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SECTION 1: OPERATIONAL INTRODUCTION TO NCAP

1.1 Design Philosophy

RADC NCAP 1is a nonlinear circuit analysis program,
implemented on the Honeywell 6180 computer facility, which
employs the Volterra analysis technique to compute the nonlinear
transfer functions of electronic circuits. From the point of
view of the user the NCAP system is composed of three elements:
an input language, by which the user describes the circuit to be
analyzed, a computational phase which solves the network problem
on a nodal basis, and an output phase which prints and/or plots
the desired results.

A primary consideration in the design of the NCAP software
was that it be easy to learn and use. An in-depth knowledge of
the analytical techniques employed is not essential for its
efficient use nor is the circuit analyst expected to understand
the complex programming routines which make up the system. The
user is only fequired to be able to translate his circuit
analysis problem into the appropriate NCAP input language
statements. By means of this "language" he describes the circuit
to be analyzed, the frequencies and order of analysis and the
desired output. In turn, the system interprets these input
statements, performs the nonlinear analysis and outputs the

results in printed or plotted form.




1.2 Circuit Elements

NCAP uses a set of standard electronic circuit element
models, and can analyze networks made up of interconnections of

these elements. The Honeywell 6180 version can handle circuits

of up to approximately 500 nodes.

1.2.1 Linear and Nonlinear Elements

The following circuit elements have been included in the

NCAP systen:

Independent Voltage Source
Linear Dependent Sources
Nonlinear Dependent Sources
Linear Components
Nonlinear Components

Vacuum Diode

Vacuum Triode

Vacuum Pentode
Semiconductor Diode

Bipolar Junction Transistor
Field Effect Transistor

These circuit elements are depicted in Table 1. Device
nodes are shown as xx, where xx represents a user-assigned node
number. For internodal devices, both the node numbers
represented by xx and yy are assigned by the user. However, the
assignment of nodes for multi-node devices is performed
automatically by the system, according to specific conventions
built into the device model. In these instances, the node number
xx is assigned by the user while the nodes represented by xx + 1,
xx + 2, etc. are assigned by the systen.

These circuit element depictions are presented here for

2-4
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introductory purposes only. Detajiled descriptions of node
numﬁering conventions and pafameters necessary for the complete

definition of each circuit element are given in Section 3.

1.2.2 Circuit Excitation and Order of Analysis

The nonlinear transfer functions computed by NCAP are
voltage transfer ratios which relate an output response voltage
to one or more input excitation voltages. Therefore, in order to
determine a nonlinear transfer function, it is necessary to
define the parameters of the input signals of the circuit and the
frequencies at which the analysis is to be performed.

IP'NCAP these input signals are considered to be generated
by independent sinusoidal voltage sources. Voltage sources
(generators) can Qe connected between any two nodes in the
circuit, and a single source can generate an arbitrary number of
frequencies, Frequency control and the method of embedding
voltage sources in NCAP circuits is described in depth in Section
3.3.1.

At this point it is important to understand that the order
of analysis which the program will carry out is equal to the
total number of defined frequencies in the circuit and that
nonlinear transfer functions will be computed for all of the |
possible combinations of the n input freguencies. For example,
if there are three input freguencies in the circuit, fl' f2, and
f 3 then a third order analysis will be performed and seven

nonlinear transfer functions will result:

2-8



ORDER TRANSFER FUNCTION FREQUENCY COMBINATION

1 Hl(fl) fl

1 Hl(fz) f2

1 Hl(f3) f3

2 Ho(f,,f),) £+,

2 Hz(f1.£3) f1+f3

2 Hz(fz.f3) f2+f3

3 u3(f1,f2,f3) f1+f2+f3

1.3 Preliminary Data Preparation

Since the NCAP analysis is performed on a nodal basis, the
first step in the analysis of a circuit should be the drawing of
its complete circuit model. This diagram should include all of
the NCAP elements which can be identified.

Next the circuit nodes must be identified and numbered. The
signal ground is automatically defined by the system as node 0,
and the numbering of the remaining nodes must beqin with 1 and
continue sequentially until all nodes have been numbered. There
is no requirement that adjacent nodes be assigned sequential
numbers, but no numbers in the sequence may be omitted. Such an
omission will cause erroneous results.

As mentioned previously the assignment of nodes for NCAP
elements which have more than two nodes is done automatically by
the systen. The automatic node numbering conventions are
discussed in detail in Section 3 and are depicted in Table 1.

It is important to understand that autormatic node numbering

2-9




of multi-node devices will affect the identification of nodes on
the circuit diagram. For example, the vacuum triode is a three
node device. 1Its location in the circuit 1is defined by the
number of the grid node which is assigned by the user. According
to the convention built into the triode model, if the grid node
is numbered xx, then the plate and cathode nodes automatically
become xx + 1 and xx + 2 respectively. Therefore, as the analyst
identifies nodes on his circuit diagram, if he assigns number 2,
for instance, to the grid node of a triode, he must be aware that
the plate automatically becomes node 3 and the cathode node 4.
Once the nodes have been assigned the <circuit can be

“translated" into the appropriate NCAP statements and prepared

for input bo the computer.

1.4 Optional Features of NCAP

A number of optional features have been incorporated in the
NCAP system to increase its versatility and ease-of-use. For
example, in order to provide the user with a method of analyzing
circuits over a range of frequency or linear component values, an
incremental sweep capability has been included in the NCAP
program. This feature enables the user to specify numerous
analyses of a given circuit in a single computer run. The basic
circuit description, together with all sweep definitions, is
input only once. The system then automatically re-analyzes the
circuit for all possible frequency and component values,

In-depth discussions of frequency and linear element sweep

2-10




capabilities are presented in Sections 3.3 and 3.4.

A modify feature, which allows the user to alter nonlinear
device parameters and re-analyze a circuit in a single computer
run, has also been incorporated in NCAP. Such modification may
also be applied to frequency and component values, either to
change the parameters of a previously defined sweep, or to define
additional values which may lie outside the range of a sweep.
Modification is covered in Section 13.6.

Because a typical NCAP computer run can result in a large
volume of printed output, several features have been included in
the system to allow the user to control the volume of printed
output as well as to specify plots of frequency vs. transfer
function at selected nodes and orders. Output control {is

described in detail in Section 3.7.

2-11
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SECTION 2: STRUCTURE OF THE NCAP INPUT LANGUAGE

The user communicates with the system by means of the NCAP
input language. This language consists of a set of statements
which allow the analyst to easily define the circuit
configuration, its frequencies and order of analysis, and to
control the output format. The input specifications (or language
statements) are punched on cards or an equivalent time-sharing
terminal., For purposes of this discussion the input medium is

assumed to be punched cards.

2.1 Control Statements

A typical NCAP input deck consists of a series of control
statements which define «circuit topology, circuit excitation,
linear and nonlinear elements, solution modification and output,
Each control statement is contained on a single card and begins
with an asterisk (*) which identifies it to the system as a
control statement. Following the asterisk are certain keywords
which identify the function of the statement, These * control
statements are commani-uriented: they are used to instruct the
system to perform a particular function or to initiate the
definition of a circuit element. For example, to begin a circuit
description the analyst uses the statement:

* START CIRCUIT
To begin the definition of a transistor he uses:

* TRANSISTOR

[\ ]
!
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To specify plotted output the statement is:
* PLOT

2.2 Data Statements

Many of the * control statements requirg additional input,
such as node numbers or device parameters, to complete the
definition of their function, This additional information is
supplied by data statements which directly follow the * control
statement with which they are associated. Data statements do not
begin with an asterisk since this character is reserved for the
purpose of identifying control statements. Some data statements
contain keywords, such as NODE, which are used for
identification. Others contain only data values and are
identified by their position within the input deck.

A éomplete description of each * control statement and its

associated data statements is given in Section 3.

2.3 Input Format

In general, NCAP input data is expressed in free-form. This
eliminates the need for counting card columns or for placing
individual data values 1in specific card fields. Free-form was
selected because it is both easy to use and tends tc¢ minimize
user errors.

There are two general rules which govern the use of
free~form input:

1. The blank (or space) is used as a delimiter. That is,
2-13
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successive data values are separated on a card by one or
more blanks. This rule implies that no blanks may be
embedded within a data value. For example, i{f the
desired input value is 3.1416, those six characters must
occupy contiquous card colunmns.

Since the blank is used as a delimiter it cannot be used

interchangeably with the digit zero. All zero values

-

2.4 Data Types

There are three types of data values used in the NCAP

lanquage -

1.

Alphabetic - a string of alphabetic characters

FXAMPLES: TRANSISTOR
NODE

Integer - a whole number, expressed as a string of
aecimal digits. The decimal point is always omitted but
is assured to be to the right of the least significant
digit. Negative values are preceeded by a minus sign,
while unsigned values are assumed to be positive.
Integers have up to ten digits of accuracy.
EXAMPLES: 175
12777216

Cecimal - a floating point number expressed in one of
two ways:

a) A strinag of one to nine signed or unsigned deciral

digits written with a decimal point.

