some
magnitude and phase, with rotation at the frequency w assumed. Impedances,
admittances, and gains with delays are all taken to be complex numbers and
are manipulated with both real and imaginary parts. The Euler formula for
expansion of EXP(imaginary number) is used extensively:

eje =cos 6 + j sin 6
For example, a transmission line which takes T seconds to propagate an E-M
wave has a phase delay of voltage and current (at F Hz) of 27Ft radians, or

an e—J(ZﬂF)T

phase factor.
Alternatively, given a complex number, it can be interpreted as a phased

quantity by a magnitude and angle:
a+ jb = a2 + b2 at angle tanfl(g) + (r if a <0)

Complex algebra can effectively be handled with matrix algebra by using

the following mapping:

zl=a+jb<—+[a b]
-b a

ab 1
Mag (a + jb) <« Det[;b %] 2

2, 2z, ** matrix product (order not important)

1 ab] !
—_— <>
Zl - a
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2 X 2 matrix of complex z's <> 4 X 4 (partitioned) matrix of real numbers

Product of complex 2 X 2's <> product of corresponding 4 X 4's

To eliminate the ambiguity in the angle of complex numbers, I found that
the simplest mapping from a + jb to 6 (which avoids division by 0) is the
following:

IF a*b = 0 THEN 6 = [SGN(a) (SGN(a)-1) + SGN(b) ]1*90°

IF a*b <> 0 THEN 6 = TAN "(b/a) - [SGN(a)-1]*SGN(b)*90°

(The SGN( ) function yields -1, 0, or 1.)

This maps the arc-tangent function into the range -180° < 6 < 180°.
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Parameter Transformations SUB Mtrans (X(*),N)
X(5,1) holds the present type of N is the new form of parameters
parameters
1 | A AD-BC 1| P Zin%7%%a
[z] = ¢ [A] = =
C 1 D 221 1 7
22
-1 -1
[Yl = [2] [z1 = [yl
-1 )
[s1 = |I1] - [¥)Z ) X [1]1 + [Y]Z, [Yl = |JI1] - [s] |y [1] + [s]
.
3
N oY) 1 | Tar TiaTeoTioTan
[l = s, s S,,5,,=5.,.8 [s] = T. 1 -T
21 11 12721 "11722 11 12
LTt T T T T T Zy (Ty; = Typ + Tyy = Ty))
(Al =711
z, (Tyg *T1p = Ty =~ Tpp)  Typ =~ Typ = Tyy + Ty
A+2 +cz. +D A-2 +cz -D
Z 0 Z 0
1 0 0
[T} =3
A +-§ -CZ -D A - B _ CZ,. +D
Z0 0 0 0

Note convention:

(Al =1 [s]

]
£

0
(9]

[(z]
[Y]

2 [T]

[
w

N
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Mtrans can perform the following cyclical transformation:

[A] [T]

"forward" path "reverse" path

[z] [s]

(Y]

These were chosen on the basis of their simplicity (for example, 1 to 2 and

2 to 1 are equivalent transformations) and their completeness in closing the
loop. The speed in stepping through the loop is minimal because the algorithm
takes the shortest path (if possible) and usually does only 1 or 2 transfor-
mations.

Any matrix type may be desired as a termination point:

[Z] - for SERies connections
[Y1] - for PARalleling

[A] or [T] - for CAScading (both work)
[S] - for output and plotting

Handling undefined matrices (ones that are infinite):

In many cases, a particular matrix will not be defined because it is
unbounded. For example, the [Y] matrix of a parallel impedance, [Z] of a
series impedance, [Y] or [Z] of a lossless half-wave transmission line, [A]
or [T] of a "broken" or "shorted" 2-port, and even [S] for a few special cases
can be infinite in the ideal case. Given a defined matrix and a transformation
to be performed, however, one can always tell if the result is finite by check-

ing for division by O or the inversion of a matrix whose determinant is O.
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Since there exist two possible "paths'" to the desired matrix, this
cyclical transformation will only fail if:
1. the final matrix is infinite
2. [S] and [Z] don't exist, or
3. [A] (and [T]) and [Y] don't exist (note that [A] and [T] are
finite or infinite together)
Now case 2 is actually impossible, and we assume case 3 can't happen for any
meaningful 2-port. Thus, the only consideration is what to do when the
requested matrix is infinite. Each subroutine that uses Mtrans deals with

that locally.

Flow of Control in Mtrans:

Matrix

Program Change
Line (P>N) Mtrans first chooses the shortest path by the statements:

ll 12 forward distance

N
'd A

l2 2 >3 IF (N>=P)*(N-P) + (N<P)*(5+N-P) <3 THEN

13 3 > 4 ON P GOTO 11,12,13,14,15

l4 4 > 5 ON 6-P GOTO 16’17’18’19’110

15 5>1 (P = present type of parameter set)

GOTO l1

(forward path)

16 54 If a infinite matrix is encountered, the variable

l7 4 » 3 Nogo is set equal to 1. This variable is held in

l8 3>2 common so all other subroutines can check Nogo after

19 21 calling Mtrans to see if it failed. 1In all cases

l10 15 X(5,1) gets the type parameters of the final matrix
GOTO 16 that Mtrans obtained.

(backward path)
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At each 1i the following occurs:
1. If N = [matrix type to be changed], then the changes have been
successful; set Nogo = 0 and finish.
2. 1If change is impossible AND Nogo = 1 already, then set X(5,1) = P
and subexit. (Failure has occurred in both directions.)
3. If change 1is impossible but Nogo is still O, then set Nogo =1
and branch to the other path to try that.

