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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:
12

Ohms p Seconds (10 %)
m Mhos (107 °) 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]
[yl
[s]

2 (impedance matrix)

3 (admittance matrix)

4 (scattering matrix)
[T] =5 (transmission matrix)
Multi-character vafiables 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=25 - 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 Rlec (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 "p" in "g"
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Lossless Transmission Lines (TEM):

CALL Trline(X(*),Zg,Length,K)
Zg is the (real) characteristic impedance of the lossless line (L .
v C
Length is in inches, the physical dimension.

K is the relative dielectric constant~-g§ﬁ— for permeable dielectrics.

—f >—
___6 )___

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)



%ﬁ%ﬁg% is the actual turns ratio and can be negative to reverse the

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

sense of I and V for a positive turns ratio:

. >~
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'
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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, o, 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
AMA

- -juTt

VlT Rl Wy e jwTt VlT Rl ngle R2
_F 1

"C" controlled "V" "C" controlled "C"

R

I1 P Il s -juTt
~-jwt R al.e R
R1 4- rmIle 1 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, Fl’ F2, F Fn (n £ 50),

3 e

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 parallel branch.
NOTE: Port 1 of X(*) is used to connect the branch to the 2-port, and

port 2 is left open and inaccessible.



"S"eries Branch "P"arallel Branch
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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]

(N J
e

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).

—<m—§_

[Y]

The Par Connection

[z]

The Ser Connection

1

[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 0 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 (Sij) that
the user wants to plot. (He can find these from the values in the

printout at 180°, 0°, -90°, 90°, respectively.) For S 822, the

11 or



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:
Rlc (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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Example: Lumped Model of an FET

d a LGAD "FARANT", and put the HF?

I navs exscute
AT 100
1C00 F2R F=a T 24
112 CALL RIc(AC=Y,"S",0, S."FEYD
1232 CALL SourcedBix),"¥Y","C",46,1E20,408,472
123 ZALL R1c{C(*3,"3",8,8,.3,"P">
134¢  CALL Cas{R.*¥),EBi%#))
1343 CALL Cazd(A{#>»,C{%))
126 CAlLL RlIcCD(%),"S",0,8,.82,"S")>
ive CTHRLL PardACxE>,Dl*an
192 CRLL RICCEZ=D,"S",V.8,.5,8,"3">
130 CFLL F\:aFt*-_"*" 1.2,.985,6,"P")
286 CAL 2 EY B 2,.5,84"5" )
219 CALL g==-E-*) AC*XD
226 CALL Casd{EC*>,G(*))
2 CcaLL Frt\Ea*),4b IREQUESTIHG
= MesT F 'eHD OF THE
Iy CaLLl Smith(-4,2,-1.2,3.5> 12321 FOR THE ACTIYE
z CALL SpltotdZ, 12
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DETATLED 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 Z0 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 Zre of the initial para-

f
meters (next to the device) to Z0 of the new parémeters 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 Zr of the initial device parameters. The

ef
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(10l,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:

two bands

FOR I =1 to 2

READ Fl1, 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 I

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 "CKT", GET "FARSUB",1000 and GET "FETDAT",4200 where "FARSUB"



- 16 -

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 Z22 vs.
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)2 +
Dat(1,9)%)
FOR I =1 to Count
PLOT Dat(I,1),SQR(Dat(I,8)% +
Dat(1,9)%)

NEXT I
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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
calcuiations. 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 ©
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(ZnF)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 tan-l(g) + (m 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 L

Mag (a + jb) <+ Det[;b %J 2

2, 2, <> matrix product (order not important)

2
1 ab -1
zq -b 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) ]*90°

IF a*b <> O THEN 6 = TAN L(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 1 211 Z1%297%0%n
[zl =¢ |1 D (Al =3
21| 1 Zyy
-1 -1
[Y] = [2] [z] = [Y]
-1 1-11
[s] = [[1] - Y1z, [X| (11 + [¥1z, [v] =[] - 18] Jy] (1 + 151 7 2
J 0
1 |t S22 1 | Tar o TiaTooToTo
[r] = s, s S:7,S,,—S,.8S [s1 = T 1 -T
21] 11 ®12%217%11%22 11 12
L Tip ¥ T 7Ty Ty Zy (Typ = Typ + Ty = Typ)
(Al =311
z, (Tyq ¥Typ = Typ = Tpp)  Typ = Typ =~ Ty + Ty
A+2 +cz +p A-2 4oz -0
z 0 z 0
1 0 0
[l =5
3 3 +D
A+ -CLy-D A-o -CZ

Note convention:

[A]
[z]
[Y]

1 [s]

1
~

2 [T]

|
(9]

]
w
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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
[Y] - 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 0 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 1->2 forward distance

., N
4 A

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

l3 3->4 ON P GOTO l 1 1 14,15

l4 4 » 5 ON 6-P GOTO 16,17,18,19,1

15 2 (P = present type of parameter set)

GOTO ll

(forward path)

l6 5 >4 If a infinite matrix is encountered, the variable

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

18 32 common so all other subroutines can check Nogo after

19 2 »>1 calling Mtrans to see if it failed. 1In all cases

110 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 li the following occurs:

1. If N = [matrix type to be changed], then the changes have been
successful; set Nogo = 0 and finish.

2. If change is impossible AND Nogo = 1 already, then set X(5,1) =P
and subexit. (Failure has occurred in both directions.)