2-14




2.5

EXAMPLES: 7S.
123.64
-5.6
b) One to nine decimal digits with a decimal point
followed by a decimal exponent. The exponent is
expressed as the letter E followgd by a signed or
unsigned integer. The exponent may be explicitly
zero but cannot be blank. A decimal value has a
precision of eight digits. Its magnitude must lie
between 10738 and 1238,
EXAMPLES:
7.0E2 7.E02 ,7E3

(A1l mean 7 x 10° or 700.0)

-7OGB-3 -078-02 -700E-ﬂ3
{All mean -7 x 10~20r -,007)

Input Error Detection

As the input deck is read and processed by the NCAP program,

each of the user's statements is rigorously checked for possible

errors. As a part of the program's standard output format,

images of all input cards are reproduced on the computer's line

printer. In the event that an error is detected, a descriptive

error message is printed after the card image on which the error

appears. These messages are self-explanatory and contain

sufficient information for the user to make appropriate changes

in his deck.

2-15




After the entire input deck has been read and processed, if
any errors have been detected, execution of the program will be
terminated and the oatput will consist of only input card images
and pertinent error messages. If no errors are found, execution

will continue into the computational phases of the program.

2-16
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SECTION 3: DETAILED DESCRIPTION OF NCAP STATEMENTS

As mentioned previously, a typical NCAP input deck consists
of a series of * control statements and their associated data

statements.

The NCAP control statements tend to fall into seven
categories according to their function within the total inpdt
stream. Therefore, for purposes of organization, this section is
divided into seven subsections as follows:

Comment

Circuit Delineation

Sources

Linear and Nonlinear Components
Device Models

Solution Modification

Output Control

Wi Wwww Www
AN EWN -

3.1 Comment

The comment has been included among the NCAP * control
statements to aid the user in organizing or documenting his input
deck. Comments provide a method for inserting brief remarks
concerning the purpose or inteat of statements which precede or
follow them. The comment card diverges somewhat from the
standard * control card in that it begins with two *'s, The **
may be followed by any desired text in the remaining card
columns, but the entire comment must be contained on a single
card. Llong or multiple comments may be inserted in the deck by
using multiple comment cards. An example of a comment card is:

** THIS IS A COMMENT

2-17
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Comments are printed on the computer output but are not processed
further by the program. A comment statement may be placed
anywhere in the input deck and any number of comment cards may be

used.

3.2 Circuit Delineation

\J

The delineation statements initiate and terminate the
description of the circuit to be analyzed. These statements and
an explanation of their use follows.

'* START CIRCUIT
This statement 1is used as a delimiter which ir.tiates the
definition of the circuit. It indicates that all cards between
it and the appearance of * END CIRCUIT describe the circuit to be
analyzed. No data statements are reguired.

* END CIRCUIT
This statement is used as a delimiter to terminate the definition
of the circuit. No data statements are recuired. Every c}tcuit
to be analyzed by NCAP must contain one and only one * START
CIRCUIT and * END CIRCUIT pair.

"* END
This statement is the last card in any NCAP input deck. It
indicates the end of all data and initiates the computational
phase of the program. Every NCAP input deck must contain one and

only one * END statement.

2-18




3.3 Sources

3.3.1 Independent Voltage Source

In order to determine a nonlinear transfer function, it is
necessary to define the parameters of the input signals and the
frequencies at which the analysis is to be performed. In NCAP
these input signals are considered to be independent sinusoidal
voltage sources. The complete definition of such a Thevenin
voltage generator includes the nodes between which it is
connected, its frequencies, peak amplitudes, and impedances. The
definition of a generator is initiated by the following control
statements:

* GENERATOR
This statement indicates ihat all cards between it and the next *
control statement describe a Thevenin voltage generator. The
required data statements are:

NODE XX Yy
The NODE statement contains the word NODE followed by the integer
node numbers xx and yy, which represent the nodes between which
the generator is connected. There is no reauirement that the two
nodes be numbered seguentially. The generator may be grounded by
defining yy to be zero.

The definition of a generator includes the specification of
its frequencies. These are provided on FR data cards. There
must be one FR data card for each frequency which a generator
produces., Also there must be as many FR data cards as there are

total defined frequencies. The user assigns each frequency a
2-19



number which the program uses in keeping track of frequency
combinations during processing. If there are n frequencies, then
there must be n-FR cards, each with a different frequency numbe;.
A present program restriction 1limits the total number of
frequencies defined in a circuit to six. The FR card has the
following general form:

FR Number Value
The characters FR identify the statement as a frequency
definition. *Number" represents the user-assigned frequency
number, an integer. "Value" is the decimal frequency value in
Hertz,

EXAMPLE: FR 2 3.0E6
This statement defines a freauency number 2 of 3 MHz,

Associated with each frequency is the peak amplitude of its
in-phase and quadrature voltages. These are provided on AMP data
cards of the following general form:

AMP Real Imag
The characters AMP identify the statement as an amplitude
definition, “Real” and "Imag" represent the (signed) decimal
values of the peak amplitudes of the in-phase and gquadrature
voltages respectively.

EXAMPLE: FR 2 3.0E6

AMP 5.0 0.0
This seguence defines freguency number 2 generating 3 MHz with a
5 volt in-phase amplitude and no quadrature component.
The amplitude card must immediately follow the frequency

card with which it is associated. As a default, if an AMP card
2-20



is omitted, a one-volt in-phase generator with no quadrature
component will be assumed for the preceeding frequency.

The final specification of a generator 1is its Thevenin
impedances. These are provided on IMP cards which follow all the
FR and AMP cards of a given generator. There must be one IMP
card for each frequency combination at which the circuit is to be
analyzed. For n defined generator frequencies, there will be
2"-1 frequency combinations, and therefore, 21 impedances. The
general form of the IMP card is as follows:

IMP Real Imag Combination
The characters IMP identify the statement as an impedance
definition., "Real® and "Imag" represent the real and imaginary
components of the generator impedance in decimal form,
"Combination" represents an integer value which denotes the
frequency combination at which the impedance is applicable. This
value is determined as follows: If the frequency value under

consideration is f1+f2+f3. then the frequency combination is 123.

EXAMPLES: IMP 80, 40. 1
IMP 8eo. 40. 2
IMP 70. 0. 3
IMP 100, 1d0. 12
IMP 75. 10. 13
IMP 75. 10. 23
IMP 70, 87.5 123

This sequence defines the impedances for all possible frequency
combinations of a three-tone generator, where the frequencies are
FR 1, FR 2, and FR 3.

As a default, if the generator impedance is constant for all
frequency combinations, then only one IMP card need be used, and

the combination parameter is left blank. This option is used
2=-21
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wvhen a standard signal generator is the source. In this
instance, the impedance is the generator's impedance, typically
S0 ohms, and the single IMP card would be:

IMP 50. 0.
As a default for an "ideal" source, the value of the constant
impedance should be as close to one as possible.

In summary, the complete definition of an independent
voltage source requires: a " GENERATOR card and a'NODB data
card; n-pairs of FR/AMP cards, one pair for each defined
freguency; and 2"-1 Imp cards, one for each possible frequency
combination. An example of a three-tone generator definition
follows:

* GENERATOR

NODE 5 7

FR 1 500.E3

AMP 1.0 0.0

FR 2 500.E3

AMP .707 707

FR 3 =-250,E3

AMP +636 772

IMP 8a. 40, 1
IMP 80, 40. 2
IMP 70, e. 3
IMP 120. 190. 12
IMP 75. 10. 13
IMP 75, 10, 23
IMP 70. 87.5 123

It is important to remember that the order of analysis which
the program will carry out is equal to the total number of
defined freguencies in the circuit (see Section 1.2.2). In the
case where several generators are used, each with its own
distinct frequencies, then the order of analysis will be the
total number of all such frequencies for all generators.

In general, 2 "_1 nonlinear transfer functions will be
2-22
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computed for a circuit with n defined frequencies. Therefore, if
n'th harmonic analysis is desired, there must be n defined
frequencies in the circuit. Each FR data card will contain the
fundamental frequency value, with each one being assigned a
different frequency number. For example, a second harmonic
analysis of a frequency of 1 MHz would require the following FR

cards:

FR 1 1.0E6
FR 2 1.0E6

A third-order intermodulation of two tones at 1 MHz and 1.5

MHz, where the product of interest is 2f1—f2, would require the

following:
FR 1 1.0E6
FR 2 1.0E6
FR 3 -10586

By using an expanded version of the FR data statement the

analyst maylspecify a frequency sweep. This feature allows the

user to define multiple analyses of a given circuit over a range
of generator frequency values in a single computer run, The
general form of the swept FR statement is:

FR Number Start Stop Steps Type
The characters FR identify the statement as a frequency
definition. "Number” is the user-assigned freguency humber
described previously, "Start" and "Stop" represent the initial
and terminal values of the frequency sweep in decimal form,
"Steps" represents an integer value defining the number of times
the freguency value 1is to be incremented (hence it defines the

number of analyses to be performed). "Type" is an alphabetic
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datum, either LIN or LOG, which indicates whether the increment
is to be linear (additive) or logarithmic (multiplicative).

EXAMPLE: FR 3 1.0E6 5.06E6 5 LIN
This statement defines a sweep of frequency number 3 to begin at
1 MHz and proceed 1linearly through five analyses until the
frequency value reaches 5 Miz.