4. Perform the change normally and then set P = [the type para-

meters just created].

Initializations in the Main Program Segment

OPTION BASE 1
This sets the default lower-limit of dimensioned arrays to 1 rather than
0. Thus, DIM A(5,4) creates an array whose rows are 1 to 5 and columns
1 to 4.
This statement is needed in every subroutine as well.

COM Nogo,Zo,F,Count,SHORT Dat(101,9)
Here common storage space is set up for these variables so that all sub-
routines can use them, and they remain assigned even when the user RUNs

his program again (unless they are explicitly re-assigned).

Nogo - flag for inability to get some requested parameters (see Mtrans)

Zo - reference impedance for [S] parameters; set = 50

F - frequency; the user must call his frequencies with the name F for the
subroutines to work

Count - number of rows of Dat(101,9) containing stored frequency data;

set = 0
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SHORT Dat(101,9) - This is the data base holding up to 100 frequencies
and 8 parameter values (real, imaginary) for each. Dat(101,1) holds
the type of parameters. SHORT precision allows 6 significant digits
to be stored with an exponent between ~63 and +63. Dat(*) remains
assigned in memory until SCRATCH C is executed which initializes it
to O.

DIM A(5,4),B(5,4),C(5,4),...H(5,4)

This sets up 8 matrices to hold parameters for different circuit elements.

The size must be 5 x 4 because element (5,1) is needed to hold the type

of parameters, and the 4 x 4 square is a partitioned 2 x 2 of complex

parameters (see Complex Number Manipulations). Note that the computer

distinguishes between F (frequency) and F(5,4) (a matrix named F).

Calculations and Logic in the Subroutines

SUB Rlc (X(*),Type$,R,L,C,Place$)

Series Type Parallel Type

1 2 1 1/Y

Placed in Series [A] = o 1 [A] = Lo 1
(1 0 1 0o

Placed in Parallel [A] = 1z 1 [A]l = LX 1

Z = R+j(wl-1/wc) Y = 1/R+j (@C-1/wL)
At D-c (0 Hz) the subroutine changes F to 10-20 GHz to avoid an open
circuit capacitor or shorted inductor. At a frequency where L and C are exactly
resonant and R = 0, the logic adds 10.10 ohms of resistance to a series L. — C in

parallel and 10—10 ohms of conductance to a parallel L - C placed in series. A

value of zero passed to the subroutine causes it to omit the corresponding
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term in the calculation of Z or Y.
SUB Trline(X(*),Zg,Length,K)

Normalized to a system of Zg ohms, -jwT
o e

[s] = e—ij o
To obtain the parameters in a Z_ system, the subroutine "de-normalizes" using
Zg like so:

vl = (- esi (e + 1s1) 7t arzy
Before taking the inverse though, Trline checks for the DET = 0 indicating a
line of length some multiple of A/2. 1In that case 10-10 loss is assumed in
both s12 and 551 before de-normalizing the parameters. This effectively adds
a "pad" that attenuates the wave by (1—10_10) without affecting Zg or the

phase length of the line.

SUB Lossyline(X(*),Zgo,Length,K,Ac,Ad,Fo)

First the conversion is made from dB's/inch to nepers/inch by the
equality In 10 nepers = 20 dB. Then an analysis of John Granlund (Memorandum
of 7/31/79 titled "Lossy Transmission Lines") is used to determine the distri-
buted impedance of the conductor and admittance of the dielectric. The formulas
I have used represent a theoretical analysis based on good conductors and dielec-

trics at microwave frequencies. The distributed values John obtained are:

L - K = . I3
Zg01/_75 (c = speed of light in free space)
¢ = fKlez_|

R = F/Fo 2Ac (Ac +1/2Ac + w,LC) /woC

(/5 (28 -\/Adf + uy” LC ) /ugL

(p}
I
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From these the series impedance per length in the conductor and the shunt

conductance per length in the dielectric are:

z = R + j(wL + R)

y = G + j(uC)
The complex characteristic impedance of the line and the propagation constant
are directly related to z and y by:
zg= zly Y=‘JZ—Y|
The angle of y is taken between 0 and 90° (not including 0); the angle of Z
between -45° and 45°. At this point all that is left to calculate are the

S-parameters which are the same as in the lossless case except that y<Length

replaces wt in the exponential, and the denormalization impedance is complex.

SUB Source(X(*),Control$,Source$,Gain,R1,R2,Delay)

V Source C Source

(R, 0] [ R, 0
V Controlled [Z] = [z] =

- -’ e

(R, O B ™ R, O
C Controlled [Z] = [z] =

-r, R, L-aRZ R,

. -

A non-zero value of Delay changes the Gain term (221) into a complex

-j2nFT

number with a phase factor of e , where T is the Delay. 1If either R, or

1

R2 are zero, the subroutine changes them to 10-10 ohms to keep [Z] well-behaved.

SUB Pread (X(*))

Any parabolic function can be uniquely specified by 3 constants whose
geometric interpretations are the X, y coordinates of the focus and distance to
the line by which the parabola is defined. Algebraically, these are represented

as a, b, ¢ in 2
p=a+bf + cf
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where "p" is the real or imaginary part of some parameter, and f is the
frequency.

If we know the parameters for each of 3 different frequencies, we have a full-

rank matrix in the following:

—~ zﬁ ) — L
1 fl fl a Py
2
1 5 X|v | = |
2
._.1 f3 f3 _J ..C_J ‘-p3-‘

The constants a, b, ¢ are found from the matrix solution of these equations.
Whenever possible, the subroutine uses 2 frequencies below F and one above for

the interpolation.

