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ABSTRACT

N

NET-2 is a general purpose computer program which solves the nonlinear time

domain response and linearized frequency domain response of arbitrary networks
composed of electric circuit elements and system operational elements. NET-2
performs parameter variation studies, statistical studies, and network performance
optimization. Models are included for gamma rate and neutron dose radiation
effects. A topological network description is utilized using a free form user

oriented input language.
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PREFACE

This report constitutes the User's Manual for the Release 9 version of
the NET-2 Network Analysis Program. It supersedes the User's Manual
for Release 8 which was published in September, 1972.

o YN S Lo B

Release 9 differs significantly from Rélease 8. New features which have
been added to the program are summarized below:

1. Several new system elements have been added. Computation using these
elements is handled using nonlinear simultaneous methods. Both time and
frequency domain solutions are available for networks containing these
elements. The new system elements include square root, absolute value,
sign function, meximum function, minimum function, natural logarithm,
exponential function, exponentiation, inverse sine, inverse cosine, inverse
tangent, hyperbolic tangent, Euclidean norm, root mean square function,
modulo function, quantizer, time delay, sample and hold, hysteresis,
Boolean functions of AND, OR, and Exclusive OR, RST flipflop, synchronous
clock, digital differential analyzer accumulator, output file interface,
and input file interface.

2. Several new circuit elements have been added. These include a nonlinear
voltage controlled current source, transmission line model, core winding
model, and magnetic core model.

3. A data reduction feature has been included to permit modeled device
parameters to be extracted from measured or published data.

L. The usage of mathematical expressions has been greatly extended. Many
restrictions on the construction of mathematical expressions, function
definitions, and table references have been removed.

5. Several additional mathematical functions are now available for use in
constructing mathematical functions. These include four-quadrant inverse
tangent, maximum function, minimum function, modulo function, and sign
function.

6. Additional global quantities have been made available to the user.
These include the current value of the time step and the accumulated neutron
dose. All global quantities may now be referenced by the user.
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There have been several modifications to NET-2 which will require revision
of input decks which were prepared for use with Release 8. Although the
revision of decks may be a painful process, it is felt that the increased
flexibility offered by Release 9 will be worth the effort expended over the
long term. The differences between Release 8 and Release 9 which may require
deck revision are listed below:

1. Numerical constants which contain an exponent must include the character
E before the exponent portion (see 1.2.2.2).

2. The character * must be used to denote multiplication in mathematical
expressions (see 1.2.2.4.1).

3. Arguments of mathematical functions must be enclosed by parentheses
(see 1.2.2.4.3).

L. The Release 8 mathematical function ARCTAN has been changed to ATAN
(see 1.2.2.4.3).

5. The Release 8 mathematical function LN has been changed to L@G (see
1.2.2.5.3).

6. Network elements which have multiple values specified must have commas
inserted to separate the values.

T. User defined functions without arguments may not be used. The X variable
notation should be used instead (see 1.2.2.5 and 1.2.2.6).

8. The INITIAL Entry has been discontinued. Initial conditions available
through this entry in Release 8 have now been incorporated into the respective
element formats.

9. The INT (time integral) element format has been modified to include the
specification of initial value (see 3.10).

10. The mathematical formulation for the capacitor, radiation effects
capacitor, inductor, and coefficient of coupling have been modified to
include the effects of time varying capacitance and inductance values

(see 2.3, 2.4, and 2.5).

11. The formats for the MAXSTEP Entry and the TERMINATE Entry have been
modified to include the = character (see 1.3.2.1 and 1.3.3).

12. The format for the GAMMA, GAMD@T, and NEUT Entries have been modified
to include the = character. In addition, the order for specifying the
neutron rate and the initial accumulated neutron dose for the NEUT Entry
has been interchanged. (See 1.3.4.1 and 1.3.4.2).

G




13. The prefix for the Zener diode has been changed from D to ZD (see 2.16).

14. The prefix for the MOSFET has been changed from T to MFET. The MOSFET
substrate node now appears as an external terminal. The exponential form
of the slope of the MOSFET drain-source curve in region B has been replaced
with a quadratic form; this modification may require the parameters K1, K2,
and K3 to be redetermined. (See 2.19).

15. The prefix for the JFET has been changed from T to JFET. The exponential
form of the slope of the JFET drain-source curve in the saturation region

has been replaced by a quadratic form; this modification may require the
parameters S1, S2, and S3 to be redetermined. (See 2.20).

16. Release 9 provides default values for all device model parameters which
are not specified by the user. Many of these default values are nonzero.
All default values provided by Release 8 for device parameters were zero.
(See Tables 2-1, 2-3, 2-5, 2-T, 2-9, 2-11, 2-13, and 2-1k).

17. The internal structure of the device parameter library has been revised.
It will be necessary to regenerate the device parameter library.

18. Since the stored model library contains subnetwork descriptions using
the NET-2 input language, it may be necessary to revise certain stored models
in that library because of modifications in the input language.

19. Specification of an AC small signal variable in a PRINT or PL@T statement
will provide only the magnitude or phase of that variable as specified. 1In
Release 8 both magnitude and phase were automatically provided upon specifi-
cation of either one. (See 6.1.k.1, 6.1.L.2, and 7.2.2).

The author wishes to acknowledge the contributions of Dr. Larry D. Ray

for his work in the areas of the device parameter data reduction, the
magnetic core model, the transmission line model, and several of the

system element models, and Bill Kirkwood for his programming assistance

in many areas. The continued support of Robert E. McCoskey, H. J. Matthews,
and Robert Puttcamp of the Harry Diamond Laboratories is gratefully acknow-
ledged.

The contributions of the Naval Ordnance Laboratory and the Los Alamos
Scientific Laboratory through independently funded development efforts
are acknowledged. The results of some of this independent work have been
included in Release 9. ;
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1. GENERAL

1.1 Introduction

The NET-2 Network Analysis Program is a general purpose digital computer
program which solves the nonlinear time domain response and the linearized
small signal frequency domain response of an arbitrary network described
to the program.

NET-2 is capable of handling a variety of network components and can be
applied to problems arising in several engineering fields, including
electronics, control systems, heat flow, mechanical structures and systems,
systems of nonlinear equations, and digital logic. The network elements may
be freely intermixed permitting interdisciplinary problems to be solved.

NET-2 is able to perform parameter variation studies, statistical studies,
and network performance optimization. The program has nuclear radiation
effects modeling capability for studying the effects of gamme radiation
and neutrons on circuit and system response.

1.1.1 Language Structure

The NET-2 language is organized into a series of entries, with each entry
composed of one or more lines. The various lines are written at specified
indentation levels, so that the complete input has the appearance of an
outline form. The term indentation level is used throughout this report
to indicate the relative positions of the various lines to the left margin
when writing the input on paper. The left margin is always indentation
level 0. Lines with indentation levels greater than zero are indented to
the right of the left margin, with the amount of indentation proportional
to the indentation level specified, e.g., a line at indentation level 2

is displaced further to the right than a line at indentation level 1. The
first line of any entry always starts at indentation level 0, and subsequent
lines of the entry, if any, begin at indentation level 1 or greater.

1.2 Network Description

A network consists of a set of elements interconnected through a set of
network nodes. The network can be described by individually describing
each element and how it is connected to the network node system.

The description of each network element requires specification of the element
type, the names of the nodes to which it is connected, and the values to be
attached to the parameters which control the element behavior. Values may

be described either numerically or symbolically in terms of other quantities
unless otherwise noted.