3. If change is impossible but Nogo is still 0, 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 hié 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 Z ' (1 1/Y

Placed in Series [A] = o 1 [A] = o 1

(1 0 1 0

Placed in Parallel [A] = _;/Z 1 [AT = Ly 1
Z = R+j (L-1/wC) Y = 1/R+j wC-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, -jut
o e

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

vl = (i - s k(o + 1s1) ™ arzy)
Before taking the inverse though, Trline checks for the DET = O indicating a
line of length some multiple of A/2. 1In that case 10_10 loss is assumed in
both 512 and S51 before de-normalizing the parameters. This effectively adds
a "pad" that attenuates the wave by (1—10_;0) 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 1n 10 nepers = 20 dB. Then an analysis of John Granlund (Memorandum
of 7/31/79 titled "lLossy 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= Zgoj/iyg_ (c = speed of light in free space)
¢ = W/Evgzgo
R = /F/F0 2Ac (Ac +1/2AC + wELC) /wOC
_ 2 2
G = /7y (24 -‘/Ad + wg Lc'j J6oL
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he series impedance per length in the conductor and the shunt

per length in the dielectric are:

R + j(uL + R)

G + j(wC)

characteristic impedance of the line and the propagation constant

-

of v is taken between 0 and 90° (not including 0); the angle of Z

related to z and y by:

zly Y

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
Ry 0 B R 0
V Controlled [Z] = [z] =
“Rjw Ry | iRt )
R 0 8 Ry 0
C Controlled [Z] = [Z] =
—rm R2 -aRZ R2

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

—j2mFt If either R,

are zero, the subroutine changes them to 10_10 ohms to keep [Z] well-behaved.

number with a phase factor of e , where T is the Delay. or

R,

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 9
p=a+ bf + cf



where "p"

frequency.

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

rank matrix in the following:

— 2—1 - - r— —
1 a Py
2
1 b = P,
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is the real or imaginary part of some parameter, and f is the

The constants a, b, ¢ are found from the matrix solution of these equationmns.
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:

v A v ¢ L
B
[ABCD] Parameters 1 = 2 T; y 1 v
Vv
Il C D 12 12 1 2
-1
(1 o 1 0
[Aly; = [o -1] [Al4, [:0 —]
a. ) b —_— a,
[T] Parameters 1 = [T]12 2 1 — < "
by a, 1 L =— b
— _1 ——
_ 0 1 0 1
[T1y; = |:1 0 [Tl [1 0
bl'~ a
[S] Parameters = [s]12
b2 a
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L vy
[Y] Parameters = [Y]12
T2 vy
A L
[Z] Parameters = [z]
12
V2 IZ

[X1,, = [? é] [X1, [? %] for [X] = [S],[Y],[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

null element, but the logic assigns le = 1010 for the series branch.

Similarly, for a parallel branch whose Z

1010 for its input admittance. The [A] matrix is then assigned as it would

11 is exactly 0, the subroutine uses
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
Sy = 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. If 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., Z,. for a capacitive input near D-C) the values are

11
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 (¥ ] Re[¥),]- Re[(¥},V,, ]

|Y12Y21 I

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 + jO) - 1 _
d="(r +30) +1

r'(r)

x=0

constant x

r
Thus,. the center is Cl[}+l‘é]

. P 1
and the radius is g g

constant r

From the dotted line construction, it is clear that the center is at
C2(1,tan_1 %) where 6 runs from -180° to +180° for the sign to be correct.
The radius (height above horizontal line) is tan_1 %u The angular range is
simply (180° - 6). TFor +x values ¢ is from (90° + 8) to 270°; for -x
values 90; to (270° - 6).