It should be noted that the "Step" parameter defines the
number of times the circuit is to be analyzed rather than the
value of the increment. For linear sweeps the increment is '
automatically calculated by the program according to the

expression:
Stop - Start

Increment =

Steps - 1
For logarithmic sweeps the increment is:
1
Stop Steps~-1

Increment =
Start

In determining the appropriate value for the “Step"
parameter, the analyst should be aware that the Start and Stop
values each count as a step. For example, if two analyses are
desired, first at 1 MHz and then at 3.5 MHz, the FR sweep
specification would be:

FR 3 1,0E6 3.5E6 2 LIN

It is possible to define several simultaneous frequency

sweeps. For example, the sequence:

FR 1 1.0E6 5.0E6 5 LIN
FR 2 -.5E6 -4,5E6 5 LIN

2-24



defines a simultaneous 5-step sweep in which the second-order
frequency value (f 1+£ 2) is the constant .5 MHz, Multiple

frequency sweep specifications always result in simultaneous

increments of the frequency values involved, That is, at the
beginning of each analysis, all frequencies for which sweeps have
been defined will be incremented simultanéously. Using the
previous example as an {llustration, the resulting frequency

values used at each iteration (or analysis) are tabulated below:

ITERATION FR 1 FR 2
2 2,0E6 -1.5E6
3 3.0E6 -2.5E6
4 4,0E6 ~-3.5E6
) 5.0E6 -4.5E6

When simultaneous frequency sweeps are used, each having a
different "Step"™ parameter, then the largest defined “Step"
parameter will determine the number of analyses to be performed.
As the analyses proceed, each frequency value will be incremented
until its "Stop" value has been reached. Once the Stop value has
been reached, that frequency will remain constant until all

defined sweeps have been satisfied. For example:

FR 1 1.0E6 6.0E6 6 LIN
FR 2 -.5E6 -3.5E6 4 LIN
FR 3 19.E6
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The first tone will assume six values from 1 MHz to 6 MHz; the
second will assume fout values from =-.5 MHz to -3.5 MHz (notice
that this sweep runs backwards); and the third tone, for which no
sweep has been defined, will remain constant through all analyses
at 10 MHz. The resulting frequency values for each iteration

will be as follows:

ITERATION FR 1 FR 2 FR 3
I . = SEG Ii’.gg
2 2.0E6 -1.5E6 10.E6
3 3.0E6 -2,5E6 10.E6
4 4.0E6 -3.5E6 12.E6
S 50086 -3.586 10.86
6 6.0E6 -3.5E6 19 .E6

The user should be cautious not to confuse the multiple
analyses resulting from freauency sweeping with the order of
analysis of a circuit. For each iteration of a freauency sweep,
the nonlinear transfer functions are computed for all possible
freauency combinations. 1In the case of the three~tone generator
in the preceeding example, six complete circuit analyses are
performed, each at 23-1 = 7 possible frequency combinations. The
output of such a computer run would contain 42 nonlinear transfer
functions.

In general, by the appropriate use of frequency sweeping and
constant frequency values, the analyst is able to create a wide
variety of circuit excitations. Due to present program
limitations, only one generator in a circuit may use swept
frequencies. This restriction is discussed again in Section
3.6.2 which deals with the technique of frequency modification
and suggests a possible method for circumventing this limitation.

One final point must be made concerning frequency sweeping.
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It will be shown in Sections 3.4 and 3.6 that linear component
swezping and e'ement modification result in numerous circuit
analyses similar to those arising from freguency sweeps. In the
case where frequency sweeping is used together with linear
component sweeping and/or element modification, the frequency
sweep is non-destructive. That is, the circuit is first analyzed
over the entire range of defined frequency sweeps; if additional
analyses are required due to linear component sweeps or element
modification, all frequency sweeps are re-initialized at their
starting values and executed again each time a circuit
modification 1is encountered. 1In this way, circuits are analyzed

for all desired element values over the complete frequency range.

3.3.2 Linear Dependent Sources

NCAP recognizes four types of linear dependent sources:

1) Voltage dependent Current source (VC)
2) Voltage dependent Voltage source (VV)
3) Current dependent Current source (CC)
4) Current dependent Voltage source (CV)

In NCAP language the definition of any 1linear dependent source:

beging with an * control statement followed by an expanded NODE

card:

* LINEAR DEPENDENT SOURCE
NODE XX Yy a b

The * LINEAR DEPENDENT SOURCE statement indicates that all cards
between it and the next * control card describe a linear
dependent source. The NODE card differs from the standard node

definition since two pairs of nodes must be specified in order to
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define both the nodes of dependence as well as the nodes of
connection of the source. ‘The integer values xx and yy define
the nodes upon which the source is dependent. The integer values
a and b define the nodes between which the source is connected.
The definition of a linear dependent source includes the

identification of the type of dependence and type of source as
well as the real and imaginary parts of the complex scale: factor
by which the magnitude and phase angle of the source is to be
altered. These data are input on a free form parameter card of
the following general form:

vC {

Vv Real Imag

ccC
cv

The alphabetic characters identify the type of dependence and )
source (V for voltage, C for current), where the first character
represents the type of dependence‘ and the second character
represents the type of source. "Real" and "Imag" are the real
and imaginary parts of the complex scale factor expressed in
decimal format. At least one of these values must be nonzero.
Because of the inherent properties of complex numbers, care
must be taken in selecting the proper values for the scale
factor. For example, sdppose a voltage dependent voltage gsource
is to be connected between nodes 3 and 4, with dependence upon
nodes 6 and 9. Furthermore, the voltage at (3,4) is to be 3
times the voltage at (6,9), while the phase angle at (3,4) is to

be the same as that at (6,9). The following NCAP statements

would be used:

2-28

e A ]



A

* LINEAR DEPENDENT SOURCE

NODE 6 9 3 4
Vv 3.0 0.0

If the scale factor were defined with Real = 3., and Imag = 3.,
the resulting voltage at (3,4) would be approximately 4.2 times
that at (6,9), and the phase angle would be the phase angle at

(6,9) plus the phase angle of the scale factor (in this case +45

o

degrees).

When current dependent sources (CC or CV) are being
specified, a parallel resistor, capacitor, inductor combination
through which the dependent current flows must be defined. These
component values are input on R, C, and/or L parameter cards

which follow the CC or CV card:

- =

R Value
C Value
L Value

The R, C, and L denote a resistor, capacitor, or inductor
respectively. The "vValue" parameter is a decimal number
expressed in Ohms, Farads, or Henries, The current dependent
linear source models require that at least one of these
components must be nonzero. If the current does not flow through
all three of the components then the unused components may be
eliminated from the input deck.

A summary of the complete definition of the four tvpes of

linear dependent sources follows:
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1) Voltage dependent Current source
* LINEAR DEPENDENT SOURCE

NODE XX Yy a b
\'[o Real Imag

2) Voltage dependent Voltage source
* LINEAR DEPENDENT SOURCE

NODE xX Yy a b
\'A" Real Imag

3) Current dependent Current source
* LINEAR DEPENDENT SOURCE
NODE xx YY a b
cC Real Imag
R Value
C Value
L Value

4) Current dependent Voltage source
* LINEAR DEPENDENT SOURCE

NODE xx Yy a b
cv Real Imag

R vValue

o Value

L Value

3.3.3 Nonlinear Dependent Sources

NCAP recognizes four types of nonlinear dependent sources:
1) Voltage dependent Current source (VC)
2) Voltage dependent Voltage source (VV)
3) Current dependent Current source (CC)
4) Current dependent Voltage source (CV)
In NCAP 1language the definition of a nonlinear dependent source
begins with an * control statement followed by an expanded NODE
card:

* NONLINEAR DEPENDENT SOURCE
NODE XX Yy a b

The *NONLINEAR DEPENDENT SOURCE statement indicates that all
cards between it and the next * control card describe a nonlinear

dependent source. The NODE card differs from the standard node
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definition since two pairs of nodes must be specified in order to
define both the nodes of dependence as well as the nodes of
connection of the source. The integer values xx and yy define
the nodes upon which the source is dependent while the integer
values a and b define the nodes between which the source is
connected.

The definition of a nonlinear dependent source must include
the identification of the type of dependence and the type of
source as well as the power series coefficients which describe
the nonlinearity. These data are input on a free-form parameter
card of the following general form:

vC
A" Coef1 Coef2 ceves Coef

cC
Ccv

10

The alphabetic characters identify the type of dependence and
source (V for voltage, C for current), where the first character
represents the type of &ependence and the second character
represents the type of source. The remaining parameters are the
power series coefficients of the nonlinearity expressed in
decimal form. From one to ten coefficients may be input, and
they can be continued on additional cards from which the
alphabet ic designator is eliminated. zéro coefficient values
must be explicitly defined.

When nonlinear current dependent sources (CC or Cv) are
being specified, a parallel resistor, capacitor, inductor
combination through which the current flows must be defined.

These component values are input on R, C, and/or L parameter
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cards which follow the CC or CV card:

R Value
C Value
L value

The R, C, and L denote a resistor, capacitor, or inductor
respectively. The "Value" parameter is a decimal number
expressed in Ohms, Farads, or Henries. The current dependent
nonlinear source models 'requite that at least one of these
components must be nonzero. If the current does not flow through
all three of the components, then the unused components may be
eliminated from the input deck.
Some examples of nonlinear dependent sources follow:

* NONLINEAR DFPENDENT SOURCE

NODE 6 9 3 4
A .63F-3 .5358-3 .47E-3 .31E-3
.25F-3

This sequence defines a nonlinear voltage dependent voltage
source located at nodes (3,4) and dependent on nodes (6,9). Its
power series is to be carried out to fifth order. Note that the
fifth coefficient is placed on a continuation card fror which the
alphabetic designation VvV has been omitted.