——
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Every network element is assigned a name or ID which consists of a prefix
and a suffix. The prefix is composed of alphabetic characters only and
denotes the element type. The suffix must always begin with a numeric
character, followed by any combination of alphabetic and numeric charac-
ters. The suffix is always denoted by the small letter n immediately
following the prefix in this report. Each network element should be
assigned a unique name to prevent confusion when references are made to
the elements. Examples of acceptable element names are R378 and TLINETAB
for a resistor and a transmission line, respectively.

The network nodes are assigned arbitrary names. Any combination of alpha-
betic and numeric characters may be used. All node voltages are measured
with respect to a datum or ground node. The datum node is designated by
the integer 0. It is recommended that all networks include a datum node.
A network may exist in several isolated parts; NET-2 will automatically
choose one of the nodes in each isolated part as the datum node unless
node O is already included in that isolated part.

1l.2.1 Element Specification

NET-2 accommodates a large variety of network elements of different types.
The following sections discuss the general classes of elements available
in the program. Chapters 2 and 3 give specific details for circuit and
system elements, respectively.

1.2.1.1 Circuit Elements

NET-2 contains a set of circuit elements from which electrical and electronic
circuits can be constructed. When these elements are interconnected voltages
may appear at the element terminal nodes and currents may flow through the
element terminals. The nodes to which such elements are connected are
called circuit nodes, and the nodal quantities associated with the nodes

are the node voltages.

1.2.1.2 Modeled Devices

NET-2 contains a subset of circuit elements which are called modeled devices.
They include the semiconductor devices and the magnetic core. They are
distinguished by complex nonlinear models and usually require many numerical
parameters to control their behavior.

Each modeled device has a model number associated with it. By means of the
model number, a specific equivalent circuit and a set of controlling equa-
tions are entered into the network calculation to represent that modeled
device.




The user must also specify a type name for the modeled device. The type
name is limited to a maximum of eight alphanumeric characters. The type
name enables NET-2 to locate and retrieve a set of numerical values for the
device parameters from the Device Parameter Library. These values are then
used by the device model equations to represent a particular device in the
calculation. The device parameters must always be represented as numerical
constants. The user may reference and modify any device parameter value
during the calculation. NET-2 supplies default values for all device para-
meter values which are not specified by the user.

Radiation effects behavior is included for many of the modeled devices. The
inclusion of radiation effects requires many additional parameters and addi-
tional computation. However, NET-2 is written in such a way that the additional
parameters' and calculations are required only if a neutron or gamma radiation
source is specified in the input. Thus, the user with no interest in radiation
effects behavior is not penalized in speed and netwcrk size capability.

Certain devices permit the user to specify optional mode information to assist
NET-2 in obtaining the desired network solution. The mode information specifies
which operational mode the device is to assume in situations where the network
response is multistable in the DC steady state solution.

1.2.1.3 Linvill Elements

NET-2 contains special circuit elements to represent the Linvill elements of
combinance, storance, diffusance, driftance, and the pn junction. Radiation
effects are not specifically included but can be added through the general
nonlinear capabilities of NET-2.

The availability of these elements as individual building blocks permits one
to construct Linvill models of any complexity by suitably interconnecting
these elements. With such an approach entire microcircuits can be constructed
and studied with NET-2.

A special kind of node is utilized in connection with Linvill elements. It
is called a carrier node and is used to represent excess carrier density

(as opposed to the circuit node which represents node voltage). Current may
flow into and out of carrier nodes in much the same way as for circuit nodes.
However, the only components which may be connected to carrier nodes are
current sources, primary photocurrent sources, and the carrier node terminals
of Linvill elements.

A carrier node may represent either electron or hole excess density, as dis-
tinguished by the sign of the excess carrier density associated with the node.
Excess carrier density at a carrier node is analogous to voltage at a circuit
node; thus, the notation N(x) will always refer to the excess carrier density
at carrier node x. N(x) is positive for holes and negative for electrons.




1.2.1.4 System Elements

NET-2 includes a set of network elements which are called system elements.
These elements perform operational functions on variables which appear on
their input nodes, delivering the result as a nodal variable at the output
node. The output node of a system element is called a system node.

A system element may be viewed as a specialized electrical element. The
input nodes of a system element have infinite input impedance, i.e., the
system element does not extract any energy from the network. The voltages

on the input nodes are transformed by the system element with the result
appearing on the system element output node as a node voltage. The system
element output is always referred to node 0 and has zero output impedance,
i.e., it is capable of delivering an infinite amount of energy to the network.

The user must never connect two system element outputs to the same node since
it is not physically possible to obtain a solution which satisfies both
system elements simultaneously except under special conditions. Also, since
the input nodes have infinite input impedance, the user must always insure
that an impedance path exists from every system element input node to network
. 'und to avoid solution of a singular system of equations. This impedance
path is always present if a system element input is connected to a system
node.

The nodal variable at a system node x is referenced by using the symbolic
name N(x).

1.2.2 Value Specification

The network element descriptions and other elements of the NET-2 descriptive
language require the user to specify values for purposes of calculation.
These values may be specified either as numerical constants or in symbolic
form using mathematical expressions and/or symbolic constants.

1.2.2.1 Units

Any self-consistent set of units may be used with the NET-2 program. Care
must be taken when using modeled devices and stored models in a circuit
since these circuit elements already have numerical values attached to them
as they exist in their respective libraries. Since these numerical values
k| presuppose a particular set of units, the user must be careful to employ

& the same set of units in his own circuit description.

It is wise to use a set of units such that the magnitudes involved tend to
centsr about_unity. The range of magnitudes should be confined between - i
1019 ana 1010 if possible. f
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A set of units which works well for electronic circuit calculations is
the following:

Voltage volts
Current milliamperes
Charge picocoulombs
Flux nanowebers
Energy picojoules
Power milliwatts
Resistance kilohms
Capacitance picofarads
Inductance microhenries
Time nanoseconds
Frequency gigahertz
Impedance kilohms
Admittance millimhos

1.2.2.2 Numerical Constants

Numerical constants are composed of a string of digits, optional sign and
decimal point, and an optional exponent. The plus sign is optional for
positive constants. The decimal point is not required if it occurs to the
right of the last magnitude digit. The exponent, if used, must always
follow immediately after the magnitude and begin with the letter E. The
exponent value is expressed as a signed integer, representing a power of
ten, with the plus sign optional for positive exponents.

Examples of legal numerical constants are:

25

+2.34
-35.78
L.E+6
19.789E-3
65E7

1.2.2.3 Symbolic Constants

The user may define constants in symbolic form. The format is:

Pn Value

where Pn = symbolic name
Value = numerical value of constant




A symbolic constant may be referenced by using its symbolic name. The
value of the constant may be altered in any of the NET-2 operational
modes, such as in a State solution.

The symbolic constant is normally defined at indentation level O (exceptions
may occur in defined subnetworks and stored models).

3 1.2.2.4 Mathematical Expressions

Mathematical expressions have many uses in NET-2. They may be used for
element values, function definitions, and objective function statements.

Quantities used in constructing the expression include numerical constants,
symbolic constants, function references, table references, response variables,
global variables, X variables, and element values and parameters. When the
mathematical expression is used in the definition of functions containing

= dummy arguments, the expression may also contain the names of the dummy
arguments. Also available are a variety of mathematical symbols and several
mathematical functions.

A

The expression is written using constructions similar to those used in
B FORTRAN.