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 70
Area
-2
1 1 { 1 L
-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(P} 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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SOSUR Fills
MRT H=A*C
R=3

L=1

COSUE Fillx
MAT D=D=x(-1J
MAT H=C=D

COZUE Fill
3 MAT H=A#*D
S MAT G=G+H
121a MRT H=C=*G
F=C=3
COSUE Filid
P=5 FLXY IS HOW [T1S

IF H=5 THEH Finish
GUSUE Partitionsx
FOR RE=1 ToO 2
Far C=1 TO 2
ALR,CY=ACR,CH+E(R,CHy+CCR,CO+D{R, 0
*(F._+'5-f4v'F-P Cr»~ECR, L"*EfE,Cﬁ-D&'
H F ;+E F u--LtF L'—D* :

PETY ALWAYS CAN GO TO [AR]

[

BRI I TSI I ] -’_n

DU AR O
Doy

o

B I &)
[ Y SO SR | o
Dot U X

-
Ee]

—

HEH Faile=it

COSUE Fillw
MRT E=E*(-1)

[
GO

IS HOM [AJ1
O AROUND

3 THEH Finizh IFROM HERE OHW IS THE EBACZEMWAERD
itiGns
=3 THEH 1425

1425 MAT H=A%*EB

1466 R=C=2

1465 COZUE Fillx

1478 MAT H=A

1475 k=3

1420 =1

1425 COSUER Fil1:

1430 MAT H=E=C

149% MAT G=H+G

1V:iid MAT H=G#H

19un B=1

1518 =3

115 SO5UE Fad ‘
STh FLXKY IS HOW [=214

IF H=4 THEHW Finish
AT G=1DHC(4, 4>
AT H=G-¥
MAT G=G+X

1€8% IF LETC(GHXI:a THEH 15£5
1556 IF Hogo THEW Faile:
1555 Hogo=1

1960 ZOTO 1zen

FORWARD



G=TRYOG)

=LY

- 35 -

R
Fuogdrag:
HOW [Y13

LK1 IS

"

-
!

MST

GCTO

112

= iF H=2 THEN Finizh
S35 IF DETCH3<3>0 THEM 1615
£ai iF Hogo THEW Failexit
£aS Hogo=1

5

= THY EH

bd:Ut Auwgdi 5
p=z

"“:' N«

agsz

U R HoW [Z32

1=

If H=& THEHM Fimizh
SOSUE Fa tition:

THEH
THEH

1668
Failexit

IF DEToCa:
IF Nago
'1‘“]1_' ‘

GOTO

rziz
L B S )

IS5 CHANGED
S MOMW [R11
H=1 THEH Finizh

t 11 'Il:ln‘

=0 :,;J

: R=1 TO
aF C=1 TO 2

o<

c2+DOR, 0D
:,3'—D':.3”

o

1 : -+BﬁR,F -C(R,CY-DiR, 2
171 R JCo-R(R, L'—LkF L CI+DCR, OO
poz@ fenlT ©
1725 HERT R
1758 MAT W=de 02
1735 9=3 I[KI IS HOW [T1S
174 LOTH 1ER VCOWTIHUE ERCKWARD FATH
T45 Azchange: FEM [A] TO [21, AHD [Z21 70 (A CHRHGES HAFFEH HERE
TEE OMET E=( '
TS OMET C=THWOD)
Fel MAT hR=R*C

Do R

L]

_-CUE Fills
EETURHN

el b bk el ek b bk b pd ek ph ek bk bk bk b b kb ek et b bk bk
R . O e E T PO R O o e . . . .

Parvitionx! REM LCAD 2x2°s A,E,C,D FROM X[4,4]
FaR F=1 TO 2
FOF E'l TG 2

QeR, Lo
B F,C:
Cor, L
DR, O
HE®T C
HEZT E
HE TR




- 36 -
FEM LORD 4 fdEW ELEMEWTS IMTO HL2,43, WITH AYERAGED LI1ARGE
H'r+1.L+1'*fH'1 124HOZ, 20002
.1)) 2

= =

IR BT ]
[} Il
[N

L
Ll e

i
)

"J-1 oo o

1IAGS OF EACH [2,2]1 SECTION OF [X)]

1 T 2 STEP

=1 TO 2 STEF

d=ACR+L, C+1 3= (3 R, Cr+H(R+1,C+13 02
Lame
C

WL
M!ﬂfﬂ

W

LYY o]

WiR, C+13-HIR+1,003.2

R
N T DN

FEDTM H{5,4>
'TELLS CALLER OF FRILURE RT THIZ POIMT

uLnﬁlj

REDIM H{S, 45

PSUCCESSFUL EXNIT

L e i e e e e e e I i T e e e
N o N
oL e o

SLEEHD

UE Sa JControl$,Sources, Gain, R1, B2, Delawd IHEHEHRHB IR
€ LM Haga,
513 IF (Control$="Y") RHD (Source$="C"3 THEH Gain=Gain-18~31TRANS-COND IN mMHOS
©15 IF R1=8 THEH Ri=1@+~¢-1@3 IKEEFS [Z1 WELL BEHAVELD
IF RI=@ THEH RZ=18-{-18>