SUB Flip(X(*))
The standard conventions for current and voltage are pictured along with

the required matrix operations to exchange ports 1 and 2 for the various

parameter sets:

I I
Bl [V 1 a
[ABCD] Parameters 2 1 T v
Do [7L, vy 2
(1 o
[Aly; = [o 1:] [A]12 [ -]
! 2 a =1 =
[T] Parameters = [T]l2 1 < b
bl a b]_ — i_:* 2
-1
_fo 1 o 1
[Tl,y [1 o] [Tly, [1 o:]

by !
[S] Parameters = [3]12
b
2 a,
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’il v,
[Y] Parameters = [Y]lZ

T2 )

—

Vl Il
[Z] Parameters = [Z]

v 12 I

L2 2

SUB Branch(X(*),Type$)

Since the open-circuit [Z] parameters are used to define the branch
element's input impedance, this subroutine must deal with the possibility of
an unbounded [Z] matrix. When this happens, the parallel branch becomes a

10

null element, but the logic assigns le = 10 for the series branch.

Similarly, for a parallel branch whose le is exactly 0, the subroutine uses
1010 for its input admittance. The [A] matrix is then assigned as it would
be for an R-L-C of known series impedance or shunt admittance. Note that

port 2 is left open and is then "inaccessible". If a shorted stub is desired,

then it should be cascaded on before the element is made into a branch.

SUB Cas(X(*),A(*))

The subroutine chooses the "closer" of [A] or [T] parameters to use in
the cascading process and then multiplies the matrices for each element. If
the transmission parameters don't exist (i.e. - «), then there is essentially
no "front-talk" occurring. The circuit has effectively been broken. When
this happens, the subprogram temporarily goes to [S] parameters and assigns
Sy1 10—10 to allow some front talk. A message is printed, telling the user

that this has been done (meaning that an exact analysis at that F would have

2 separate circuits), and the cascading is then performed with the now finite
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transmission parameters. (If for some fantastic reason the [S] parameters
don't exist either, a message is printed that the analysis will be faulty

at that frequency.)

SUB Par (X(*),A(*))

The new matrix is placed in X(*) and is simply the sum of the [Y]
matrices for each element. 1If the subroutine is somehow asked to parallel
an element with infinite (non-attainable) (Y] parameters, then the matrix
that is placed in X(*) is the matrix for that element, in some other para-
meters. Thus, X(*) is unchanged by the Parallel subroutine if it has in-

finite [Y] parameters (whether or not A(*)'s [Y] parameters are finite).

SUB Ser(X(*),A(*))

The new matrix placed in X(*) is the sum of the [Z] matrices for each
element. The logic for dealing with infinite [Z] parameters is identical for
the Par subroutine -- X(*) gets the matrix (in other than [Z] form) for the

infinite [Z] element.

SUB Prt(X(*),Pset)

X(*) is the 5 x 4 matrix of any type of parameter for some composite
2-port of interest. When Prt is called, it changes the parameters to type
Pset and then supplies a formatted output to the standard printer in magnitude
and phase (see Complex Number Manipulations). Since the CALL is placed within
the user's frequency loop, the parameters are looked at sequentially and so it
is here that FARANT chooses to store the information. By incrementing the
Count variable each time it is called, Prt writes the parameters into the
common data base Dat(101,9). From there the data can be handled efficiently

by other subroutines (see Dtrans,Splot). The heading is only printed before
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the first frequency (when Count = 1) and this signals the over-writing of the
data base as well.

If the requested parameters cannot be obtained at some frequency, then
this is printed instead of the parameters, and the data-base gets zeroes for
each parameter at that F. The data is, unfortunately, lost at that frequency.

The formatting was designed to accomodate a large variety of circuits,

but in some cases (e.g., for a capacitive input near D-C) the values are

le
just too large to fit. Instead of truncating them, however, the 9845 will
print them in full glory on a separate line. This destroys the appearance of
the format, but does display all the information.
The K factor is calculated in [Y] parameters by the formula:
K=2Re (Y JRe [y, ]~ Re[¥},7y; ]

|Y12Y21|

SUB Dtrans(Pset)

Because Dat(101,9) is stored in SHORT precision (6 significant digits),
some variation in the rightmost digits can be expected if Dtrans is called
several times in succession, each time changing the parameter type. The K

factor seems to be noticeably affected at times by this loss of precision.

SUB Smith (Xmin,Xmax,Ymin,Ymax)
The circles of constant r and arcs of constant x are plotted incremen-

tally along their length. The geometry is described below:
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(r+3jO) -1 _
d=(r+3j0) +1"

r(r)

x=0

constant x

r
Thus, the center is Cl[}+1'é]

1
and the radius is pors

constant r

From the dotted line construction, it is clear that the center is at

Cz(l,tan_'1 g) where 6 runs from -180° to +180° for the sign to be correct.
The radius (height above horizontal line) is t:an_l %u
simply (180° - 8). For +x values ¢ is from (90° + 6) to 270°; for -x

The angular range is

values 90° to (270° - ©).

The size of the chart is determined from the Xmin, Xmax, Ymin, Ymax
parameters. The graphics ROM will automatically fit the largest plotting
area with those limits into its (rectangular) plotting screen, keeping
the horizontal and vertical scale factors the same. Thus, -4, 2, -1, 1

will result in a plotting area as shown:
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1 2
Available
Plotting q 0
Area
1-2
L [ { '} 1
=4 -2 0 2

Values -1, 1, -1, 1 produce the largest full chart. Each call of Smith erases
all previous graphics and puts the computer in graphics mode to show the sub-

sequent plotting.