1.2.2.4.1 Arithmetic Operations

The arithmetic symbols +, -, ¥, /, and **, are used to denote addition,
subtraction or negativity, multiplication, division, and exponentiation,
respectively.

All arithmetic operators must explicitly appear in mathematical expressions.
No operations are assumed by Jjuxtaposition of quantities.

In division, only the quantity immediately following the division sign is
considered to be in the denominator. Compound denominators must be enclosed h
in parentheses. These examples illustrate the point: b

X6 = R1/.5%R3 is interpreted as X6 = Blgﬁé. ;
. : _ Rl :
X7 = R1/(.5%R3) is interpreted as X7 = 73 ‘ ;

- The minus sign may be used to indicate the negative of a quantity: -

X9 = -N(1)
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Exponentiation is indicated by the symbol **, where the quantity appearing
immediately after the symbol is the exponent. Exponents may be constant

or variable. Compound exponents must be enclosed in parentheses. Exponents
consisting only of integer constants should be written without the decimal
point. Examples are:

V(R6 )*%*2
I(C1)**N(L5)
RE*%(C1/C2)
2**R9

An expression such as A¥¥B¥*¥C js ambiguous and parentheses must be used
to indicate the proper grouping.

1.2.2.4.2 Parentheses

Left and right parentheses are available for grouping purposes. As many
levels of parentheses may be employed as necessary. It is important to

check for proper pairing of left and right parentheses so that ambiguous
or incorrect groupings are avoided. Examples of correct usage are:

X1 = R1/(R2*(N(1) + R3))
which represents the expression

R1
R2(N(1) + R3)

X1l =

A more complicated example is
X2 = .0026*((N(1)+12/(I(R3)+R2))/(R3+T3.BN/((N(GT6.FY7.T5.4)+3.5)*RT)))

which represents the expression

N(1) ¢ wepemii
: 13R35 + R2
X2 = ,0026 =
B3+ W(GTe.777.15.0) + 3.5) ®7
i ¢
R B o 4 . go—
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1.2.2.4.3 Mathematical Functions

The following mathematical functions are available for use in mathematical
expressions:

ABS(x) Absolute value of x

ATAN(x) Inverse tangent of x, result in radians
ATAN2(x,y) Inverse tangent of x/y, result in radians
Cc@s(x) Cosine of x, x in radians

EXP(x) Exponential function of x

LPG(x) Natural logarithm of x

MAX(x,y) Maximum value of x and y
MIN(x,y) Minimum value of x and y
M@D(x,m) x modulo m

SIGN(x,y) Magnitude of x with sign of y

SIN(x) Sine of x, x in radians
SQRT(x) Square root of x, x positive
TAN(x) Tangent of x, x in radians
U(x) Unit step function of x

The unit step function is defined as follows:

Ulx) = 0 x <0
U(x) = 1/2 x=0
(x) = 1 x >0

Function arguments must be enclosed in parentheses. Examples are:

U(N(56))
SQRT(R6/RT)
cgs(-2)
SIN(-R6)
SIN(C@S(R6))

1.2.2.4.4 Tables

Tables are used to describe arbitrary nonanalytic functional relations.
Both one-dimensional and two-dimensional tables are available, having
one and two arguments, respectively.

Definition of a table requires several lines. The first line generally
occurs at indentation level O (exceptions will be noted in Chapter 5)

and includes the table ID. Subsequent lines occur on the next indentation
level, usually level 1, each line specifying numerical information.

Arguments which may be used in table references may be any mathematical
expression. If the table reference is part of the definition of a function,
the table arguments may include dummy arguments of the function being defined.
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1.2:.2.48.4.)

One-dimensional

l'ables

The one«dimensional table is referenced using a single argument and may

represent an empirical relation which is either periodic »r nonrepetitive.
The first line consists of the table ID, written as TABLEn, where n is the
suffix. Subsequent lines specify number pairs which define the empirical

relation. The format is:

TABLEn

the kth value of the table corresponding to x

k

the kth coordinate value corresponding to the table argument

Periodic or repetitive tables may be specified by inserting the letter R

for the value of I
indefinitely with a period X
and produce a value of Y for all arguments greater than xm.

==X

This indicates that the table is to be repeated
Otherwise, the table will terminate

Regardless of whether the table is repetitive or not, for values of argument

less than x

Al

, the table will furnish a value of ¥y

References to one-dimensional tables occur at some other point in the NET

input, for example, as circuit element values:

VI 5 9 TABLE8(TIME)

This indicates that the value of VT is an arbitrary function of TIME, as

given by TABLES.

Values between the specified points are determined by straight line inter-

polation.

An example of a periodic table definition corresponding to the curve shown

in Fig. 1-1 is:

TABLEL3
e
2.5

VI F FWw
A\

T WUV EW



e

Note that the initial value of 3 is maintained for all values of independent
varisble less than 2, and that the table has a period of 3 for all values
of independent variable greater than 2.

| -
4
3
H
b Siks B 10 S v N SRS AR

Figure 1-1. Curve for TABLE Entry Example

| 1.2.2.4.4,2 Two-dimensional Tables

The two-dimensional table is referenced using two arguments and may represent
an empirical function of two variables which is nonperiodic. The first line
of the table definition consists of the table ID, written as TABLEn, where n
is the suffix, followed by an integer which specifies the number of values

of the second argument which is to be used in defining the table. The second
line is indented and contains the values of the second argument. Subsequent
lines are also indented and specify the value of the first argument and values
of the empirical function.

10
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The format for two-dimensional table definition is:

TABLEn m
Yy Yo cereeeeeiiciinians ¥y
xl 2y, Zyp cereeeenees Z1m
Xy Zpy Zpp eeeseseeseen Zom
X 2 Zyp wreeene 4 -

where: TABLEn is the table ID
m is an integer specifying the number of columns in the array
of table values (i.e., the number of values specified for
the second argument)

Yys Yoo weee ym are the numerical values of the second argument
used to define the table values z

X5 x2, ceee X are the numerical values of the first argument

used to define the table values z

Zij is the numerical table value corresponding to the specified

values of xi and y‘j

Interpolation between specified table values is done linearly. The intervals

between the successive x and y values used to define the table values do
not need to be uniform.

A reference to a two-dimensional table can be thought of as evaluating
the relation z = F(x,y). The format for a reference is

TABLEn(x,y)

where: TABLEn is the ID of the desired two-dimensional table
x and y are the symbolic names of the arguments x and y,
respectively
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If the argument values used in the table lookup fall outside the defined
range of the table, the table value at the closest point on the edge of
the table will be used.

1l.2.2.5 X Variables

The user may define variables by means of mathematical expressions. These
variables may in turn be referenced in cther mathematical expressions and
used for output purposes. The variables are called X variables and are
represented symbolically by Xn. For example, a definition of XUi5 might

be

X45 = SIN(SQRT(N(@UTPUT)) + 3.5)
X45 can then be referenced in the same manner as any other variable in NET-2:

X32 = 5.7*XL5/(TIME + 2)
STATE3
PL@T X32 VS Xk5

The user may also define and reference the time derivatives of X variables.
These are distinguished from X variables by the symbolic form X'n where Xn
is the related X variable.

X'789 = 12%R1 + 3
X5 = X'789/2.5

NET-2 will automatically integrate all X' variables and differentiate all X
variables. Thus, the corresponding X and X' quantities that have been auto-
matically determined by NET-2 are available for reference. For example:

X45 = SIN(SQRT(N(@UTPUT)) + 3.5)
X'789 = 12%R1 + 3
X3 = X'45/X789

The user is not permitted to define both a particular X variable and its
corresponding time derivative.