* NONLINEAR DFPENDENT SOURCE

NODE 4 6 5 3

cv S5.3E-3 .0 3.6E-3 2.9E-3
R 1.7E3

L .01

This seauence defines a current dependent voltage source located
at nodes (5,3) and dependent on nodes (4,6). Its power series is
to be carried out to fourth order, but the second order
coefficient is zero. The éependent current flows through a

parallel resistor/inductor combination. This source does not
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involve a parallel capacitor.

3.4 Components

3.4.1 Linear Components

NCAP recognizes three linear componenés: the resistor,
capacitor, and inductor. Linear components are defined by the
control statement:

* LINEAR COMPONENTS
This statement 1is followed by a series of data statements which
define the connection of specific teéistors, capacitors, and/or
inductors between pairs of circuit nodes. These data cards have
the following general form:

R

o XX Yy value
L

The R, C, or L denote a resistor, capacitor, or inductor. xx and
yy represent the integer node numbers between which the linear
component is connected. The “value" parameter is a decimal

number expressed in Ohms, Farads, or Henries.

EXAMPLE:

* LINEAR COMPONENTS

C 1 2 6.6E~9
R 2 3 20.2E3
L 2 0 3.E-9
R 3 0 .01

The parameters on the R, C, and L data cards are expressed
in free-form. The node yy may be the reference or ground node by

explicitly numbering it zero. The ncde xx cannot be zero.
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A single *LINEAR COMPC ENTS card sequence may be used to
define as many as 50 linear components. Any number of such card
sequences may be used in a circuit description. Their placement

within the input deck is arbitrary.
By using an expanded version of the R, C, and L data cards,
a linear component sweep(s) may be defined. This feature allows
the analyst to spgcify multiple analyses of a circuit over a
range of component values in a single computer run. The'general
form of the swept linear component data card is:
R

C XX Yy Start Stop Steps Type
L

The R, C or L and the node parameters (xx and yy) are identical
to tpose of the standard linear component definition. The
“start", "Stop", "Step", and "Type" parameters are the same as
those used in fregquency sweep specifications (see Section 3.3.1).
An exanple of a resistor sweep follows:
R 2 3 45. 55. 11 LIN

In this case, the circuit will be analyzed 11 times, with the
resistor connected between nodes 2 and 3 varying linearly from 45
Ohms to 55 Ohms.

Several linear components may be swept simultaneously, with
the largest "step" parameter determining the total number of
circuit ahalyses to be performed. For example,

LINEAR COMPONENTS

"
R 2 3 45. 50. 6 LIN
c 1 2 6.6E-9 -

L 2 0 3.E-9 5.E~9 3 LIN

A total of six circuit analyses would result with the following

2-34



element values:

ITERATION R12f3l Cglég) L§2£.2

2 ‘6. 6068-9 ‘08-9
3 ‘7; 6068-9 5.5"9
4 ‘8. 606E-9 5.8-9
5 ‘9. 6063-9 5.5-9
6 500 6065"9 SOB-g

Since the resistor sweep has the largest "step" parameter, {t
determines the total number of circuit analyses. The capacitor,
for which no sweep is defined, remains constant throwghout all
analyses at 6.6E-9. The inductor teaches 1its "stop" value at
iteration 3 and remains constant at 5.E-9 for the remaining
analyses,

Linear componené sweeping is destructive. Once such a sweep
has been satisfied, the value of the swept component will remain
constant at its "stop" value for any subsequent circuit analyses.
Section 3.6.1, which deals with linear component modification,
presents a method for re-initiating component sweeps.

In some instances it may be desirable to vary both linear
component and frequency values, resulting in several levels of
sweeping. When this occurs, the total number of circuit analyses
performed will be the product of the maximum frequency "steps"
and maximum component "steps". Analyses will be performed across
the range of the largest frequency aweep, using the "start"
values for swept linear components. After the entire frequency
sweep has been satisfied, component values will be incremented,
frequency sweeps re-initialized, and the analyses performed again
across the range of freguencies, This procedure of component
increment/freguency initialization will continue until all
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component sweeps have been completed.
For example, consider the following circuit definition:

* START CIRCUIT

* GENERATOR

NODE 1 0

FR | 1.0E6 5.08E6 5 LIN
FR 2 3.0E6

IMP 50. e.
* LINEAR COMPONENTS

C 1 2 6.6E-9
R 2 k| . 20.2E-3
R 3 e 10. 20. 2 LIN
. . . (Additional circuit elements)
* END CIRCUIT

* END

The resulting iterations and values would be:

ITERATION FR 1 8{3,6)
I I.E‘ [ ]
2 2.E6 10.
3 3.E6 10.
4 4.E6 18.
5 5.E6 10,
6 1.E6 20,
7 2.E6 20.
8 3.E6 20.
9 4.E6 20.

10 5.E6 20.

Note that the total number of circuit analyses (iterations)
performed 1is egual to the product of maximum frequency steps
times maximum component steps (5 x 2 = 10). The values of
frequency number 2 as well as C(1,2) and R(2,3), for which no
sweeps have been ‘defined, remain constant throughout all
analyses. In iterations 1 through 5 the freauency sweep is
performed with the value of R(3,0) constant at its initial sweep
value. At ijteration 6, the f;equency sweep has been satisfied.
At this point R(3,0) is incrémented, and the frequency sweep is

initialized at its starting value of 1.E6. Iterations 6 through
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10 reanalyze the circuit over the range of the fregquency sweep
for the new resistor value. At iteration 10, the resistor sweep

has been satisfied and the analyses terminate.
3.4.2 Nonlinear Components

NCAP recognizes three nonlinear components:- the resistor,
capacitor, and inductor. Nonlinear components are defined by use
of the control statement:

* NONLINEAR COMPONENTS
followed by a series of data cards which define the connection of
specific nonlinear resistors, capacitors, and/or inductors
between pairs of circuit nodes. These data cards have the

following general form:

ool -]

XX Yy Coef Coef , A Coef10

The R, C, or L denote a resistor, capacitor, or inductor
respectively. xx and yy represent the integer node numbers
between which the nonlinear component 1is connected. The
remaining parameters are the decimal coefficients which describe
the nonlinearity (See Volume I, Section II, Equations 2.,3-1,
2.3-2, 2.3-3 for R, C, L respectively). From one to ten
coefficients may be input and they may be continued on additional
cards from which the R, C, or L designation is omitted. Zero

coefficient values must be explicitly defined.
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EXAMPLE

* NONLINEAR CCMPONENTS

R )| 2 1,7E3 2.0E3 2.4E3 2.9E3
C 4 0 1.2E-6 1.4E-6 1.7E-6 2.1E-6
L 5 6 .21 .24 .29 .37

The parameters on the R, C, and L data cards are expressed in
free-form, The node vyy may be the reference or ground node by
numbering it zero. The node xx cannot be zero.

A single * NONLINEAR COMPONENTS card seocuence may be used to
define as many as 10 nonlinear components. Any numbef of such
card seauences may be used in an NCAP circuit definition., Their

placement within the input deck is arbitrary.

Mathematical models for six devices have been incorporated
in the NCAP prograrm and are automaticallf called for by the
appropriate * control card.

The input carcd seauences which are reocuired to define device
models are similar to each other. They consist of an * control
statement, which identifies the desired element: a NODE card,
which provides node numberina information: and one or more
parameter cards, which provide the various values required to
complete the definition of the device.

Specific data reouirerents for each device are presented in
detail in the subsections which follow. The nunter of parameters
needed varies with each device, but in general they are decimeal
values expressed in free-form. Successive parameters. separated

by one or more blanks, may be input on as many cards as the user

2-38




feels are necessary. They must, however, be input in the order
in which they are 1listed in the following subsections. It is
important to remember that parameters whose values are zero must
te explicitly input as zero.

Any nurber of device card sequences may be contained in
given circuit cdefinition, and they may appear anywhere 1in the

input deck.