SUB Splot(I,J)

All S parameters can be represented in real,imaginary form as a + jb.
Because the Smith Chart can be viewed as Real(?) on the horizontal and
Imaginary(f} on the vertical axis, it is convenient to plot all S parameters
as if they were reflection coefficients.

Plotting takes place from the internal data-base Dat(101,9) which holds
frequency and the four parameters in real,imaginary form for up to 100 frequen-
cies. Splot will automatically change the data-base to S parameters if it is
not in that form already.

A useful feature of plotting this way is that the data-base is retained
as long as the computer remains on, provided SCRATCH A and SCRATCH C are not

executed. Thus one can do a separate run to plot each of the four S parameters

without ever recalculating them.
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D RPicriiiss, Tupz¥,B, L, Placesn THEHEEEEHAHEH
JFTIOH EBASE
C0M Hago, Z
LI ROz, 20 'TG HOLD THE IMMITARHCE OF THE R-L-C
'HT -".—'_EF'
Pl 10 ER(Z2, 20N E,30=KC4,4=0(5,10=1
IF Types="F" THEH 2175
H{l,12=RA{2,20=K IGET 2 OF SERIES RLC
He1,23=0#FT*F#L
IF C=9 THEH 2155 IMEAHS WO CAPACITOR IH THE “RLC" ELEMENT
IF F=B THEHW F=1@~¢(-208> IAPROX D-C
Frl,2=RA0 1,27 -10°3/(D4F15F*C)
He 2, 12=-R{1,2.
IF "Flace#="F") HHD (DET.LAR.=8> THEH A l,13=AC2,20=168-(-18) 'SHMALL LOZS
IF Flaczg="F" THEH MAT A=IHVY(AD
COTO 2226
FEM Tveped IS "P" SO CALCULRTE Y
IF FP<- THEH RC1, 1‘-Q(g,2“‘1/R
Frl,2=-+P1#F%C. 1@
If L= THEH ZzeS INO INDUCTOR
IF F=0 THEH F=18& (-286)
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I Fel Jv=fn 1 2e-1s (25FI#F =L s
lins Felyle=—Acl, 2.

e IF fFlace$="S") AHD (DET<F>=@> THEH AC1,1Y=AC2,23=16-(-16>

Iy iF Flaces$="5" THEH MAT R=IHV{RD

2220 T=1+iFlace$="P")%2

2225 1=3-Flace$="P"1sZ

Z2IO VT, Ja=H I+, J410=AC1, 1) IFUTS THE COMPFLEX IMMITANCE INTO [%3,
2235 ST J+10=AC1,2)

TIiR Z0I+1,J3=-ACL,2) IMHICH IS NOW [RBCD]

2245 SUEBEND

SUE Trlinsdsdisar,Za,length, K3 22232232822
DFETIOH EBASE 1

T Hogo,Zo,F

DI Gid,40,H3,4>

r']HT ’-'.'.Ei'

=4 '£S]1 PARBMETERS

”FI FxlLength=ZQR(K2<11.28285%4 'PHARSE LEHNGTH OF LIHE

3 (2 4I=KHIG,10=K04,29=C08Fh?>

..-.2‘=‘“!Nth

'[2) HR% PRQFER REFEREMCE-Z

-
X
m
DO |
oo
Lanl
m
e
—
—

Pt D03 F B Pt T P X P B B fa P PR g

=G THEH Go1,33=502,42=0/2,13=G(4,20=1-18~0(-108>
FEMALL LOSS TO RVOID IWFTHITE [v)]
DTTL ONET GEINMO I ICHAMGE [SY TO [¥1 USIHG Zq
a0 P
2245 K
ATy . PLYY I2 oM [%]
2X%% SUEREHND

e LUP TEoscxy Turnsl, Turnzso THERRETHRAN RS
zh IF TURHS RATIC 18 HWEG, I AHWD + ARE FLIPFED AT FORT <
wﬁT H=ZER

Tl le=Ee2 2rETurnsl A Turns g

(AR O O}

K Ltg.ﬁ--“'q 43=Turnz2. Turnszli
z i SLoia=1 '[RECL]Y FOR THE TEARHSFORMER

e N S N R

Lramch i+ Tupetl THHERR SRR EH
Cooed ERSE 1 0A3cS,4* HOLDS EBRANCH ELEMENT

0L Mogo

v DIM Re 2,28, EBrvS,42

S MAT EBrsE 1Cary [M) BEFORE RE-DEFIHING

Zsaa MAT C=ZER

ST Tl 1= 2 2a=NOE, B4, 40 =K00, 10=1

NN NN

TUUVOOTHLL MivarziBross, 2o {[Er] 15 CHANGED TO [2]

S 3 I7 Moao OF cEral,13%Er1,25=8% AND (Tupe$="P"> THEM 2510

Za-0 rZ FPANCHES TO Do A SERIES OF FPAFRALLEL OFEN CKT, OFR SHORTED SHUNT HOTE?
S3ix TR SERITES ERANCH IS OK AHD HEEDS HO RCTION

R 1Ir 7 peg="pP" THEH Z47@a

240 Ll Eu=NC2,42=Br(1,10 'PUT 211 FOR THE SERIES BRAHCH IMWTC [+3
A V1, 40=EBril 2

Jdow Tz2.3!=—ﬁf1,4ﬁ '[%] I35 n0W [ABCD] FOR THE SEFIES ERANIH
4 SURERTT

I-TC 3 1.l =Re 2 DmEral, 1 PIRYERT 211 TG FUT INTO [¥]
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'[X¥]1 I% HOW [AERCD] FOGR THE FPARRLLEL ERAHCH