There are restrictions on the usage of X and X' variables. These are:

a. They may not be involved in simultaneous relationships.
b. They are not available for frequency domain calculations.

d&
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1.2.2.6 Functions

There are certain mathematical relationships whose form is used over and
over again. These relationships may be expressed as functions.

A function definition consists of the function name, a set of dummy argu-
ments, and a defining mathematical expression. The mathematical expression
is writtsp in terms of the dummy arguments and may include other quantities
as well.

The names for the dummy arguments may be of any length and composed at will
from the alphanumeric characters, provided there is not any conflict between
the name chosen and sequences of characters which have other meanings to
NET-2. The dummy argument name must begin with an alphabetic character.

Examples of legal names for dummy arguments ar@ Al, AFG, AFG23, A2B,
A2B56, etc.

A function definition is generally written on indentation level 0 (exceptions
will be noted in later chapters). It begins with the function name (always
of the form Fn), immediately followed by an ordered set of dummy arguments
enclosed in parentheses. The dummy arguments are separated by commas. Next
comes an equal sign, followed by the defining mathematical expression. For
example:

F56(A,B,C) = A*C@sS(P1l) + B/TIME + C

At some other voint in the NET-2 input there occurs & function reference
which is of the same form as the left side of the function definition
equation, except that the dummy arguments may be replaced by known quantities,
including numerical constants and mathematical expressions.

An example of a reference to the function FS6 defined above is:
-
ce3 6 9 F56(3,N(3),F2(TABLE2(X13/I1(C5))))
Arguments in a function reference may be written as any mathematical expres-
sion. If the function reference is part of the definition of another function,

the arguments of the refereneed function may include dummy arguments of the
function being defined.

1.2.2.7 Computational Delay._

NET is not yet capable of handling all user specified mathematical relation-
ships in truly simultaneous fashion. Whenever simultaneity cannot be observed
a warning message will be printed to inform the user that computational delay
may be present in the computed results.
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Computational delay occurs when previous values of a computed quantity
are used to evaluate a mathematical expression instead of current values.
NET will perform simultaneous computations whenever possible in which
case computational delay will not occur.

The user may request NET to abort a run in the event computational delay
occurs. This is done by including the card:

DEBUG L3

An example of a situation in which computational delay presently occurs
is:

R6 5 9 SQRT(V(CT))

In this example the value of R6 depends upon the voltage across CT.
However, the voltage across CT depends upon the network solution and thus
upon the value of R6. A computational delay will be introduced such that
R6 will be evaluated first, using the voltage across C7 at the previous
time point. Then the network solution will be calculated using this value
for R6. This leads to a new value of the voltage across CT which may not
simultaneously satisfy the R6 relationship. Thus a computational delay
has been introduced due to the nonsimultaneity of the solution.

The validity of frequency domain calculations cannot be guaranteed for
networks which have computational delay.

1.2.3 Modification of Values

Initially, all element values are determined by the values associated with
the network element descriptions and by the device parameter values read
from the Device Parameter Library. Any of these initial values which have
been defined as numerical constants may be permanently altered before any
calculation begins by means of the PARAMETER Entry which reads in new
values for specific elements and device parameters. The final values in

use after modification by the PARAMETER Entry are called the nominal values,
and all calculations proceed from these nominal values unless subsequently
altered by the Optimization calculation.

In the network description, all parameter values are prescribed as either
numerical constants or some symbolic expression. They must remain in

this prescribed form throughout the calculation, i.e., numerical constants
cannot be swapped for symbolic expressions and vice versa. In this connec-
tion, note that all device parameters are entered as numerical constants
from the device library. They must remain as numerical constants (although
there is no restriction on changing their values).

1k
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1.2.3.1 PARAMETER Entry

Any network parameter value which has been defined by a numerical constant
may be changed in the PARAMETER Entry. The ID for the parameter is listed
followed by the new value. The new value may be given either as an actual
value or as a relative value. Relative values are suffixed with an asterisk;
the actual value is then the product of the initial value and the relative
value.

The nominal values for network parameters not listed in the PARAMETER Entry
are the same as the initial values.

Device modes can be changed by using the word M@DE as a device parameter
name. A previously assigned mode can be removed by using the word N@NE.

An example of a PARAMETER Entry is:

PARAMETER
R12 390
Cl3 .85%
T2.BN 150
T3.M@DE @FF
T5.M@DE N@NE

The PARAMETER Entry is always constructed with two or more lines. The first
line contains only the word PARAMETER and slways starts at indentation level O.
Subsequent lines list the ID and nominal value information and always start

at indentation level 1.

1.2.4 Parallel Segments

Parallel segments exist whenever a network contains several identical segments,
and these segments have all connection points into the rest of the network in
common (i.e., the segments are in parallel with each other). NET-2 element
description formats have special provisions for describing such parallel
segments. This feature should be used whenever possible in order to minimize
computing time.

In describing parallel segments to NET, node names and ID's are assigned
within only one of the segments. The element descriptions for that segment
are then tagged with a number in parentheses to indicate how many parallel
segments are represented.

The values specified for the elements and device parameters in parallel
segments are for a single element only. Similarly, all response variables

15
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associated with a given element represent a single element only. HNET
internally scales the numbers to account for the parallel nature of the
network during the calculation.

The parallel segment designation when used is always placed immediately
following the ID. Examples are: .

2 (&) 5 8 A5

R3 (6) 6 2 39

&t (2} 5 9 15.5

T3 (3) 2 T S5 2N1509
D7 (2) 4 8 INT8L

38 (7Y 2 T 05

The use of parallel segment designation with certain elements is meaningless.
The inadvertent use of the parallel segment designation in a meaningless
situation does not cause any harm, however.

1.3 Time Domain Response

NET-2 has the capability of calculating the nonlinear time domain response
of any arbitrary network configuration which can be described to the program.
The time domain response includes both the DC steady state solution and the ; |
transient solution. The steady state solution is always calculated first,
and serves as the initial conditions for the transient solution.

The time domain response is controlled by user specification of the time
variable. This is accomplished in several alternative ways to provide
flexibility for the user. In addition, NET-2 may exert internal control
on the time variable in nonlinear network calculations for purposes of
maintaining solution accuracy.

1l.3.1 Time Variable

The independent variable in the time domain calculation is time. This
quantity may be specified by the user for purposes of indicating the time
at which certain action is to be taken, such as delivering output or eval-
uating objective functions in an OPTIMIZE solution. The time variable is
always specified symbolically by TIME and any value assigned to it by the
user must always be expressed as a numerical constant. The user may refer
to the current value of TIME at any point in a calculation.

TIME has a value of zero during the DC steady state calculation.

16
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1.3.2 Time Step Control

NET calculates the transient solution by using a trapezoidal implicit
integration method which involves advancing the solution from one time
point to the next through a series of time steps. The size of these time
steps generally affects the accuracy of the transient solution.

A general rule of thumb is that the time step size must be small enough so
that any response which is changing in the network is followed adequately.
This implies that if the response is changing very slowly or not changing

at all a large time step may be used. Since the integration method in the
program is stable such a large time step is useable under these conditions.

In estimating time step size let us imagine the solution as being available
at only discrete points in time, these points corresponding to the end of
each time step. Let the solution points be connected by straight line seg-
ments. If this representation adequately describes the solution, then the
time step size is probably of the right magnitude.