The vacuum diode model uses the generalized 3/2 power law.
It is represented as a two-node device whose location in the
circuit is defined by the user-assianed plate and cathode node
numbers.
The card secuence necessary for the complete definition of a
vacuum diode is:
* VACUUM PIODE
NOCF X X Yy
- 3 parameters -
The * VACUUM NIODF statement indicates that all cards between it
and the next * control card describe a vacuumr diode. The plate
and cathode node numbers are specified on the NODF card by the
integer values xx and vyy. The two node numbers need not be
seauential. The three parameters reauired to complete the

definition of a vacuum diode are:
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PARAMETER PARAMETER NAME DESCRIPTION
1 G Perveance
2 EB Operating point plate
voltage
3 C Plate-cathode capacitance

3.5.2 Vacuum Triode

The vacuum triode model uses the generalized 3/2 power law.
The node numbering convention for the triode is built into the
model, such that its location in the circuit is defined by giving
the number of the grid node, xx. The remaining nodes are
autonmatically assigned by the program as follows:

xx + 1 Plate
XX + 2 Cathode

The card sequence necessary for the complete definition of a
vacuum triode is:

* VACUUM TRIODE

NODE XX

- 9 parameters -
The * VACUUM TRIODE statement indicates that all cards between it
and the next * control statement describe a vacuum triode. The
qrid node 1is defined by the integer value xx on the NOCE card.
The nine parameters required to complete the definition of the

vacuum triode are as follows:
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W PARAMETER PARAMETER NAME
1 G
o
2 M
3 E
cmax
6 :
7 Cok
8 c
Pg
9 )
()
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DESCRIPTION

Perveance for grid voltage
= 0

Control grid , ; an ampli-
fication factor dependent
upon geometry

Grid voltage for perveance
= 0

Operating point grid vol-
tage

Operating point plate vol-
tage

Of fset voltage due to
space-charge effects
Grid-cathode capacitance
Plate-grid capacitance

Plate-cathode capacitance



3.5.3 Vacuum Pentode

The vacuum pentode model uses the generalized 3/2 power law.
The node numbering convention for the pentode is built into the
model, such that its location in the circuit is defined by giving

the number of the grid node, xx. The remaining nodes are

automatically assigned by the program as follows:

xx + 1 Screen
xx + 2 Plate
xx + 3 Cathode

The card seaquence necessary for the complete definition of a

vacuum pentode is:

* VACUUM PENTODE

NODE XX

- 12 parameters -
The * VACUUM PENTODE statement indicates that all cards between
it and the next * control statement describe a vacuum pentode.
The grid node 1is defined by the integer value xx on the NODE
card. The 12 parameters required to complete the definition of

the vacuum pentode are as follows:

PARAMETER PARAMETER NAME DESCRIPTION
1 Go Perveance for grid voltage
= 0
2 m Control grid y ; an ampli-

fication factor dependent
upon geometry
3 D Civigion constant; see note

bolaw
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9
10
11
12

Gl

max

G2

Ep
€ o
c

Py

Cpk

Constant<<l; on the order
of 0.2

Operating point grid voltage
Grid voltage for perveance

= @

Offset voltage due to space-
charge effects

Operating point screen vol-
tage

Operating point plate voltage
Grid=-cathode capacitance
Plate-grid capacitance

Plate-cathode capacitance

Note: The division constant, D, is defined as follows:

where, i
i
e

e

N OO

i
b
D=1;

= plate current
's gcreen current
= plate voltage

= gcreen voltage

b
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3.5.4 Semiconductor Diode

The semiconductor diode is an internodal device, whose
location in the circuit is defined by the user-assigned node
numbers xx and yy. The semiconductor diode may be either
forward-biased or reverse-biased. Therefore it has two
represgntations in the NCAP language. For either type, however,
a standard * control and NODE card sequence is used:

*SEMICONDUCTOR DIODE
NODE XX Yy

The * SEMICONDUCTOR DIODE statement indicates that all cards
between it and the next * control card describe a semiconductor
diode. The plate and cathode node numbers are defined by the
iﬁteger values xx and yy on the NODE card. The two nodes need
not be numbered seguentially. The device may be grounded by
explicitly defining node "yy" to be zero. Node "xx" cannot be
zero.

The forward-biased diode is represented by an exponential
resistive nonlinearity in parallel with a diffusion capacitance.
To complete the definition of a forward-biased semiconductor
diode, an FB data card is recuired, followed by four parareters.
The characters FB on the data card indicate that the forward

biased option is to be used. The four parameters are as follows:

EARAMBTER PARAMETER NAME DESCRIPTION
1 Ip Bias current
2 n Non-ideality factor
3 Cj Forward-biased junction
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capacitance, extrapolated
to zero current
4 C'j Derivative of junction bias
with respect to current
The reverse-biased diode is represented by a varactor, or
nonlinear capacitor, in parallel with a resistor. To complete
the definition of a reverse-biased semiconductor diode, an RB
data card is required, followed by four parameters. The
characters RP 1ndicatg that the reverse-biased option is to be

used. The four parameters are as follows:

PARAMETER PARAMETER NAME DESCRIPTION

1 Vp Magnitude of the bias vol-
tage

2 K Varactor capacitance at 1
volt reverse bias

3 U See note

4 R Reverse-bias leakage resis-
tance

Note: The parameters V and MU are related to the varactor

capacitance, C(V), by the following expression:

c(V) = va‘“

3.5.5 Bipolar Junction Transistor

The bipolar junction transistor is modeled as a nonlinear T.
The node numbering convention for the transistor is built into
the model, such that its location in the circuit is defined by
giving the number of the external base terminal, xx. The
reraining nodes are automatically assigned by the program as
follows:
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xx+] Internal Junction
Xx+2 External Collector
xx+3 External Emitter

The card sequence necessary for the complete definition of a

pipolar junction transistor is:

* TRANSISTOR

NODE XX

- 16 parameters -
The * TRANSISTOR statement indicates that all cards between it
and the next * control statement describe a bipolar junction
transistor. The external base node is defined by the integer
value xx on the NODE card. The sixteen parameters required to

complete the definition of the transistor are as follows:

PARAMETER PARAMETER NAME DESCRIPTION
1 n Avalanche exponent
2 vCB Collector-base .bias voltage
3 VCBO Avalanche voltage
4 u Collector capacitance expo-
nent
) IC Collector bias current
6 ) ¢ Collector current at maximumr
Crnax
C.C. current gain
7 a hFE nonlinearity coefficient
8 hee Maximumr D.C. current gain
max
9 K Collector capacitor scale
factor
19 n Piode nonideality factor
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11 €. Base-emitter junction space

je
charge capacitance

12 c'y, Derivative of base-emitter
diffusion capacitance

13 Ty Base resistance

14 r. Collector resistance

15 ¢, Base-emitter capacitance

16 C, Base-collector and overlap

capacitance

3.5.6 Junction Field Fffect Transistor

The Jjunction field effect transistor (JFET) is a three-node
device. The node numbering convention for the JFET is built into
its model such that the location of the device in a circuit |is
defined by giving the number of the gate node, xx. The remaining

nodes are automatically numbered by the program as follows:

xx + 1 Drain
xx + 2 Internal Node
xx + 3 Source

The JFET nonlinearities may be expressed either as power
series coefficients or as parameters for the analytic generation
of the device's nonlinearities. Consequently, the JFET has two
represenctations in the NCAP language. For either cption,

however, the following card sequence must be used:

*JFET
NODPE XX
CONSTANTS Cep Rg
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The *JFET statement indicates that all cards between it and the
next *control statement describe a Jjunction field veffect
transistor, The gate node is defined by the integer value xx on
the NODE card. The CONSTANTS (this may be abbreviated to CO)
data card alerts the proqram that the two decimal values to
follow are the constants Cap (gate-drain capacitance) and Rg
(source resistance).

If the power series coefficients are to be input (rather
than analyticelly generated) they are defined on RP and CP data

cards which have the following general form:

PP R B

1 2 RS Y
CP Cl C2 cooClo

P

The @haracters BP or CP indicate that the decimal values which
follow are P or C parameters respectively. The BP or CP is
followed by from one to ten R or C decimal coefficients expressed
in free-form. The coefficient values may all be placed on the BP
or CP card or they may be continued on additional cards, in which
case the characters PRP or CP are omitted from the continuation
cards.

The R parameters arc¢ experimentally determined power series

coefficients in the equation:

[\ \J

R = Vd = ) B_R

a g, m Lv

-1

where Var© drain voltage
id = drain current

RL = gnall resistive load
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the C . parameters are power series coefficients which

characterize the nonlinear gate to source capacitance, C

GS
These C coefficients can be determined. by measuring the

gate-source capacitance as a function of the gate-source voltage,
and performing a power series expansion around the operating
point.

In sunmary the complete definition of a junction field
etfect transistor, for which the nonlinear coefficients are

input, requires the following NCAP card sequence:

. JFET

NODE XX

CONSTANTS CGD RS
np - one to ten B coefficients -

ce - one to ten C coefficients -

If the analytic generation of coefficients is desired, an AC
data card followed by eight decimal parameters is used. The
characters AC indicate that the decimal values which follow are
the parameters reauired for the analytic generation of
coefficients. The ecight parameter values may all be placed on
the AC card or they may be continued on additional cards, in

which case the characters AC are omitted from the continuation

cards. The required parameters are defined as follows:

~ PARAMETER PARAMETER NAME DESCRIPTION
1 Iy Drain current at maximum D,.C.
max
2 Y Saturated drain current
Farameter
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3 Vp Pinch-off voltage

4 ¥ JFET barrier potential

) VGS External gate-source voltage

6 K See note

7 m Asymptotic slope of C(V'GS)
on logarithmic plot. See
note

8 Vg Cate-source capacitor's built
in voltage

Note: The gate-source capacitance, Cog + Can be represented

analytically by the eguation:

-m
c(v = K (|v, + AP

‘as!

where the zero-bias valuve of the capacitance is i(/lvol"m
In summary, the complete definition of a junction field
effect transistor (for which the nonlinear coefficlients are to be

analytically generated) requires the following NCAP card

seguence
* JFET
NODE XX
S
CONSTANTS CGD RS
AC -eight parameters -
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3.6 Solution Modification

In many modeling applications it is desirable to rerun a
circuit analysis with certain element values changed to determine
the circuit sensitivity to element wvariation. In the NCAP
system, solution modification is performed by means of the modify
feature. This allows certain element values to be changed and
the circuit automatically re-analyzed. Modification is initiated
by the following control statement:

* MODIFY

The * MODIFY statement indicates that all cards between it and
the next * control card define a modification of the element
defined in the previous * control seguence. Therefore, the
*MODIFY card must immediately follow the definition of the
circuit element it affects. It in turn is followed by R, C, or L
data cards for linear or nonlinear component modification, FR and
AMP data cards for frequency modification, and device parameter
cards for nonlinear element modification.