=02, 43=168-18 ITAKES CAFRE OF INFIHMITE-Z SER EBR

FEN IMFIMITE-Z FAF ERAHCH HEEDS HO CORRECTION TO [X] AS IT 13

IF Mogo=8 THEH &
SUEEKRD

LSRR

iF HnQﬂ=U THEH :EﬂS

FFINT "CIRCUIT EROKE RT":iF:
CRLL Mtranscdi=r, 4;

IF kogn THEH PRINT
IF Hcge THEN SUEREXIT
Mid, 21=135(-180

RIS
‘.1 W] TU r-_'
IF FiS.1%.

IF Keogo=8 THEH 2e35

FREIWT "SOME FROMT-THLE
CHLL MtranmsdAu*s, 940
IF Hogo THEH PREIMT
IF Hogo THEH SUERERIT
O3 1v=E04, 20180

GDTU 2595

MAT le=n
MAT Ha=H

FEDIFM ®xid,42,PAaid,4>

MAT “=H»*Aa
PEDIM H(S,4)
Tyt a=FPzet

FJF E=1 70 3 P
FOR C=1 TO = 2

R S N S T S B 1 L ey

'Ti'. copy [H1 AWD [RI IH

- &K=

*ze1 THEHN

HOT IMTREOQDUCE FREOHMT-TH
'ELEMEHT [A] HOT CRSC

T,10=H04,20=16~10 'TAKE: CHRRE OF SHORTED FAR ERANCH

Haddduedahis

CASE BEOTH HARE OHE
CHOOSE CLOSER OF AECD OFR LT] PARAMETERS

':-.lvl FPzetd

"GHz{ SMALL FROWMT-TALE I ASSUMED

"GO TO THE LIKELY [%1]

BHOT INTRGOUCE FRONT-THLA; AHACYSIS FRocdy”
'CANT CASCADE AHY MORE TO [H]

TSMALL FROMT-TALK

CALL Mrrans{AC*) , Fzet2

ASSUMED TO CASCHROE AN ELEMENT AT" ;F;"GHZ"

ICASCADE [AJ OHTO THE RIGHT OF [X1

'FIHAL ELEMEWT IS5 C[AEZD] OR [T
TAYG DIAGS FORE ACCURACY

HOR+1, 0413002

CRLCA1Y=(NCR, CH1a-HCR+1,C0 -2

HOR+1,Cr=-H R, C+1 0

NEXT C
NHEST K
SUREMD

SUE Far(fos),AC%1)
LaM Hogo

JALL Mtranz(uH(%3,37
IF bkoas THEH SUREZIT
CHLL NMiranzACHEN, S

If oga THEH F¢1lex
T #=Y4R

THEdAHURRAHES
'TRY T GET [Y3 FOR THE HETHUORK
ICAH’T PARAL_EL TO AW IWNFIMITE-% HETWORE

'fR]) IS ADDED TOU [X] AHD IS UNMCHAHNGED

'HETWORE 15 HOW THE INFINITE-Y ELEMEHT (A1
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LAREL R$¥

MOVE 1,08

FOR L=0 TO 2*FI STEP PI-/INT.88-7(R+4))
FLOT Cen+Radi*=C0OSCLY,Fadi*=SINHILD

2T 00 SdE Serwsnir s HYE THELGHEHAHA U
ZTe's LIM Hogo
772 CALL Mrransoliix, 20 ITRY TO GET [Z] FOR THE HETHWORE
=v "3 1F Hogo THEW SUBEXIT 'CAN-T SERIES TO AN INFINITE-Z HETWORE
(G CALL MtranzcAOx2,2)
2755 1F Hogo THEH Failexit
2V 0 MAT #=k+A '[A] IS RDDED TO [X1 AND IS UHCHAHGEL
2795 WiS,10=2
szao LUBEXIT
goa™ Failexit: MRAT X=A 'HETWORK IS HOW THE INFINITE-Z ELEMENT [AJ
2818 SUEBEND
= SUR Smithilmin, dmax, Yuin, Ynax RS2 32228 E 22 L]
2329 CCLEAR
ped : GRAFHICS
2 FRERME
2535 SHOW ¥ein, ¥max,Vmin,Ymax
2246 Fap I=1 TO ¢
=3 RERD K,E# THORMALIZED RESISTANCE TCO EE PLUOTTEL
258 Fadi=1-CR+12 IRADILE QF CIRCLE
= Cen=R*Radi tX-COORDINANT OF CENTER
2 IF F>2 THEN 2375
2 MOVE Cen-Rkadi+,015,.615

RELES NEXT L
LY HE“T 1
¥3GC DATA O,8,.2,.2,.5,.5,1,1,2,2,5,5,10,10 IYALUES AND NAMES CF F
2585 FGR I=1 TO 6 'HORMALIZED REACTANCES TGO PLOT
za FEAD Tk, x¢ ITheta IS <(GAMMA} AT R=0, %$ IS REACTANCE
o FGR T=1 T -1 STEF -2 'FLOT FOS & NEG REACTAMCE
2z MOYE COSCTRY+,082-CTh3FI-2%#.12, J#5IMCTh)+J%.@4 (LABELING
z IF J<& THEN LAREL “-";

v

LAEEL X3
Fadi=THANCTh- 27
MOYE COSCThi, J¥SIHCTHY
S=(2-JoxP1l-2 VUSED IH DEFINING REC LIMITS TO FPLOT
FOR L=J#Th+S TO 2#FI-5 STEPF J=#(FI-Th ~INT/16-1-Thx
FLOT 1+Fadi=COSCLY ,FadisCcI--SIHCLDY )