Two points should be kept in mind when applying the preceding rule. First,
there will be some integration error introduced (generally evident as a time
lag) and this error may cause appreciable inaccuracies in the solution as a
function of time for large values of time (i.e., the time lag errors can
become cumulative). Secondly, all variables involved in the solution (i.e.,
all node voltages and element currents) must be considered in making the time
step estimate, not just those quantities which are to be delivered as output.

The user is required to impose some form of time step control whenever a
transient solution is requested. This mey be done by specifying a maximum
time step constraint (MAXSTEP Entry), by specifying particular values of
TIME, or both.

The MAXSTEP Entry specifies an upper bound for the time step size during
the transient solution. This entry is mandatory if there is no nonzero
value of TIME specified and a transient solution is required. If nonzero
TIME values are specified, the entry is optional.

The user may specify nonzero values of time using TIME as a swept variable
in a State or Optimization solution. This type of specification informs NET
of the points in time where output is required; the program must obviously
take time steps no larger than the interval between two successive time
point requests. However, since this interval may be too large for desired
computational accuracy, the MAXSTEP Entry may be employed in conjunction
with the TIME swept variable specification to control the maximum time

step size. In any event, if both MAXSTEP and TIME swept variable control
are present, NET will use the smaller of the time steps imposed by each

as the actual time step at a given point in the transient solution.

17




If the network contains nonlinear elements, NET may employ a time step smaller
than that imposed by the user to insure convergence of the nonlinear network
element response. NET contains provisions for halving the time step whenever
satisfactory convergence of nonlinear elements cannot be achieved in ten
iterations. If the time step is halved twenty times in succession without
achieving convergence, the run is aborted with an error message. On the

other hand, if convergence is obtained in less than three iterations and

the time step controls imposed by the user permit, NET will double the time
step. This automatic halving and doubling of time step is controlled inter-
nally by NET and is subject to all time step constraints imposed by the user.

1l.3.2.1 MAXSTEP Entry

It is possible to constrain the maximum time step size during the transient
solution with the MAXSTEP Entry. The format is:

MAXSTEP = Value

where Value may be a numerical constant or any mathematical expression. If
the MAXSTEP Entry is not specified but the circuit contains nonlinear elements

the program will automatically employ a maximum time step consistent with internal

convergence criteria.

There is only one MAXSTEP Entry permitted and it must appear at indentation
level O.

The user may reference the value of MAXSTEP by using the symbolic name
MAXSTEP.

1.3.2.2 Time Step References

During the transient solution the time step in use may be referenced by the
user through the symbolic name DELTAT. The DELTAT variable may be used in
any mathematical expression. During the DC steady state solution DELTAT will
have a value of unity.

1.3.3 TERMINATE Entry

The user always specifies the value of time at which termination cof the
transient solution occurs. This time value can be expressed either as a
specific numerical value or it may be specified indirectly, i.e., termination
occurs as soon as a prescribed condition occurs.
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The TERMINATE Entry permits the user to specify the prescribed condition for
termination. The format is:

TERMINATE = Value

where Value is any mathematical expression. Termination occurs as soon as
the value of the mathematical expression becomes greater than zero. Note
that termination can occur at zero time. If numerical values are specified
for the time variable in a particular calculation, the word FINAL will be
required to activate the TERMINATE feature (See 6.1.5).

There is only one TERMINATE Entry permitted and it must appear at indentation
level 0.

The user can reference the value of the mathematical expression by using the
symbolic name TERMINATE.

1.3.4 Nuclear Radiation Effects

NET-2 contains facilities for studying the effects of gamma and neutron
radiation on network performance. The effects are calculated only when
the NET-2 input contains either a gamma radiation source or a neutron
radiation source.

In addition to specific radiation effects behavior which is included in many
of the modeled devices, NET-2 contains a primary photocurrent generator cir-
cuit element which may be used both to augment existing radiation effects
models and as a separate photocurrent generator for providing basic radiation
effects behavior.

1.3.4.1 Gamma Radiation Source

The user may include a gamma radiation source in the NET-2 input for purposes
of studying the effects of gamma radiation on network performance. The
gamma radiation source provides either the gamma rate or the gamma dose as

a function of time for all gamma radiation effects included in the modeled
devices and for the primary photocurrent generator circuit element.

The format for specifying the gamma radiation source as a gamma rate is:
GAMD@T = Value

where Value = gamma rate as a function of time.

Alternatively, the user may wish to specify the gamma radiation source as
a gamma dose. The format is:

GAMMA = Value

where Value = gamma dose as a function of time.
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The user may specify either the GAMD@T Entry or the GAMMA Entry but not
both. NET-2 will automatically integrate the gamma rate or differentiate
the gamma dose so that both rate and dose information are available inter-
nally to the program.

The GAMD@T Entry may specify a nonzero gamma rate at time zero to permit
DC steady state gamma rate effects to be calculated; in such event the
time zero gamma dose is assumed to be zero. Similarly, the GAMMA Entry
may specify a nonzero gamma dose at time zero to permit DC steady state
gamma dose effects to be calculated; in such event the time zero gamma
rate is assumed to be zero.

Only one gamma radiation source may be specified and it must occur at
indentation level O.

The user may reference both the gamma radiation source values by using the
symbolic names GAMMA and GAMD@T.

1.3.4.2 Neutron Radiation Source

The user may include a neutron radiation source in the NET-2 input for
purposes of studying the effects of neutron radiation on network perfor-
mance. The neutron radiation source provides the neutron rate as a
function of time for all neutron radiation effects included in the modeled
devices. Provisions are also included for specifying initial accumulated
neutron dose to permit automatic degradation of modeled device parameters
due to previous neutron damage. The DC steady state solution includes all
effects due to initial accumulated neutron dose.

The format for the neutron radiation source is:

NEUT = Value, ¢o

where: @O = initial accumulated neutron dose at TIME = 0
Value = neutron rate as a function of time

The total neutron dose or fluence at time t is automatically calculated.
by NET-2 as

£
d(t) = q>o + f d(A)ax
(o}

where ¢(\) is the instantaneous value of the NEUT Entry at time A.

The NEUT Entry is written at indentation level 0. There may be only one
NEUT Entry specified.

The user may reference the neutron rate and the neutron dose by using the
symbolic names NRATE and ND@SE, respectively.
20
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1.3.5 Time Domain Response Variables

The user may reference the voltage at any node in the network with respect
to the global network ground node, including nodes inside of modeled devices,
by using the symbolic notation N(x) where x is the node name.

The user may reference the value of any guantity in the value field of a
network element using the notation specified in the description for that
element in this report. Many elements also have response variables which
may be referenced using notation described elsewhere in this report for
speciiic elements.

1.4 Frequency Domain Response

NET-2 has the capability of calculating the small signal linearized frequency
domain response of any network which is described to it, provided that the
network does not contain computational delays. The frequency domain response
may be calculated at one or more values of frequency, including zero frequency.

The frequency domain response is always evaluated at one or more points in
time, using the nonlinear time domain solution as a basis for establishing
the linearized equivalent network for the frequency domain. In the absence
of a time value specification, NET-2 will assume the DC steady state network
condition as a basis.

1.4.1 Frequency Specification

The value of frequency to be used in the AC small signal calculation is
specified by the FREQ variable. The format is:

FREQ Value

where Value is always a numerical constant. If FREQ is not specified a
default value Qf zero will be used.

The FREQ entry occurs at indentation level O and is in effect except as
modified in a particular State, Monte Carlo, or Optimization solution.