In order to redefine a given circuit element several times,
its original definition may be followed by several * MODIFY card
sequences. Multiple modifications are performed seguentially.
For example, if a transistor definition is followed by two

modifies, three complete <circuit analyses will be performed:-

‘fitst with the original transistor, then with the transistor
defined by the first * MODIFY, and finally with the transistor
defined by the second * MODIFY.

If more than one circuit element 1is followed by modify
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specifications, all such elements will undergo modification
simultaneqpsly acco:ding~ to the first set of modifies, then
according to the second set and so forth.

Solution modification is used only for changing circuit
element values. Circuit topology, or the interconnection of
elements between nodes, cannot be altered. Furthermore, in order
for an element to be modified, it must have been defined in the
original circuit. New elements cannot be added by using the

modify feature.

3.6.1 Linear Component Modification

* An * MODIFY card followed by R, C, and/or L data cards will
cause linear component values defined in the brevlous * LINEAR
COMPONENTS secquence to be modified. The contents of the R, C, or
L data cards in the modify sequence must be identical to those in
the original circuit definition, except that component values are
changed to reflect the desired modification(s):

* LINEAR COMPONENTS

R 1 2 2.0E3
C 2 3 6.6E-9
L 2 ) 3.E-9
* MODIFY

R 1 2 5.0E3

The original circuit definition includes a 2K resistor between
nodes 1 and 2. The * MODIFY sequence indicates that the original
circuit has been completely.analyzed, the resistor value is to be
changed to 5K and the circuit re-analyzed.

Any or all of the components defined in the * LINEAR
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COMPOMENTS* sequence can be redefined with a single modification.
Components which are to remain constant need not be included in

the * MODIFY seaquence. For example:

* MODIFY
C 2 3 10.E-9
L 2 0 71.0E-9

would change both the capacitor and inductor, while:

* MODIFY

R 1 2 5.0E3
€ 2 3 10.€-9
L 2 0 7.0E-9

would cause redefinition of all linear components defined in the

previous * LINEAR COMPONENTS seauence.

Multiple modifies may follow a single linear components

definition:
* LINEAR COMPONENTS
R 1 2 2.0E3
C 2 3 6.6E-9
L 2 ] 3.0E-9
* MODIFY
R 1 2 5.0E3
* MODIFY
(o 2 3 10.E-9
L 2 Q 7.0E-9

This sequence would produce three circuit analyses, with the two
modifications being performed seaquentially. Component values for

each iteration are tabulated below:

ITERATION P(1,2) Cc(2,3) L(2,0)
5.053 g.aﬁ‘g !ouE-g

2 5.0E3 6.6E-9 3.0F-9

2 S.0E3 10.E-9 7.0E-9

If linear component sweeping and modification are used
together, a variety of results may be obtained. The * MObIFY
secuence can be used to hold a previously swept component
constant or vice versa:
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* LINEAR COMPONENTS

R 1 2 - 1.0E3 10.E3 10 LIN
C 2 3 6.6E-9

* MODIFY

R 1 2 50.

C 2 3 6.0E-9 7.E-9 11 LIN

)

The original component definition includes a resistor sweep and a
constant capacitor value. The modification causes the previously
swept resistor to remain constant while the capacitor sweeps.
Modification can also be used to redefine 1linear component
sweeps, to change the value of the increment, or to skip over

particular element values which are not of interest in the

analysis:
* LINEAR COMPONENTS
R )| 2 1.E3 10.E3 10 LIN
* MODIFY
. R 1 2 20.E3 190.E3 5 LIN

In this case, the resistor first sweeps from 1K to 16K in ten
steps, then from 20K to 190K in 5 steps.

Since linear component sweeping is destructive, any circuit
analyses which occur after such a sweap has been satisfied, will

treat the value of the subject component as a constant. For -

example:
*LINEAR COMPONENTS
R 1 2 1.K3 10.E3 10 LIN
o 2 3 6.6E-9
* MODIFY
C 2 3 16.E-9

In the original definition, the resistor sweeps from 1K to 10K,
with the capacitor value remaining constant at 6.6E-9. After the
tenth analysis has been éombleted and the resistor sweep
satisfied, the modification is performed.

The result is a single re-analysis, with the resistor at 10K
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(the "stop"” value of the sweep) and the capacitor at the modified

value of 10.E-9.

With the proper use of the modificatioﬁ feature,
can reinstate a previous linear component sweep so0 as
its destruction. For example:

* LINEAR COMPONENTS

R 1 2 1.E3 10.E3 10
c 2 3 6.6E9

* MODIFY

R 1 2 1.E3 10.E3 10
C 2 3 10.E-9

This card seaquence would result in 20 analyses 1in

capacitance is analyzed for each of the ten resistive

3.6.2 Nonlinear Component Modification

-

An * MODIFY card followed by R, C, and/or L data cards will

cause nonlinear component power series coefficients

the previous * NONLINEAR COMPONENTS sequence to be modified.

contents of the R,

must be identical to those in the original circuit,

except

the analyst

to override

LIN
LIN

which each

values.

defined in
The

C, and L data cards in the modify sequence

that

the coefficient values are changed to reflect the desired
modification(s) -

* NONLINEAR COMPONENTS

R 1 2 1.7E3 2.0E3 2.4E3 2.9E3

C 4 ) 1.2E-6 1.4E-6 1.7E-6 2.1E-6

L 6 4 .21 .24 .29 .37

* MODIFY

L 6 4 .35 .37 .41 .45
In the original circuit the inductor between nodes 6 and 4 is
defined in terms of the fourth order power series coefficients
.21, .24, .29, and .37. The * MODIFY sequence indicates that
after the original circuit has been analyzed, the coefficient
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values for the inductor are to be changed to .35, .37, .41, and
.45 and the circuit re-analyzed.

As with linear components, any of all of the components
defined in the * NONLINEAR COMPONENTS sequence can be redefined
with a single modification. Components which are to remain
constant need not be included in the * MODIFY sequence (see

Section 3.6.1).

3.6.3 Freguency Modificatior

An * MODIFY card followed by FR and AMP data cards will
cause frequency and amplitude values defined in the previous
*GENERATOR sequence to be modified. Impedance values cannot be
modified.

An example of a frequency modification follows:
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* GENERATOR

NODE 1 0

FR 1 10.E6
FR 2 -5.E6
IMP 50. e.

* MODIFY

FR 2 20.E6
AMP 5. 0.

The original aenerator definition specifies two tones, at 10 Miz
and -5 MHz, each using the default amplitude. In the modified
generator, fregquency number 1 remains unchanged, while frequency
number 2 changes to 20 MHZ with an amplitude of 5 volts in-phase
and zero quadratuge component.

Any or all of the frequencies and amplitudes (whether -
explicit or default) defined in a given * GENERATOR sequence can
be changed with a single modify specification. The modified FR
cards must be identical to those appearing in the original
generator definition, except that the frequency values are

changed to reflect the desired modifications. Frequencies and

amplitudes which are to remain unchanged need not appear in the

.*MODIFY sequence.

Since FR and AMP data cards are used in pairs, if ' an
amplitude is to be modified, bLoth the FR and AMP cards must
appear in the mbdify sequence. If only the frequency value is to

re changed, the associated AMP card may be omitted. For example:

* GENERATOR

NODE 1 0

FR 1 10.E6
FR 2 5.E6
AMP 5. a.
IMP 50. 0.

* MODIFY

FR 1 18.€6
AMP S. 0.
FR 2 20.E6
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In this case, although the frequency value for FR 1 does not
change, in order to modify its amplitude, both the FR 1 and AMP
cards must appear in the modify sequence. For fteduency number
2, since only the fregquency value is to be modified the AMP card
is omitted from the modify seguence.

Frecuency sweeping and modification may be used together.
The modify can be used 'to sweep a fregquency value which was
previously held constant or vice versa:

* GENERATOR

NODE 1 2

FR 1 10.E6 50.E6 5 LIN
FR P 5.E6

IMP 50. 8.

* MODIFY

FR 1 100.E6

FR 2 30.E6 60.F6 3 LIN

In the original generator definition, frequency number 1 sweeps
while frequency 2 remains constant. The modified generator
redefines the frecuencies such that FR 1 remains constant while
FR 2 sweeps.

with the appropriate use of frequency modification, the
analyst may redefine fregquency sweeps in order to vary the

increment or to skip over particular freauency values:

* GENERATOR

NODE 1 0

FR 1 10.E6 30.E6 3 LIN
ImMp 50. 0.