'{Z21 FOR THE COWTROLLED SOURCE

2 tt=@) WHEHM SHORTED

[

LN U DS DS L O % I OO O CN I LN ]

S 4,2r=-Gain
IF sCantrol®E8="C"2 AMD (So

IF Contral$="4" THEN
=§="C" THEM ¥
IUBEXIT

3 PSain®C050-wt2t ¢ in pizo-3EC
<18 PiGain*xSIMo-wt 2y ¢ CAN EE HEG
] 'Cain FACTOR HOW IH COMRPLEX FORHM

LA LS % I O O R

Flooxiss, Typed,R,L,C Places) IHEHEHEEE R

Ay
i9s OFTIOH EBRSE 1
1% COM Hogo,Zo,F
ta LI HMJ,EA 'TO HOLD THE IMMITAHCE OF THE R-
i% NMAT #=ZER
SNl 1h=HO2, 20003, ’:i'="<:’§4,43'-'::"1:‘:5,1:'=1
25 IF TypeF="F" THEM 2175

5] A1, 10=RCZ, 2=k IGET £ OF SERIES RLC

o A1, 20=2+FPT*F*L

£ IF C=8 THEH 2155 FMEAMS HO CAFPACITOR IH THE “RLCY ELEMENT
bl IF F=8 THEW F=1@~(-26) PRAPROE D-C

Q AL, 2x=A01,22-108~3-(2*FPI*F*CD

S HeZglz =—H\1.;

IF “Place$="F") AHD C(DETCR’}=8> THEH Avl,13=A.2,2=18-(-18) PSMALL LOZES

F="P* THEH MAT A=IHY{(AD>
COTOD ZZz6

FEM Tvped IS “P" S0 CAL
IF R<%9 THEH A1, 10
Pi1,20=C*PI%F*C 123
If L= THEH ZZeS INO INHDUCTOR

IF F=0 THEH F=1w-(-2@)»

P
-
i
G
=
gl
e}
S{

-,
D)

LR LU DS A% T SRR LN LI R I AP DA U U U SNV CM Y DI R O N OSI (A

— ek bk kA bt bd s s i ek b bbb ek bt el fed et

.
R
g
«
]
-
o
o
Iv>
=
53
2
>
L=}



- 37 -
Sy=1-0Z¥PISF L0

"y AMDI (DETCRA»=@) THEHW R<1,1)=
THEH MAT AR=IHYIA?

I
-
[ (%]
-

[ O¥]
LI}
—
Dox)
)
—
[

+iFlaced="pP";
- Flace$="P"1#2
T, 0= I+l JH1X=ACL, 10 IPUTS THE COMFLEX IMMITANCE INTO C[1,
I,J+12=Ac1,2)

I+1,J3=-AC1,2) IWHICH IS HOW [RABCD)

SUEEND

SUE TrlinedHddsr ,Zg,length,K? K2 2-3:3:.2:2 32233
DFTIOGH EASE 1

Cam Hogo,Zo,F

DIn u'4 4- JHOS, 42

qﬁT
'[CJ FARAMETERS

'PHASE LEWGTH OF LIHE

'[Z] HAS FROFER REFEREHNCE-Z

[ e

RPELIM X<

AT b—IDH

MAT H=G-

= AT h=b+ﬁ

2325 IF PET iav=8 THEH G¢1,33=502,42=G03,10=G04,20=1-1B8~0{-183

YSMALL LOSS TO AVOID IHFTHITE [W]
PCHANGE [S] TO O[] USIHG Eg

DA

LI I}

Aa=T

!“14“f5)

PEXY IS HOM IW]

THoHdisr, Turnzl, Turnz2} THEERETRAHAHS
IF TURHES ERTIO 15 HEG, I AMD + AEE FLIFFED AT FORT 2

=ZER

2 2r=TurnslsTurnz2

AU, 40=Turnz2- - Turns1l

'[IRECL]Y FOR THE TEAHMESFORMEER

S LU Lranchilisl, Tepeds CREEHEREEREES
S0 DFTIOH ERSE 1 I[+1¢S,4% HOLDS ERAMCH ELEMENT

tCaRY [H] BEFORE RE-DEFIHIHNG

y=Hi4,40=H05 1a=1
Aol =y 'TEr] I5 CHRHGED TO [Z21]
=517 Moo OF It'l 10%EBr 71,25=83 AHD (Twped="F"2 THENM 251
=i ERANCHES TO DO A SERIES OF FARALLEL GFEN CKT, OF SHORTED SHUNT HOTE:

e STEL SERTIES ERAMCH IS OK AHD HEEDS WO RCTION
: F Tupe$="P" THEH Z47@
2450 H-i,?ﬂ~»r2 4-—Brt1 15 'PUT 211 FOR THE SERIES EBRAHCH IMTO [=1
is%S 71, 30=Erv1,2

i lu-.-J=-V'1 4 t[%] I3 #H0W [AECD) FOR THE SEFRIES ERAMCH
LT SUEREXIT
I4TE 9 h, iR, D =RErol, 1 CIMVERT Z11 TC O FUT IMTO [H]