1.4.2 AC Small Signal Variables

The AC small signal variables include voltage and current gain, transfer and
self-impedance, and transfer and self-admittance. They are calculated as
complex quantitites, consisting of a magnitude and phase, at the frequency
specified by FREQ. If the circuit is nonlinear, the circuit operating point
is determined first, then the small signal values of the circuit elements
are evaluated at that operating point for use in the AC small signal calcu-
lations. These quantities may be evaluated at zero frequency if desired.

21
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The AC small signal variables are defined through the use of input and

output ports, where each port consists of a pair of nodes. One node of

each pair is designated as a reference node. Let the output port be

defined by nodes p and q (q is the reference node) and let the input port

be defined by nodes r and s (s is the reference node). NET-2 then determines
the desired AC small signal variable by effectively connecting either a zero
impedance voltage source or a zero admittance current source across the input
port, and either a zero admittance voltmeter or a zero impedance ammeter
across the output port. The response variable is then taken to be the ratio
of the measured response to the exciting signal. The exciting signal is of
infinitesimal amplitude and is a sinusoid at the specified frequency.

In reality, NET does not actually connect sources and meters into the
circuit, but calculates the variables directly from the circuit impedance
matrix. However, the results obtained are identical to applying the above
measuring technique to the circuit.

Phase is represented in radians for all internal calculations and is printed
or plotted in degrees.

The DC steady state and transient calculations must not depend in any way
upon the AC small signal calculation.

1.4.2.1 AC Small Signal Voltage Gain

The AC small signal voltage gain is determined by effectively connecting

a voltage source across the input port and a voltmeter across the output

port. This operation causes the input port to be short circuited for the
small signal only --- the operating point is not disturbed.

The notation for the magnitude of the voltage gain is:
A(p-q/r-s)

The notation for the phase angle of the voltage gain is:
A'(p-q/r-s)

where p, q, r, and s are the names of the nodes comprising the ports.
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1.4.2.2 AC Small Signal Current Gain

The AC small signal current gain is determined by effectively connecting
a current source across the input port and an ammeter across the output
port. This operation causes the output port to be short circuited for
the small signal only --- the operating point is not disturbed.

The notation for the magnitude of the current gain is:

B(p-q/r-s)

The notation for the phase angle of the current gain is:

B'(p-q/r-s)

where p, qQ, r, and s are the names of the nodes comprising the ports.

1.4.2.3 AC Small Signal Impedance

The AC small signal impedance is determined by effectively connecting a
current source across the input port and a voltmeter across the output
port.

If the input and output ports are different, the transfer impedance will
result; if the ports are the same, the port self-impedance will result.

The notation for the magnitude of the impedance is:
2(p-q/r-s)
The notation for the phase angle of the impedance is:

z2'(p-q/r-s)

where p, q, r, and s are the names of the nodes comprising the ports.
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1.4.2.4 AC Small Signal Admittance

The AC small signal admittance is determined by effectively connecting a
voltage source across the input port and an ammeter across the output port.
This operation causes both the input and output ports to be short circuited
for the small signal only --- the operating point is not disturbed.

If the input and output ports are different, the transfer admittance will
result; if the ports are the same, the port self-admittance will result.
It should be noted that in general the transfer admittance is not the same
as the reciprocal of the transfer impedance.

The notation for the magnitude of the admittance is:

Y(p-q/r-s)

The notation for the phase angle of the admittance is:

Y'(p-q/r-s)

where p, q, r, and s are the names of the nodes comprising the ports.
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2. ELECTRICAL CIRCUIT LELEMENTO

This chapter describes the electrical circuit elements available in NET-2.
For each circuit element information is included on the element description
format, the mathematical relationships which describe the behavior of the
element, and the response variables associated with the element.

The parallel segment designation is shown in the element format whenever
it is applicable to the element. The inadvertent use of parallel segment
designation with an element to which it is not applicable does no harm.
The parallel segment designation is always optional.

Value fields in the description format may be expressed as either numer-
ical constants or mathematical expressions. Multiple values must always
be separated by commas. The values of device parameters must always be
expressed as numerical constants since they are stored in and retrieved
from a Device Parameter Library which does not have the capability of
handling mathematical expressions.

25
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2.1 Resistor

The format for a resistor is:

Rn (p) a b Rvalue

where: Rn = element ID
p = optional parallel segment designation
a and b = node names
Rvalue = resistance value

The resistor must not assume a value of zero.

The resistor voltage v is given by

where ea and eb are the node voltages at nodes a and b, respectively.
The resistor current i is given by
i=v/R
where R is the resistance value.
The power dissipation P is given by
P = iv
The user may reference the resistance value, the resistor voltage,

the resistor current, and the power dissipation by using the symbolic
names Rn, V(Rn), I(Rn), and P(Rn), respectively.

26




L i 1)<

[ £ e

e —— — "_‘_

2.2 Voltage Controlled Conductance

A special element is available for describing a resistor whose conductance
is proportional to the voltage across a node pair.

The format for the element is:
Veen (p) £ g & b K
where: VCGn = element ID
p = optional parallel segment designation
f and g = node pair node names
a and b = node names for element connection points

K = value of proportionality factor

The conductance is inserted into the network between nodes a and b. The
conductance value G is given by

where en and eg are the node voltages at nodes f and g, respectively.

The voltage v across the conductance is given by

where ea and e, are the node voltages at nodes a and b, respectively.
The current i flowing through the conductance is given by
i=Gv

The power dissipation P of the conductance is given by

P = iv

The user may reference the proportionality factor K, the voltage
across the conductance, the current through the conductance, and the
power dissipation in the conductance by using the symbolic names VCGn,
v(vVCGn), I(VCGn), and P(VCGn), respectively.
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2.3 Capacitor

format for a capacitor is:

(p) a b Cvalue

where: Cn = element ID

The

p = optional parallel segment designation
a and b = node names
Cvalue = capacitance value

capacitor voltage v is given by

where e, and e, are the node voltages at nodes a and b, respectively.

The

b
capacitor current i is given by

S
Rl R

where C is the capacitance value.

The

The

the
the

electric charge Q on the capacitor is given by
Q = Cv

energy E stored in the electric field of the capacitor is given by
E = Cv2/2

user may reference the capacitance value, the capacitor voltage,

capacitor current, the electric charge, and the stored energy by using
symbolic names Cn, V(Cn), I(Cn), Q(Cn), and E(Cn), respectively.
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2.4 Radiation Effects Capacitor

A special capacitor element is available for representing the effects of
discharge and charge buildup due to gamma radiation effects. The format
is:

RADCn (p) a b Cvalue, Dvalue, Bvalue

where: RADCn = element ID
p = optional parallel segment designation
a and b = node names
Cvalue = capacitance value
Dvalue discharge coefficient value
Bvalue charge buildup coefficient value

The capacitor voltage v is given by

where = and e, are the node voltages at nodes a and b, respectively.

b
The voltage change Av on the capacitor due to an incremental gamma dose
Ay is given by

Av = (-Dv + B)Ay

where D is the discharge coefficient, B is the charge buildup coefficient,
and v is the capacitor voltage before the discharge occurs. The incre-
mental gamma dose is obtained automatically by NET from the user specified
GAMMA or GAMD@T entries.

The capacitor current i is given by

ac

(L g
1565 Vit

where C is the capacitance value.
The electric charge Q on the capacitor is given by
Q = Cv
The energy E stored in the electric field of the capacitor is given by
E = Cv2/2
The user may reference the capacitance value, the discharge coefficient
value, the charge buildup coefficient value, the capacitor voltage, the
capacitor current, the electric charge, and the stored energy by using

the symbolic names RADCn, RADCn.l, RADCn.2, V(RADCn), I(RADCn), Q(RADCn),
and E(RADCn), respectively.