OO

AT

LOUEE oS IS R P, PRI B IO B SRS SO Y I

DR N D DG S e

[SOU COUNS CACR UV CRONY CWTIN DS O COUR OV ()

= HE>T L

B HE=T J

= DEST I

2ATE PLur -1,40 'HﬂRI:DMTRL LINE

S#2B DRTR Z.V47,.2,2.214,.5,1.571,1,.927,2,.395,5,.199,18 ! Th,"=" YALUES
2925 SUEEND

FaTE SUE Frtdii#),Fsetl i ddddnaneg
2T05 JFTIOn EHSE 1

Icaa COm Hogo,Z2o0,F,Count , SHORT Dat (%>

TS DUM kpho B, 40, AC2, 2, BOZ,20,002,2) 1LKphl TO HOLD [X) IN ¢AG,FHASE FORM
Tad Lount=Count vl 'TO STORE HEXT FREG IN LATR EBRZE

21% I CTount ™1 THEH 20ES MO HERDIHNG

B
!

1F P=et=1 THEH F&="RECD"
[21

H02S IF Fsetv=2 THEH Pg=" [23"

L0 IF Psev=2 THEH Fg=" [Y1"

<235 IF Fzet=4 THEH Pg=" [S1"

ETeE Ry IF Pset=5 THEN F$=" [T3"

woas PEINT USING =855;F#

SaSG PRINT USING 3060

ot 3 IMAGE ~ /1SXSA"_FPAFAMETERS IN MAGHITUDE AND PHASE"//16X"11"1SX"12"15%"2

1 14 ":-.'-_":'._“:""f. "
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'er IMARGSE WU FREQUSUHMHMAG " IX"ANL - 2T " MAG "4 "ANG" h ey " MAG " 411" 81T
o l-lq T"

?Pi? IF “v3,1385Pset THEH CRLL Mtranz(X{(£3,Ps2t)

307 IF Nngu THEH Failexit

3075 DariCount,1x=F ILOAD 1 FREG IMTD DATA BASE

2950 FOR ©=2 TO 2

=

Lat Dount (Co=A01+#(CrSI$2,0-1-CC3Sr>40
HEAT ©
Datsi@l,13=Fzet ITYFE OF FARAMS BEIHG LODADED In DATA EBASE
FOF R=1 TO 3 STEFP 2
FOP ©=1 Td 3 STEF 2
MphiR=(R=31, CI=SARCACR, £ 24 (R, O+ 1,020
THEN MphiR—(R= :J,L)=NphiZ—(R=3},C?*IB“3 1LY] PRINTED IH mMdOS

F

3
3
=3
-
5}
N

Crex iR, C+10=9 THEH MphiR-‘R=33CH+1=S(SGHORNIR, Lo+ SGHY W R, Dau—1 2+
. ; 3
129 IF Cresif, T+104 38 THEH MphiR-‘R=33, C+10=120ATH N YR, I+10 - R 00 -F 1=
EZGHtEQP.E)?—1-~ oH L R D+ 0 ®30
T HEUT ©©
ES L HEXT kR
ERA IS I S T ERNE IR 'GET [%1 FOF CALC 0OF K FRCTOR
14T FoGR I=
3158 FaR I=
2153 AT I, J0 A N B b=
ER RSy BEulgTa=lI+2, T
2129 HELT ¥
21,73 MEAT I
217S MAT C=A+E
i NS B AR FEE A B BCE P 1l L2 sSORCDET
2135 Ifr v"Pset=22 OR (F 3» THEM 3218
2133 IF Pzet=1 THEH 3'
2105 FRINT USIHG 32 FyMphosa K
5] IMAGE Z2D.32D,4 J2USD.D,5D.405,5D.D0,40D.40,50.0,4D.2D
S SUBESIT

-
DU

PRINT USIMG I21S5F, nthﬁw [
IMAGE zD.32D, rn._ﬁ._n L,2¢7¥D.2D,5D.D»,60.2D0,50.D,45.2D
SUBENIT
Mphi2, 10=Mph:
FRINT USIHG 2
IMAGE 32D.3D,4D
SHUEERIT
Failexit: FRIHT USING 22S5a;F.F¥
IMAGE ZD.3D,2385A" FHFHNET BS CAWHGT EBE CALCULATED AT THIS FREQULEHCTYT®
FOR I=2 TD 2
Dat {Count,Ix=8 'DATA LIDST AT THIS FREQ
HEXT 1
SUBEND

L

[ OO
SO N}
[ U]

1341803 ICOMDUCTANCE FRIMTED IM mMHOS
353F, Mphiss K
.40,5D.0,2¢5D.30,5D.D7,40.4D0,5D.5,4D.2D

P4
2
<=

SUE Splotd I, T3 K323 23313
)| Huqu._u,F Count (SHORET Dat x>
IF Datvdiwi, 1274 THEW CALL Dtranz(4)
i=2+iI31)*4+£J>1\*2 'COL 0OF DATA BRSE WITH RERL PART OF 3<{1,J)
MOVE Datdl,Cc),Datvl,C+1)
FOR R=1 TO 1898 'ENTIRE DATA BARSE
IF {R™>13 AHD v Dat 893 THEMN SUEBEXIT 1END OF STORED PARARMS
FLOT Dat<(R,C»,Dat » 'DATA BASE PLOTED AS IS: REAL,IMALG FORM
HERT R
SUEEHD