LESCRE LU S I A T I D I (N

wona

T
3
i
[
—
T
-
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'[x1 IS HOW [AECD] FOR THE PARRLLEL ERAHCH

RE OF I
[#1 AS
E OF &

IF TypE$=”3" TPEH ﬁ’ Ia=HOZ, =18 ITRKES
FEM INFIHITE-Z CORRECTION
IF HMogo=8 THEH
ZUEEND

(] :E'

HFIHITE-Z SER ER
IT I3
HORTED FARR ERAHCH

..—4r‘;-

AE

'THKESD

HEEH R RS

Hogo=0 THEH 252
FRINT "CIRCUIT BROKE RT"IF{"GH=z{ SHMALL FRONT-THLE I3 HSSUMEDR"
LELED 4D GO TO THE LIKELY [%E1
o THEH PREINT "COULD HOT IMTRODUCE FROMT-THALE:; ARHRELYZIS F
sHEH :HIEHIT '!HH T CHEiQDE HH» MORE TO [=]

IF

AN IO |

oy
3

FREINT “SOME FROMT-THLE IS ASSUWED TO CASCRDE AN ELEMEMT HT":F: "GhHz"
CHLL Mtrans{ACEr, 43

IF Hogo THEH PREIMT "COULD HOT IHTRODUCE FROWNT-TAL
IF Hogo THEN SUERERIT TELEMENT [AR]Y HOT CARSCA
HOF 10=H04, 20=180-1@0

GOTO 2595

O L B

-
v

SR R

ks AHALYESIS FARULTY®
LED

MAT
MAT
FELIHN
MAT
RPEDIM ]
HEDy1o=Pzet 'FIHAL ELEMENT IZ [AEBCDY OR [T3
FOR R=1 TO 3 STEF 2 VAYS DIAGS FOR ACCURACY

Fop C L

JHAadd, 40

B I IO 1]

'CRZCADE [AR]Y OWTG THE RIGHT OF [x3]

+1 00,2

NEXT R
SUEENT

SUE FParcdos) AoxD THEHARURNBHEES
M Hogo
VIS TALL MtransCudsi, 20 'TRY TO GET [Y¥3 FOR THE HETHORE

ren IR koge THEH SUEREXIT 'CAMYT PHRALLEL TO AN IMFIHITE-Y HETHORK

2VIS ChLL MiranzCACEM, 30

E72A 1F dogo THEHW Failexit

27 HnT “=7+R '[A] IS ARDIDED TO [ AHD IS UHCHANWGELD

IFAD MOS,1=0

2745 S_fEn]T

VS Failerit: MAT H=A 'HETHORE 15 HOW THE INFINITE-Y ELEMENT [R1]
27595 SUEEND



SUB SerlEiE s  HOED
CI3M Hogo

CALL MtransdHoxs, 20
1F Hogo THEHW SUEBEXIT

CALL Mtrans RCEY 2D

1F Hogo THEH Failexit
MAT A=E+A
WiG,12=2
SUBFXHIT

Failexit:
SUBEND

MAT x=f

SUE Smithidmin, Bnas,
GCOLERR

GRAFHICS

FRERME

SHOW ¥min, Mmax, Ymir, Yhnax
Far I=1 70 7
READ R,E#F

Fadi=1-(R+12

Cen=R*REadi

IF F>z THEHN
MOVE Cen-Radi+.815,.01
LREBEL R#¥

MOVE 1,8

FOR L= TO
FLOT Cen+Radi=C0S(L2>,
HEST L

Pl =0l
e e}

.FI 3:'1,@,-.:;‘5-21-5, E.'glllqh!h—
¢ I=1 TQ &

EEAD Th, &¥

FGR J=1 Ta -1 STEFP -2

COZCTh»+,.82-0Th>

IF J<9 THEN LREEL *"-

LREEL =#

Fadi=TANTh-2>

MOYE COSCTha, J¥SIHCTHY

S=C2-JrxPl~2

FOR L=J+Th+S TO 2Z:PI-%
FLOT 1+Radi+=COSCL)
HE=T L

HE=T J

MOVE -F

ne
£

DHTH _‘-1‘1(.. .~.lll

SIUUEEHD

SUE Firt
JFTION E

1F "1 THEH F$="RECD"