29




N

2.5 Inductor

The inductor element consists of an inductance in series with a resistance.
The format is:

In (p) a b Lvalue, Rvalue

where: Ln = element ID
p = optional parallel segment designation
a and b = node names
Lvalue = inductance value
Rvalue = resistance value
The resistance value is optionally specified; if it is not specified, NET-2
will supply .0001 as a default value. The resistance value may not assume
a value of zero in the DC steady state solution, and the inductance value
and the resistance value may not simultaneously assume a value of zero in
transient solution or in an AC small signal calculation.

§
g~ The inductor voltage v is given by
¥Ee we

where ea and ey are the node voltages at nodes a and b, respectively.

The inductor current i is related to the voltage by the differential equation
) di . dL .
‘ =L =+ i —+
; v L at 1%t Ri

where L is the inductance value and R is the resistance value.
¢ The magnetic flux F in the inductor is given by
F=11i
The energy E stored in the inductor is given by
E = L12/2 |
The user may reference the inductance value, the resistance value, the . 5
inductor voltage, the inductor current, the magnetic flux, and the stored ‘

energy by using the symbolic names Ln, Ln.l, V(Ln), I(Ln), F(Ln), and
E(Ln), respectively.
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2.6 Coefficient of Coupling

The coefficient of coupling entry is used if, and only if, mutual inductance
exists between two inductors. This feature enables NET to handle circuits
involving transformers. The formet is:

T

Kn i J Value

- where: Kn = coefficient of coupling ID

i and J = ID's of the inductors involved

Value = coefficient of coupling value. The magnitude of this
; value must always be less than one.

The value may be positive or negative, depending upon the manner in which
the connections are specified in the description of the two inductors in-
volved. To determine the proper sign, the inductors should be imagined as
being connected in series with the b connection point of one Jjoined to the
a connection point of the other. If the resulting connection is such as
to be aiding (i.e., inducing an in-phase voltage from one to the other and
increasing the total inductance of the series pair), a positive sign is

A given to the value of the coefficient of coupling. Otherwise, the value
ds pegative. . . . LAt k
If the circuit includes several inductors with coupling among them, there
must be a Coefficient of Coupling Entry for each pair combination.
An example involving three mutually coupled inductors is illustrated in
Fig. 2-1. The phasing of the individual windings is indicated by the dots
on the windings. A correct NET-2 description (using default series resistance
in the inductors) is:
K12
=
L 1 2 35.6 5 () "
L2 3 & 2.5
L3 5 6 L.8
Ki2 11 L2 .985 L2
Ki3 L1 L3 -=.83
K23 L3 12 «.T5 ( 4
R] K23
5
3
L3
E
r— = u. e
3 K13

Figure 2-1. Mutual Inductance Example

The user may reference the coefficient of coupling value by using Kn as
the symbolic name.
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2.7 Switch

The switch is an ideal, zero impedance, single throw device. The format ; s
is:

Sn a b Value
where: Sn = switch ID
a and b = node names
Value = switch value
The switch is open when its value is zero or negative. It is closed when
its value is greater than zero. The values of zero and one are useful

because of their relationship to Boolean algebra.

The voltage v across the switch is given by

where N and eb are the node voltages at nodes a and b, respectively.

The user may reference the switch value and the switch voltage by using the
symbolic names Sn and V(Sn), respectively.
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2.8 Voltage Source

The voltage source consists of a zero impedance voltage generator in series
with a resistance. The format for the voltage source is:

Vn (p) a b Evalue, Rvalue

where: Vn = element ID
p = optional parallel segment designation
a and b = node names
Evalue = voltage generator value
Rvalue = resistance value

The resistance value is optionally specified; if it is not specified NET-2 will
supply .0001 as a default value. The resistance value may not assume a value
of zero during any calculation.

The terminal voltage v of the voltage source element is given by

iu - where e, and e, are the node voltages at nodes a and b, respectively.

The current i flowing in the voltage source is given by

e

* R
where E is the voltage generator value and R is the resistance value.
The power dissipation P is given by
Er=riv
The user may reference the voltage generator value, the resistance value,

the terminal voltage, the current flow, and the power dissipation by using
the symbolic names Vn, Vn.l, V(Vn), I(Vn), and P(Vn), respectively.

e e b et e o < A
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2.9 Voltage Controlled Voltage Source

A special element is available for describing a voltage source whos=2 value *
is proportional to the voltage appearing across a node pair. This element

consists of a zero impedance voltage generator in series with a resistance.

The format is:

vevsn (p) f g a b K, R

where: VCVSn = element ID
p = optional parallel segment designation
f and g = node pair node names
a and b = node names for element connection points
K = value of proportionality factor
R = resistance value

The resistance value is optionally specified; if it is not specified, NET-2
will supply .0001 as a default value. The resistance value may not assume
a value of zero during any calculation.

The voltage controlled voltage source is inserted into the network between
nodes a and b. The voltage generator value E is given by

E = K(ef - eg)

where ef and eg are the node voltages at nodes f and g <espectively.

The terminal voltage of the element is given by

where e and e, are the node voltages at nodes a and b, respectively.

The current i flowing in the element is given by

2 E-v

e R

The power dissipation P is given by

P = iv : i
The user may reference the value of the proportionality factor K, the
resistance value R, the terminal voltage v, the current i, and the i &

power P by using the symbolic names VCVSn, VCVSn.l, V(VCVSn), I(VCVSn),
and P(VCVSn), respectively.

3k
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2.10 Current Source

: The format for the current source is:
In (p) a b Value

where: In = element ID
p = optional parallel segment designation
a and b = node names
Value = current source value

The value of the source is always referred to node b. Thus, if a resistor
with nodes a and b is connected across a positive valued source with the
same nodes a and b, the voltage at node a will be more positive than the
voltage at node b.

Current sources have zero internal admittance.

Care must be taken to avoid current source cutsets which violate Kirchhoff's
current law. A current source cutset is present whenever any node has only
current sources connected to it. Such configurations are automatically
detected by NET-2. A diagnostic message is provided.

The voltage v across the current source is given by

where L and e, are the node voltages at nodes a and b, respectively.

The power dissipation P is given by

P =1iv

where i is the value of the current source.

The user may reference the current source value, the voltage v, and the
power P by using the symbolic names In, V(In), and P(In), respectively.




2.11 Voltage Controlled Current Source

A special element is available for describing a current source whose value
is proportional to the voltage appearing across a node pair. The format is:

vecsn (p) £ g a b K

where: VCCSn = element ID
p = optional parallel segment designation
f and g = node pair node names
a and b node names for element connection points
K = value of proportionality factor

The current i flowing in the source is given by

where ef and eg are the node voltages at nodes f and g, respectively.

The current flow value is always referred to node b. Thus, if a resistor
with nodes a and b is connected across a source with positive current with
the same nodes a and b, the voltage at node a will be more positive than
the voltage at node b.

Care must be taken to avoid current source cutsets which violate Kirchhoff's
current law. A current source cutset is present whenever any node has oconly
current sources connected to it. Such configurations are automatically
detected by NET. A diagnostic message will be provided.

The voltage v across the current source is given by

where e and ey are the node voltages at nodes a and b, respectively.