TR,13=
TR,C+1:
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ITO3UD Flipe misd ‘hEdNEREREYEE
T 3 T1uw BRAE L

BOYEERENEIDL B 3-:-,.-';'1-.F

XS ir I I P P I

W
-0 9
LU

[~
— hu

‘Fzet 1% AND (Pzet<5> THEN 2435 ID0 DIAGONAL FLIPPING
IF DETC(H<>@ THEM 3390
FEDIM (5,4
CALL Mtransi®cs), 43 {TRY FOR [S]
IF Hogo=8 THEN 3430
PRINT "FORTS CAWNMOT EE INTERCHAMWGED IN";F=zt;"OR [531 AT":F;"GHz"
SURERTT

‘D0 DIAG FLIPPING

1%¢5,1) RETRIHS ORIG VALUE

(X))

Gl1,30 Za#r=G7Z,13=504,22=1 ID1AS FLIFPPIHWG FOR [Z3 (V] & [3]
HRT P

MAT *
SELDIN HiS, 40
SUBENHD

355 SUE NitransdFPset ) (K23 333333353
COUVMERTS EMTIRE DRTA BASE To FPset WHILE PRIMTIHG HWEM FARAMS

Z3cS JRTION BARSE 1

478 COM Hogo,Zo,FyCount , SHORT Dat (%3

247 DIM HiS, 40 'TEMF HOLIER

4TS D nunt =R ITO SIMULATE AH ANALYSIZS RUN GF THE CRT
L% Jldpzet=Dat (181,13 ICURREHT PHRAM TYFPE

—
t T |§| -
Tz oD@

33 FOF I=1 Ta

4 =E IF 711 I «DatdI,153=8% THEH SUEBE=IT 'EMD OF STOREL DHRTH

TG r2k F=1 TO 2 3TEF = VLORD [] WITH | FRER OF [Datl

A5 FOF =1 TO 3 STEFRP 2

R LN S E SN T S B S (1 A0 QRS g ~Beh UKL X EUE W BN P

i fF SH10=Dat I, 2+ R4+ 020

R LR+l Co==¥iR, 041D

) hE R

J0Ta HEXT E

S5 s TS 1o=00gdpset

Z24a F=lat i, 10

SEAG CHLL Frroisisi,Fzet TPRINTS AMD STORES HMEW FARAMES CIF EXHIST:

2530 hesT 1

2T5S SULEHD

TS5 5UY LozsulinedMuEd , Foo,Length.E,Ac,Ad,Fad LR 2.3 3332 2:3.3:3:3 3
T RBE GHME THCHES,, FELATIVE EPSILON, aR-IH,dB-1IH,GHz

2ot DFTIOH EARSE L

2T oo S0 Hego,Zlo,F

DTTTODIM Tor 2.2, Gannat 2,80, Zpli2, 2 Ypli2, 2,504 fHC4, 45

5 0 n =ZEF

7% qr==ze 115172 TCONYERTS TU HEFERE-ZIM EBY 1nl@ HEFERS=Z0dE

Tl S SN AR B = St THOUGCTARHCE PER THCH <nH:»
ICAPRCITANCE."IH <nFa

o LA ZaHCE  ACHSIP  ZERC 4N 24l o 00D - (HO¥C ) COFFEF FRESIST-IH
e i = =TI S B R

c e Z=l#D s b asL-Fol 'DIELECTRIC COHDUC "IN
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Tl Syl =ZpY a2, 2esR

FelE CEV i, ZrssrFI+FrL+F

IR Ipie 2, 1a=-Cplit, 2o

ECa Tplel 1. =YRla2, 2=

G Ypiel, s =IsPI-FrL

Ina4S TRpITLZ, 1a==Yp1i1,27

DI MET Gamma=ZIplxipd VIS GAMMA SCOUARED

E1=1 Mag=SQR(SORCDET " Gamm=ar 3

265 ph=HTN(Eammaf1,2J'Gammafl,lﬁﬁfz

T IF Fh =8 THEWN Ph=Fh+FPI~2 'TO GET B<AMNGLECGammari=Fl-se
7 H]ph'“ﬂ;Q*CUS(Ph,

Beta=Nag=SIHFR?

MAT Ypl=IsWiypln

HAT Zg=Zpl#*ipl 175 GUIDE-IMPZDANCE SQUARED
Mzg=SaF  SORCDET ZQa )
F=ATHIZg 1, 2078901, 139-2 1 —-PI<4Ph<PI1-4
Zavl,1v=Mag*CaAS(Fh?
Zatl, 2 =MagsSIHFRD

N 1‘;:1 LRI e Tl D

foog
M

WE, 1=, 2=/ phasl0s Bt a¥*Length?
,‘ﬁ—-Hlpha*CIN&E&ta*Length-
D TS B E S B A

AR B w R ) DTN TR AR I

LX) IS

[ F
nid ar 'EEGIN CHANGE

IF DET<H <3 THel Z7re
PRINKT “LINE HAZT MEGLIGIELE LO2S AWHD HALF-WAYELEHGTH:; [%31 HAT MWROHG Zref"
REDIM 05,40
SUEENIT

SorJAT H=IHVCHS

SOHAT G=G+i

MAT =G#*H

.'1 AT G=%

AT H=ZER

Hit, ta=HOZ, 20=H(

Hot,20 2

Huzot:

MAT *=0G*H PDEHORMALIZES FROW Z2g

REDINM %5, 40

HlDy1=2 PLZ2) FAFAMS FOR THE LOSESY LINE

SUEEHND

[ ]

Cor Do DX el 0 0 0 e Gl Y e Nl g 1 el g 0 ra el

D) I

'3:.=Hli,4, 1= g'l 1

.,.