Yhl iy Ymas

-39 - IHEEHBEBRBRY

GET [Z] FOR THE HETHORE
SERIES TO AN IMFIMITE-Z HETHOEK

'TRY TO
TCAMHCT

'[AJ IS RDDED TO [X] AND IS UHCHAHGED

THETHORE IS HOW THE INFINITE-Z ELEMENT [A1

s afdddhndd

'HORMALIZED RESISTANCE TGO EE FLOTTEL
IRADILES OF CIRCLE

V-COORDINANT OF CENTER

=

ZxFI STEP PI/INT(SB-CR+43)
Fadi*SINILD

+5,5,16,18 IYALUES AND HAMES CF F
'THORMALIZED REACTRHNCES TO PLOT
I Theta IS <OGAMMAX AT R=8, X% IS REACTANCE
'FLOT FOS & NEG RERCTRHCE

I 252,12, J2SIHCTh»+J%, 84  LREELIHNG

TUSED
STEP J=dFPI-Ths

IH DEFIMING ARC LIMITS
INTC16-1-Tha

TO FLOT

sFadixCJ-SIHCLY

VHORIZOKTAL

1 az7 .o ]
.-.‘.. gy <y

TTh, " YHLUES

THEFHEHBHTREH

".I

'IFphl TO HOLD
ITO STORE HEXET FRE®
MO HERDING

%) IH WhAG,FHASE FORM
IM LATA ERZE

Corm Hoao,2o,F, Count , SHORT Daff+'
DI Fphil,4:,A0(2,27 “’;.2) coz,
_:'ui—rHuHle

ir Eount“l THEH 20BES

i v L]

'.-Jf') )lll;”lr\)llz

IH MAGHITLIDE AHD PHRSE" -1 1115

IF fse' THEH P$=""[23"
IF Pse1=? THEH F#=" [Y1"
IF Fzet=4 THEN Pg=" [§]"
A IF Feet=5 THEM F$=" [TJ"
Leas PEINT USIHG 2@3S;P%
S0SE PRINT USIHG 3860
Tand IMRGE ~/18X5A" FARAMETERS
1714 zarayepe
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ISED IMAGE H¥'"FREQYSHRMMAG R "AHG  ZCTE  MAG 4 " AHG" 2 e " MAG 410" 510

TR IF 203,10 Pset THEHW CALL Mtrans(R(%>,Pset)

- IF Hugu THEH Failexit
D:r (Count , 1a=F 'LOAD 1 FREG® IMTO DATA BRSE
FOF 2 TO =2

LatiCaount ,Ci=x01+0Cx»50 %2, 0-1-0(C>Srx45

HERT C
Darildl,lr=F:
FOR RE=1 TO 3

3

o

' TYFE OF PARAMS EEIMG LOADED It DATA BASE

-

i
X1l 1‘_|’,| m

FoR ©=1 TO
MphiR=-(R
S IF Pzet

e
m

S 2 B
[ Y]

y SRR s F SR, DL 2
THEH H;h'F—‘F—b'.C)—hfPfF~f'“b,
ACRLC+1 =8 THEH MphiR-IR=33,C0+10=0%

O P TR

ORI =}
s

PyCox1@~3 VLYY FRINTED IH mMHOS
SGHOROR, S CSGHIHCR,, T —-1 2+

T el i i i &

LA THEH Mph(R-(R=33, C+10=120%ATHOR R, C+1 3 HOR, 003 FI-
R, CH1raE33

[
T
-
Dl
+
-

=

H1IE

; éé 'GET (Y1 FOR CALC 0OF K FARCTOR
3145

2154

2153

3158

=B R

3174

ER

1S K= R 3
125 IF = 2 THEH 32218

3138 IF Ps ef—i THEH 32225

214 FRINT USIHG 2288 F,Mphixr, K

IMAGE 30.30,40.40,2¢(S0.0,50.40%,50.0,40.40,50.0,40.2D
SUBEXIT
PRINT USIMG 32153F,Mphiss, K
IMAGE 30.30,60.20,50.5,2¢7
SUBERIT
Mpho2, 12=Mphi2, 135183 ICOMDUCTANCE FRIMTED IM mMHOS
FRINT USIHG 3235;F,.Mphi#),K
IMAGE 3D.3D0,4D.40,SD.0,2¢&D0.30,50.07,40.40,50.0,4D. 2D
SUBEXIT
Failexit: FRINT USIHG
IMAGE 3D.30, 3
FOR 1=2 TO 3
Dat ¢Count , 1¥=8 'DATA LOST AT THIS FREQ
HEXT 1
SUBENT

s Ln

D]

D]