* MODIFY

FR 1 35.E6 S0.E6 4 LIN
* MODIFY y

FR 1 70.E6 100.E6 4 LIN

The original generator definition will result in analyses at 13,
20 and 30 MHz. The first modification changes the increment of

the sweep and results in analyses at 35, 4, 45, and 50 MHz. The
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second modification effectively skips over all values between 58
and 7@ MHz and initiates a final sweep for 70, 80, 90 and 100
MRz,

Freauency modification is always appliea after all frequency
and linear component sweeps have been satisfied and after all
other modifies have been completed-

* GENERATOR

NODE 1 e

FR 1 10.E6 20.E6 2 LIN

IMP 50. e.

* MODIFY

FR 1 50.E6

* LINEAR COMPONENTS

R . 2 3 1.E3 3.E3 3 LIN
C 3 0 6.6E-9

* MODIFY

C 3 0 10.E-9

In this case the following sequence of analyses would result:

ANALYSIS FR 1 R(2,3) c(3,0)
1 10.E6 1.E3 6.6E-9
2 20.E6 1.E3 6.6E-9
3 10.E6 2.E3 6.6FE-9
4 20.E6 2.E3 6.6E-9
5 10.E6 3.E3 6.6E-9
6 20.E6 3.E3 6.6E-9
7 16.E6 3.E3 10.E-9
8 20.E6 3.E3 10.E-9
9 50.E6 3.E3 14.E-9

Note that while the resistor sweep is in effect (iterations 1 -
6), each new resistor value cauées an initialization and restart
of the freauency sweep, so that each resistor value 1is analyzed
at every possible frequency value. At iteration 7 the resistor
sweep is complete, the capacitor modification is applied, and the
frequency sweep restarted. Since the resistor sweep is not
redefined by a subseauent modify, the resistor value remains

constant at 3K following the completion of the sweep. At
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iteration 9, all defined frequency and linear component sweeps
and element modifications have been completed and the frequency
modification takes place.

For circuits which contain more than one generator, each of
which undergoes modification, the frequency modifications will be

performed simultaneously in sets:

* GENERATOR

NODE 1 )

FR 1 10.E6
IMP 50. e.

* MODIFY

FR 1 30.E6
* MODIFY

FR 1 S@.E6
* GENERATOR

NODE 10 12

FR 2 40.E6
IMP 75. 0.

* MODIFY

FR 2 60.E6

After the original circuit has been analyzed for ER 1l at 10 MH:z2
and FR 2 at 40 MHz, the first set of modifications will be
performed resulting in an analysis with FR 1 at 30 MHz and FR 2
at 60 MHz. At this point the modifications for FR 2 have been
exhausted and its value remains constant at 60 MHz. PR 1 |is
modified again and a third circuit analysis is performed with FR
1 at 50 MHz and FR 2 at 60 MHz,

Since the analyst is restricted to a single generator with
swept frequencies, care must be taken in the use of frequency

modification for circuits which contain more than one generator:

* GENERATOR

NODE 1 [

FR 1 18.E6 40.E6 4 LIN
Imp S0. 0.

* GENERATOR
NODE 1@ 12
FR 2 S@.E6




C

IMP 75.0 0.
* MODIFY
FR 2 60.E6 108.E6 5 LIN

This modification is illegal because it would result in two
generators having swept frequencies simultaneously. In an actual
NCAP computer run, if such a circuit were input, an error message
indicating the double sweep would be printed and execution of the
program would terminate.

On the other hand, by the proper application of freauency
modification, one generator sweep can be "turned off" allowing
the other generator to assume a sweep legally:

* GENERATOR

NOCE 1 0 :

FR 1 10.E6 40.E6 4 LIN
Ivp 50. 0.

* MODIFY

FR 1 40.E6

* GENERATOR
NODE 10 12

FR 2 SC.E6

IMP 75. g.

* MODIFY

FR 2 60.E6 100.E6 5 LIN

While the origainal generator definitions are in effect, the first
generator sweeps while the second remains constant. The first
modify turns off the sweep for frequency number 1 holding it
constant at 40 MHz, It is then possible to modify the second
generator to sweep without violating the multiple generator sweep
rule. The resulting values for each iteration of frequency are

tabulated below:

ITERATION FR 1 FR 2 FR 1 + FR 2
— 17.E6 50.E6 60.E6

2 20.E6  50.E6 70.E6

3 30.E6 50.E6 80.E6

4 40.E6 SO.E6 90.E6

5 40.E6  60.E6 100.E6

6 40.E6 70.E6 1139.E6
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7 40.E6 80.E6 120.E6
8 40.E6 ~ 90.E6 130.E6
9 40.E6 100.E6 140.E6

Iterations 1 through 4 are the the result of the sweep of FR 1.
After this sweep is satisified the two frequency modifications
are applied simultaneously at iteration 5. The modifications
force FR 1 to be held constant at 40 MHz, enabling FR 2 to assume
a frequency sweep. Iterations 5 through 9 are the result of the
FR 2 sweep.

Note that since there are two defined frequencies in the
circuit, the order of analysis is 2, and there are 22 -] = 3
possible frequency combinations for each sweep iteration.

Therefore, this example would result in a total of 27 nonlinear

transfer functions.

3J.6.4 Dependent Source Modification

An * MODIFY card followed by dependent source pirameters

will cause the parameter values of the dependent source defined

in the previous * LINEAR DEPENDENT SOURCE or * NONLINEAR
DEPENDENT SOURCE card seauence to be modified.
* LINEAR DEPENDENT SOURCE

NODE 6 9 3 4
cv 3.0 0.0

R 1.7E3

L .01

* MODIFY

cv 4.0 0.0

R 3.5E3

C 2.5C=12

The * MODIFY card will cause the scale factor of the current

dependent voltage source located between nodes 3 and 4 to be
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changed from (3.0, 0.0) to (4.0, 0.0). 1In addition, the value of
the parallel resistor is to be changed from 1.7E3 to 3.5E3 and
the parallel inductor 1is to be replacéd by a 2.5E-12 farad
capacitor,

It important to unders;and that the node definitions or type
of dependence or source cannot be altered by the modify feature.
For this reason NODE data cards are never used in the * MODIFY
card sequence and the source type specification (VC, vv, CC, CV)

on modify parameter cards must be the same as that in the

original source definition.

3.6,5 Device Model Modification

An * MODIFY card followed by device  model parameter cards
will cause the device in the previous * control card sequence to
be wodified. All of the device models included in the NCAP
syster (see Section 3.5) can be modified. For example:

* TRANSISTOR

NOCE 12
5.0 8.76 200, 209
195.E-5 .006 1.14 75.
0.0 1.6 0.0 2.80E-9
400, 1.14E6 0.0 1.3E-12
* MODIFY
4.6 8.86 1440, +348
0043 150 .125 8.2
0.0 lcc 9.0 2080E-9
400, 1.0E5 0.0 1.5e-12.

The * MODIFY sequence will cause the parameters for the
transistor at node 19 to be changed from their original values to

those defined in the modify sequence.

Any or all of the device model parameters can be changed
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with a s8single modify, but the entire data set must be input in
the modify sequence regardless of the number which are actually
changed by the modify.

It is important to understand that modification only affects

device model parameter values and cannot be used to change node

definitions or to otherwise alter the topology of the original
circuit. For this reaéon, NODE data cards are never used in a
modify card sequence,

Several modifications may follow the original definition of
a device model in order to redefine that device several times.
Such multiple modifications are performed sequentially.

Wwhen more than one device |is to be redefined by
modification, such nodifications are performed simultaneously in
sets. The devices are modified simultaneously according to the

first set of modifies, then according to the second set and so

forth.

3.7 Output Control

The output of a typical NCAP run, vrinted on the computer's
line printer, contains a large volume of information. In general
the outpht consists of images of all input cards, all circuit
devices with their associated parameters values, and all scaled
nonlinear transfer functions and node voltages. The transfer
funct ions and node voltages are printed for each node and each

order for every possible frequency combination, in both Cartesian

and log polar form,
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When the modify feature is used, the original circuit output
is followed by a 1listing of all modified devices with their
associated parameters and all scaled nonlinear transfer functions
and node voltages for the modified circuit,.one node to a line,
for all frequency combinations, orders, and nodes.

In the event that errors are detected in the input deck, the
printout of the erroneous input card will be followed by an error
message describing. the type of error encountered. Once such an
error has been found, processing of the input deck will continue
until the * END card is read. At this point, execution of the
program will terminate and the output will consist of only the
input card images and appropriate error messages.

The successful analysis of a large circuit can result in an
inordinately large amount of printed output. Therefore, several .
output control statements have been included in the NCAP language
to allow the user to specify the desired output and to reduce the

amount of printout obtained.

3.7.1 Ssuppressing Output of Circuit Element Data

The printing of any or all linear or nénlinear element data
may be suppressed by the use of the following * control
statement:

* PRINT SELECT
followed by a card containing either the word OFF or ON. The OFF
option will cause print suppression of all circuit elements and

their associated parameters which are defined in successive *
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control sequences, until an * PRINT SELECT, ON option is
encountered. The ON option causes printing of circuit elements
and parameters defined in successive * control statements to take
place. Any number of * PRINT SELECT, ON/OFF statements may be
used, but their placement within the input deck 1is of great
importance. If a single * PRINT SELECT, OFF is placed at the
beginning of the input deck, all 1linear and nonlinear element
data will be print suppressed. By default, if no * PRINT SELECT,
OFF cards are used, all element data will be output.