Dl
=y
X3

NN o

ZINTE S.E Freadinisal I hEAAnRGEHERE

l'ﬁf A WITH (INTERFOLATEL. PAEAMS FREOGM TYFED-INW DATH

DR E, 3, VO Buf C8Y PLT, 8
<

, '[Euf] hOLDE FARAMS AT 1 FRED;
TRADDLING FREGZ, F FOE

LF1 HOLD= FA IN UFPEF SEG IF
PeAl Pzev, H
MAT FRERD FvHa VREDINES LFY TO US5ERS N FREDS
IF M2 THEN 3%

IF H=2 THEH 3&
MAT FEARD F(1,
CLzUE Coanvert V'CHAHGE FROM MAG,FPH TO FEAL, TMAS
MAT Buf=P 'FPARAMETERS TARAEKEH RS COMET IF GIVEH 1 FREC
COTO Loadpars

3T FEARD FIZ,30

GUITUE Corgert

FLYLIM Coaef 22 MI2,20,¥72) in0 A LIMEAR INTERP MITH 2 FREGS

N e
=3
[
-
—
It
=
ny
-
fa
-

LY LN (I

o
[ ke o ™
[y
- =
‘-
’
I,
[}
|
[
-

S

HART H=I1HY LM
FOF C=1 Td &

S Y )

L

)

(R
LN
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SRzl Wil c=FPau 1,00 IVECTOR CF PRARAMS (RERAL OR IMAS, AT =z FRENS
I03s WO2i=P(2,0)
340 MAT Coef=H=xV
3945 Buf (Cir=Coef(15+Coet (21+F
33549 HEXT C
3353 G4TO Loadpars
2258 FOR I=1 TO H IPEGIN GEM SERRCH FOR 3 FREQS AROUND F
53R IF FLIY=F THEH Usz=zdata 'HAYE DATA RT EXACT FREQ; MEED MO INTERP
397 IF FLUs*F THEH 2388
337 HEXT 1
2333 SkipsSHINCI-3,N-32 I$FREAS HOT USED FOR THIS INTerP
2325 Tkip=MAMISkip,.8)

FOR I=1 TO Skip=*3

SEAD Waste | IGNORE UMMWAMTED FRE® DATA

HEZT 1
REARD P(*)
COSUE Conuert

DN ISR I (IR | B

[}
D PR T B S e ER LY L B | S PO % TR TP (N ONB o  \oCNE W RN Y Y W ]

MCl,12=MCZ, 12=M{3,12=1 'BEGIN SOL-"N FOR FPRRABOLIC IMTERPOLATION
FoOr I=1 T =
a ML, 23=F{Sk1p+I IMATRIX OF 1,F,F~2 FOR 3 FREDRS
MCT,,32=MCT, 2002

o

HEXT I
MAT M=IHY (M2 IMILL EXIST IF FREQS
FOR C=1 T 8 {4 MAGS AHD PHRZSES TO
WOlx=P{1,00

DA BTN SR SO IR | R e O VORI B VIO B TR

RRE DIFF
INTERPOLRTE

T
Vo e
a
S

f o R o o T S O N L i ol oD i i R S R SRR PN

S WO2asP{2,0C0

e W{3a=PC3, 00

HE S MAT Cosf=Mxy la,b,c IN a+bF+cF~2

gra BufiC)=Cost (1 2+Coef 2rsF+0ocfi23%F~2 {THE PREDICTED “RALUE AT LESIRED F
Aa7s HEST C

038 G470 Loadpars

055 UsedatalFOR J=1 TO (I-13#2

=hels) FERD HWaste

a3s HEST I

13 READ Butd#x

142 Loadparsi!E2(5,1)=P=set {REGIN TU LORD (X1

ilg For I=1 TO 2 STEFP 2 4 PARAMETERS TO LURD INTQ [H]

115 FOR J=1 TO 2 STEP 2

124 C=J+(I=32%4 VCOL OF BUFFER WITH ®<I,J» (REAL PRRETX
4125 WL, Ta=H{I+1,J+1=ButrcC?
31za HBCI g T+13=BufdC+12
31325 HeI+1, Ja==¥CIl, T+12
4144 HE=T 1
3145 HE=T 1

4158 SUBERIT
3135 Canuert: FOR R

e=1 TO FROMCP) VCHAMGES ALL ROWS OF [P1 FROM MAG,PH TO REAL,INM
41463 Foap C=1 TO 7 =TERP 2

31=5 Mag=F{R,C%
417a Fh=P(&,C+12*F1-120
4175 PiR,C3=Mag=CO5<Phl
4izg P(R,C+12=Mag*SINCPh}
25 NEXT
=15 HEXT R

el
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3
4
3
4
3
4
4
4
3
3
4
3

3D

=
S

RETURN
PUT HERE:DATA Pset,#Fregs,Fl...FN C(IHNCREASIHG FRE®S ONLY!X

4
Iy
1
a
-
=
=
=
-
=
-
=
]
<

a5 DATA IN Mag,Phase(IM DEGREES:» FOR ERACH FARAMETER 11,12,21,22 AT EACH FPRER
14
15
=4

lu T

!
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!
!
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!
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