L2050, Dy, &0, 2D0,5D.D,450. 20

+

oy
P

D

CANMOT EE CALCULATELD AT THIS FREQUEHCY®

SO IR ) B B A

22TV

SUE Splotol, I THfaatutadas

COM HogD,EG.F,Fosnt.JHﬂFT Dat (=3

IF Dat<idl, 104 THEN CALL Dtransdd42

Z=2+£I}'-+4+'T;1 'COL OF DATA EASE WITH REAL PARRT OF 5¢I,J2

MOVE Dardl, 0o Dattl C+1:

FOR RE=1 TO IUB 'EMTIRE DRTA EBASE
IF ¢R>1» RAND (Dat<R,13=83 THEM SUEBEXIT EHND
FLC2T Dat(R,CH»,DartiR,C+12 'DATA BASE PLOTED
MEXT R

SUEEHD

STORED PRAEAMS
IZ: REAL, IMAG FORM

b I |
wem
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'FHEHEHNERERE

SRRy ]

2425 100 DIAGOMAL FLIFPFPING

b1

REDIM H{S,4>
CALL Mtranscxkisd, 42 'TRY FOR [S51
IF Hogo=8 THEH 3428
FRINT "PORTS CANMOT EBE INTERCHAWGED IN"iF=z=t;“"OR [S1 AT“{F;"GHz"

'pd DIAG FLIPFPING

r
[Xx}
(]

IDIAS FLIPPIMG FOR [21 W1 &

a5 SUE Itrans{Fsetl TS HHEHEHEHEES
COHYERTS EMTIRE DRTH EBASE TO Fzet WHILE PRIMTIHG HEM FARAMS
DETION EBASE 1
COm Hogo,Zo,F,Count ( SHORT Dat (=3
' | TEMF HOLDER
'TO SIMULATE AH AMARLYSISE EUN OF THE CRT
"i*D:fliHl 13 VCURREWT FRREAM TYPRE

s1:=83 THEH SUEBE®IT 'EHMD OF STOREL DRTH
VLOARD [ WMITH 1 FREQ OF [Dat]

[ I
+
L DO R O ON I =

D IR

e

= S, la=01dpset
4 F=llat I, 10
45 CHLL Fridxisi,Fset PPRIKTS AMD STORES HEW FARAMES CIF EXIST?
1 HERT 1
ZTES SUEREHMD

IS5 54 e KON Fqo,Length,E,Ac,Ad,Foo 'HEHuHAHEHTRE
i uhH:.;H;HE-,FcLH IWE EPSILON,aE~IH,dB-1IH,GHz

z DET

SR B .0

ZTrE " AGal S, S, Zpl 2 2 VR I2, 20, 504,40 (HO4 40

0.t VCOHMMERTS TO HEFER-IM BY 1ni@d HEFERZ=ZOdE
s » 11 2B2EE4 PIHDUCTRHCE PEFR THCH <nH»

. 'CAFACITAHCE "IN InF

ES A *ZFRACE CACHSORV2ZERC Do e« C 0 o (Ho%C )y TCOFFER REZIST-IH
ot L#ls Sllicsl~For  !'DIELECTRIC COMDUC-IH
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?;}-1.

i . 5=Tp]£2,_.=5
fp' y21=Z#P1#F %0

?=—Vp]f],25
SplEvpl VIS GAMMA SOUARRED
Mag=SRRC SR COET CGammar 2 2
FR=ATH(Gammatl, 22 Gammall, 132
IF Fh7=3 THEN Fh=Fh+PI~2 'TO GET G<AMGLE(Gammali=FI~s2
Alpha=Mag=COS Fhs
Beta=Mag«SIHCPh
HAT Ypl=IuWd{¥plo
MAT Zg=2Zplsvpl V15 GUIDE-IWPELDAMNCE S&UARED
Mzg IRCSRRCDET OS2
Fih=RTHIZgdl, 2. .
Zavl 13=Mag*COS{Fh?

-
—
.‘|n—»-—s{v._|>-
-
]l t-hfip-ayﬁflh‘

oo

2 OMET Gamm.

| ~FI-4<Fh<FI.- 4

ny

[

= Egui,“=ﬂag ﬁIH',h)

B Flphza=E:

5 oel, Toas= pha*CosSdBeraslenath
43 sLengths

TL®1 IS

D]
=
-
m
8]
"
[iy]
o
—
m

FRINT !_IhE H':h
EEDIM woS,4%

LIhIPLE LOSS AMD HALF-WAYELEHGTH; [53 HAZS WROMG Zref®

'ODEHORMALIZES FROM Zq

HiS,10=2 ' V[Z2] FAEAMES FORE THE LOSSY LINE
SUEEHD

a0 5~E FreadiEosin THERHEHHHAERS
2 (T, 4» WITH C(IWTERFOLATEL:» PHERMT FROM TYFED-IW DATH

DP.IUH
Ce o
DIt Fut ) oz
LFI HIOLDS FARARME
PERDL Fser M
MAT RERD FiH2
IF M>*2 THEH
IF H=2 THEH
MAT RERD .
COZUE Convert VOHAWGE FROM MAG,FH TO REAL, IMAG
MAT EBuf=P 'PARAMETERS TAEEHW AZ COHST IF GIVEW 1 FREZ
GOTO Loadpars
AT FEAD FI{Z,E80
LOUIUD Caoriaert
FPELIM Coef 2 MIZ2,20,V02) 0 A LiHEAR INTERF WITH 2 FREG
M1, 1W—HKE,29=1
el 2 =F010
Mo,z =sFizs
MAT M=THY M
FOF C=1 TQ 2