On the other hand, if several ON/OFF options are
appropriately placed within the input deck, the user can control
exactly which elements are to be printed and which suppressed:

* PRINT SELECT

OFF
* LINEAR COMPONENTS

. & . (Linear component cdata)

* PRINT SELECT
OoN
* TRANSISTOR

In this case, the printing of the components defined in the
*LINEAR COMPONENTS card sequence will be suppressed but the

transistor data will be printed.

Generator data is always output. It cannot be suppressed by

use of the * PRINT SELECT feature.
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3.7.2 Suppressing Output of Nodes and Orders

A slightly different form of the * PRINT SELECT feature can
be used to specify which nodes and/or orders are to be output

while the others are print suppressed.

To print selected nodes the * PRINT SELECT statement is
followed by a NODE card with the following general form:

NODE XX YY 22 seven

The word NODE identifies the statement as a node selection data
card. The values XX,YY,Z2... represent the integer nodé numbers
for which nonlinear transfer functions and voltages are to be
printed. Only one NODE card can be used, but it can contain up
to ten node numbers. For example:

* PRINT SELECT .
NODE 1 3 5 11 14 22

would rééult in the printing of all nonlinear transfer functions
and voltages at nodes 1, 3, 5, 11, 14, and 22; the output data
for all other nodes in the circuit will not be printed.
To print selected orders, the * PRINT SELECT statement |is
followed by an ORDER data card:
ORDER XX YY 22 . eae
The word ORCER identifies the statement as an order selection.

The values XX, YY, 22 ... represent the integer order numbers for
which nonlinear transfer functions and node voltages are ¢to be
printed. Only one ORDFR data card can be used, but it can
contain up to ten order numkers:

* PRINT SELECT
ORDER 1 3
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would result in the printing of output data for first and third

orders only.
If both nodes and orders are to be selected for output, the
* PRINT SELECT should be followed by both a NODE card and an

ORDER card. This sequence may be placed anywhere in the input

deck.

3.7.3 Plotted Output (Presently Being Developed)

Line printer plots of frequency vs. log polar transfer

function may be obtained by use of the NCAP * control statement:
* PLOT

The * PLOT indicates that all cards between it and the next *

control card define a plotted output.

The definition of a plot includes the frequency number whose
values will appear on the abscissa of the plot and the node and
order of the transfer function which will be wused as c(he
ordinate.

The desired frequency number is defined by an FR data card
of the following general form:

FR Number Type
The charactets FR identify the card as a frequency sclection.,
"Number"® is an integer value corresponding to the user-assigned
number of a swept freaquency defined in some ¢enerator in the
circuit, "Type" is an alphabetic datum either LIN or LOG, which
indicates whether the plot is linear or log scaled. "Type" must

be the same as the tyre paranmeter used in the definition of the
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frequency sweep under consideration: linear sweeps result in

linear plots while logarithmic sweeps result in log plots. The

frequency selected by the FR card must be a swept frequency since
its range of values will constitute the range of values along the
x-axis of the plot. A constant frequency would result in a
single point rather than a curve.

The node selection is provided for by a NODE card:

NODE XX
where XX is an integer node number defined in the circuit.

The order selection is provided for by an ORDER card:

ORDER YY
where YY is an integer valué which defines the order fpr which
nonlinear transfer functions are to be plotted. For a circuit
with n defined freauencies, the order selected for plotting must
be either 1, (denoting first order) or n (denoting the maximum
order of analysis of the circuit).

The user may specify headings to be printed above and/or
below the plot for purposes of identification or documentation.
The contents of these labels are provided on LAREL data cards.

LABEL -up to 5% characters of text-
where the word LABEL is followed by up to 50 characters of text.
If one LABEL card is used the text will appear above the plot.
If two LABREL cards are used, the text from the first will be

printed above the plot and the second below the plot. If only

‘the 1lower label 1is desired, the text of the first LABEL card’

should be left blank. If both LABEL cards are omitted no

headings will be printed.
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In summary, the complete definition of a plot requires the

following NCAP card sequenée:

* PLOT
FR Number Type
NODE XX
ORDER YY
LABEL -50 characterg printed above plot-
LABEL -50 characters printed be'ow plot-

Every * PLOT sequence defines a plot of swept freguency vs.
log polar transfer function at a given node for-a given order.
As the circuit analyses proceed through the iterations of the
frecuency sweep, each frequency value (together with its
assogiated nonlinear transfer function) at a particular node and
order define one point on a curve. The total number of points on
any given curve is eaual to the number of steps in the freauency
sweep selected for plotting. For example:

* GENERATOR

NODE 1 f

FR 1 8.1E6 1.08E6 18 LIN
FR 2 2.0E6

IMP 50. Q.

* PLOT

FR 1 LIN

NODE 6

ORDER 2

The curve resulting from this sequence will consist of ten points
where the x-values are the frequency values 3 MHz, .2 MHz, ...

1.6 MHz, and the y-values are the second order log polar transfer

functions at node 6.
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If several plots are desired, for several nodes or at both
l1st and n'th orders, then each plot must be defined by separate
*PLOT card secuence. For example,; three plots could be obtained

by the followina series of * PLOT specifications:

* PLOT

FR 1 LIN

NODE 6

ORDER 1

LABRFL Node 6 - First Order
* PLOT

FR 1 LIN

NODE 6

ORDER 3

LABEL Node 6 - Third Order
* PLOT

FR 1 LIN

NODE 10

ORDER k]

LABEL Node 19 - Third Order
A present program limitation restricts the total number of plot
definitions in a single NCAP input deck to ten. The * PLOT card
sequence(s) may be placed anywhere in the input deck.

Plotted output occurs after all circuit analyses have been
performed and the standard printed output is completed. For each
plot specified in the input deck, two graphs result: one for the
magnitude of the transfer function and one for the angle. In
addition to the two graphs, the x - y coordinates of each point
are tabulated and printed before the plot is output.

When plotted output is specified for circuits which involve
linear component sweeping or device modification, several curves
will result for each plot. The number of curves qgenerated is
dependent upon the maximum number of steps in 1linear component

sweceps and the number of times the circuit undergoes
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jcation. In such instances the analyst must be aware of the

pnce in which the operations will be performed. in order to

understand not only how many

enable him to correctly relate a particular curve on a plot

its exact circuit definition. For example, consider

following NCAP input specifications:

* START CIRCUIT
* GENERATOR

NODE 1
FR 1
FR 2
IMP 50.
* LINEAR COMPON
c 1
R 2
R 5
(o 4
R 4
C 4
R 6
* “ODIFY
R 6
* TRANSISTOR
NODE 2
4.6
.01
21.2E-12
10.1
* MOLIFY
5.0
.0043
e.0
400,
* PLOT
FR 2
ORDER 1
NODE 6
* END CIRCUIT
* END

For purposes of plotting, although this NCAP run would perform

8
2.0E6
0.1E6
ﬂ.
ENTS
2

2SO OODD

=

10.0
.156

1.0

1.8ES

8.76
.150

1.0

1.QES

LIN

1.0F6 10 LIN
6.6E-9
20.2E3
.01
4.E-12
1.98E3
8.1E-9
10.E3 20.E3 2 LIN
12.E3 20.E3 2 LIN
140. .348
.125 8.2
340.E-12 59,1F-9
ﬂ.ﬂ 105E‘12
200. .209
.125 8.2
34‘,0E-12 2|8E-9
.0 1.5E-12

curves will result, but also to

to

the

d

total of 4@ circuit analyses, it defines four distinct circuits

and subsequently produces four curves of
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ten

points each.
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summary of circuit iterations with pertinent element values

follows:
ITERATION FR 2 R(6,9) TRANSISTOR
)| .IEG 1¢.E3 Original
2 .2E6 10 .E3 Original
10 1.086  10.E3 Original
o & R YN ‘Sgnd Curve no. 1)
11 .1E6 20.E3 Original
12 +2E6 29 .E3 Original
20 1.0E6 20.E3 Original
L (End Curve no. 2)
21 .1F6 10.E3 * Modified
22 . 2E6 18,.E3 Modified
30 1.8E6  12.E3 rodified
- I e = (End Curve no. 3)
31 .1E6 20.E3 Modified S
32 .2E6 20.E3 Modified
ap 1.086  20.E3 Modi fied

(End Curve no. 4)

~~~~~

Every set of ten iterations constitutes a complete pass through
the range of the frequency sweep and therefore produces one curve
of ten points. The four circuit definitions are thg result of a
linear component sweep together with modifications. The first
two circuits (hence curves) are produced by the two-step resistor
sweep in the original * LINEAR COMPONENTS definition, They use
the original transistor definition together with R(6,0) first at
16K and then at 20K. The second two circuits are defined by the

modified resistor, which reinstates the sweep, and a wmodified
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transistor. The second pair of circuits use the modified
transistor together with R(6,0) first at 16K and then at 20K.

When several curves are associated with a plot
specification, as in the preceeding example, the curves are all
printed on a single set of axes. Due to a present program,
limitation, a maximum of five curves can be displayed on a single

set of axes. If more than five curves are generated by an NCAP

run, they are output in groups of five. The’plotting characters

used for multiple curves are *, +, 0, x, and =,
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