+ V[Bufl ROLDES FRARAMS AT 1 FRER;
IMH UFFER SEG IF FOSE

s3I, MBI Bufis
o

TEADLLIMG FREGS,

T
..4 o
L)

PREDIMES [F] TO USER‘S N FREGS

o
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WMalr=Fol, 00 IWECTOR GF FARAMS (REAL JOR IMRGS, AT 2 FRERS

YZI=P(2,0)

Ay

24 MAT Coef=H=Vy

H45 Butf(Cr=Conef(l)+Coef (21+F
Syt HEXT C

353 GOTI Loadpars

¢ FOR I=1 TO H IBEGIN GEM SEARCH FOR 3 FREOZ ARODUND F
.5 IF F«IX=F THEH Uzzdata \HAVE DATA AT EYACT FRED: NEED HO INTERP
"4 IF FCl2*F THEH 2989

HE=T 1
Sk1p=nIHCI -2, N=-32) | #FREQS HOT USED FOR THIS INTERP
Tkip=MAXISkip,8
FOR I=1 TO Skip+3
SEAD MWaszte 'IGHORE UHMMAMTED FRER DATA
HEZT I
READ PCxD
COSUE Conwvert
Mol,10=M02,1v=M{32,10=1 IEEGIN S0L“M FOR FPRRAEOLIC IHTERFOLATION
FOR I=1 TO 2
Mil,2r=F(Skip+Is IMATRIX OF 1,F,F~2 FOR 3 FREGS
MOT,3a=Mol 202
HE=T 1
MAT M=IHY{M> TWMILL ESIST IF FREQS ARE DIFF
FOR C=1 TO 2 4 MAGS AND PHASES TO IHTERPOLATE

DI O X IS OO W 0 B O B R N R P #Y)

D IO i BDoCRS | W

R
haa

o l_‘:l n

=

[t DA
;

A 2
ERRE I B | R =

-

X

4—&4*4-—*{44—&4*#&4—:-&#&#'..-
x}

I
Ie
HoUI]

,_
LU
L

ta,b,c IN a+bF+cF~2
(23*F+Coef(33%F~2  |THE PREDICTED ¥ALUE AT LESIRED F

GOTO Loadpars
UsedatalFOR J=1 TO (I-12»%2
FEAD Haste
HE®T J
READ EBuf ol
Loadpars: KOS, 12=P=
FOGrR I=1 TO STEF
FOor J=1 TO STEF
=23r%4 VCOL OF BUFFER MWITH HoI,J» JRERL FRRET:
ALy Ja=xiI+1, J+10=BufcC>
I,7+12=BufiC+1>
HOI+1, Jo==-XCI, J+12
HEST T
HEXT 1
SUBEXIT
Conuert: FOR E=1
FOm =1 TO 7 =TEFP
Mag=F{R,C:
Fh=F{FR,C+12%FI1-120
FiR,Cr=Mag*C03CPh?
PIR,C+12=Mag*SIH(Fh>
HEXT
HEXT R
RETURH
PUT HERE:DATH Psst,#Fregs,Fl...FH <IHMCREASIHG FREQS OMLY !
DATA IN Mag,PhaseCIM DEGREES} FOR EACH PRRAMETER 11,12,21,22 AT ERCH FRERQ

B B R R B I

B

't TEEGIM T LORD [H1]
4 PARAMETERS TO LORAD INTO [

,.u,*
SESE

)

USRI BT | I ¢ Bt

7

1}

iy
-+
-t

=

D I I LTI s IO £ T

-
A

T

FOWMCPY PZHAMGES RLL ROWS OF L[FI FROM MAG,FPH TO REARL,IM

)

Pt ok ok e ok ok ek pok ok b ok o ke

B Bty AT S N T o o PR

USROS O |

T

W0
-
L

VL b e e s
) BUOURDR) B

) BN | O

) Bt I

!
!
]
i
!
I
'
!
1]

P R o T s s S S S S A R S U SR A A A DRI SR T A UG T SR T R SN CAR AR CRERN SN R CUR U R O
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