The power dissipation P is given by
P = 1iv

The user may reference the value of the proportionality factor K, the
current i, the voltage v, and the power dissipation P by using the
symbolic names VCCSn, I(VCCSn), V(VCCSn), and P(VCCSn), respectively.
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2.12 Nonlinear Voltage Controlled Current Source

A special element is available for describing a current source whose value
is an empirical function of the voltage appearing across the current source.
The format is:

NLVCCSn (p) TABLEm a b

where: NLVCCSn = element ID
p = optional parallel segment designation
TABLEm = ID for one-dimensional table involved
a and b = node names

The empirical nonlinear relationship is expressed by TABLEm. The current i
flowing in the source is given by

ey

= TABLEm(ea b

where ea and ey are the node voltages at nodes a and b, respectively.

The current flow value is always referred to node b. Thus, if a resistor
with nodes a and b is connected across a source with positive current with
the same nodes a and b, the voltage at node a will be more positive than
the voltage at node b.

The voltage v across the current source is given by

The power dissipation P is given by
P =iv

The user may reference the current i, the voltage v, and the power dissipation
P by using the symbolic names I(NLVCCSn), V(NLVCCSn), and P(NLVCCSn), respectively.
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2.13 Primary Photocurrent Generator

NET-2 includes a primary photocurrent generator as a circuit element. Many
of the modeled devices already include this element as part of the model.
The availability of this circuit element enhances the radiation effects
capability of NET-2. The element has zero admittance.

The format for the primary photocurrent generator is:

IPFPFn (p) a B A A A

i 2° 3
where: IPPn = element ID
p = optional parallel segment designation
a and b = node names
Al, A2, A3 = coefficient values
The value of the photocurrent generator i for a single carrier type (usually
minority carriers) is given by theory as

t -A/A3
a . 2
i(t) = Alg(t) * A, f g(t=1) ——-—M da

[¢}

where g(t) is the rate at which energy from gamma radiation is received as
a function of time. In practice it is very laborious to compute this con-
volution integral. Accordingly, the integral is approximated in NET-2 as

follows: Let g(t) be discretized as a series of step functions g, at time

3
Ty

+ +
where g = g(‘I‘J ) - g(TJ—l)
and g(t) = g(0) for t < O.

The current i is then given by

; t=T
1(6) = Alg(t) + A2 Z -gJ u(t=T,) erf -&-1

J
3 3
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NET-2 approximates the error function as |

art T = L

The error introduced in using this approximation is shown in Fig. 2-2.
The relative error is greatest for small values of x, which corresponds
to small values of time or large values of A3.

The quantity g(t) is specified by the GAMD@T Entry (or equivalently, the
time derivative of the GAMMA Entry). If the duration of the gamma radi-
ation pulse is short compared to t/A; in the above approximation, errors
in the amplitude of i will result. %he user can compensate for this
error by modifying the value of coefficient A2.

The time step used in integrating the transient response will also be used
in forming the discrete steps for the g(t) radiation pulse. Thus, a time
step of 1 nanosecond causes g(t) to be approximated as a series of step
functions, with an interval of 1 nanosecond between steps. The error
function approximation given above leads to a first order differential
equation which is integrated by NET-2 to give the primary photocurrent
value.

R

The value of the primary photocurrent generator is always referred to
node b. Thus, if a resistor with nodes a and b is connected across a
positive valued photocurrent generator with the same nodes a and b, the
voltage at node a will be more .positive than the voltage at node b.

Care must be taken to avoid current source cutsets which violate Kirchoff's
current law. A current source cutset is present whenever any node has only
current sources connected to it. OSuch configurations are automatically
detected by NET-2. A diagnostic message is provided.

The voltage across the current source is given by

where T and e, are the node voltages at nodes a and b, respectively.

The power dissipation P is given by

P=iv
The user may reference the coefficient A;, the coefficient A, the coef-
ficient A3, the current i, the voltage v, and the power dissipation P by

using the symbolic names IPPn, IPPn.l, IPPn.2, I(IPPn), V(IPPn), and
P(IPPn), respectively.
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Figure 2-2. Error Function Approximation
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2.14 Transmission Line

NET-2 contains a model for a two-wire uniform transmission line. The
format is:

TLINEn. {p) & B ¢ m %, T, R

3
=

INEn = element ID

optional parallel segment designation

= node name for terminal node a

= node name for terminal node b

= node name for common terminal node

= internal buffer size (must be an integer numerical constant)
= value of characteristic line impedance

delay time value for a one-way traversal of line

= value of series line resistance between nodes a and b

where: I

W3 B o oo i

The transmission line model can be considered to be equivalent to a lumped
parameter LC section line containing m sections. The total series resis-
tance R can be considered to be distributed along the line so that each
inductor in the LC equivalent has a series resistance of R/m. The series
resistance must not assume a value of zero during the DC steady state cal-
culation. The series line resistance is ignored (i.e., a zero value is
assumed) in the AC small signal calculation. The series resistance speci-
fication is optional; NET-2 will supply .0001 as a default value.

The transmission line has two ports, formed by nodes a and ¢ on one end of
the line, and by nodes b and ¢ on the other end of the line. Nodes a and
b are completely interchangeable.

Information is stored in the line at successive values of time, where the
average time between successive information values is T/m. The element
contains an internal buffer for purposes of storing the information. The
internal buffer size m specifies the maximum number of time points which
may be stored in the element at any one time. Increasing the buffer size
requires additional computer core storage space but does not appreciably
alter the computation time.

The transmission line model may be coupled to any kind of load, including
nonlinear and reactive loads. It may also be connected to other trans-
mission line elements. The model exhibits the proper reflection and
transmission behavior.

The user may reference the characteristic impedance Z, the time delay T,
the series resistance R, the terminal current flowing into node a, the
terminal current flowing into node b, and the terminal current flowing
into node ¢ by using the symbolic names TLINEn, TLINEn.l, TLINEn.2,
IA(TLINEn), IB(TLINEn), and IC(TLINEn), respectively.
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2.15 Junction Diode

NET-2 contains a model for a junction diode with optional radiation L
effects. The model may be considered to be either Eberc-Mocll or charge

control in form, since these are merely equivalent ways of representing

the same equations. Radiation effects are included automatically when-

ever a neutron or gamma radiation source is specified in the input.

The model exhibits normal forward conduction and reverse cutoff behavior.
Storage time effects are included. :

The model does not include junction breakdown at large reverse voltages.
Conductivity modulation of the base region is not included.

The junction diode is a modeled device and requires device parameters in
the Device Parameter Library. The model number is 1.

The format for the junction diode is:
Dn (p) A K Type

where: Dn = diode ID

optional parallel segment designation
anode node name

cathode node name

Type = alphanumeric type name

o)
nna

2.15.1 Equivalent Circuit

The diode model is represented by the equivalent circuit shown in Fig. 2-3.
Ct
Cd
i

1 Ry’ 3 I 2
ANODE O——AN\/—4 p——O CATHODE

Figure 2-3. Junction Diode Equivalent Circuit
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The current generator I depends upon Junction voltage v as

L=1 (1 * Ko <1>(t))(eGV a 1) -1 (t) + G, v

19%

where ¢(t) is the total neutron dose received by time t as specified by
the time integral of the neutron rate specified by the NEUT Entry.

The primary photocurrent Ipp(t) is given as

-
o N i B
Ipp(t) = Iplg(t)(l - min (VZ—, 9)) + Ip2 fg(t—k) ~ dx

where g(t) is the gamma rate due to the gamma radiation source, and the
convolution integral is approximated in the same manner as for the pri-
mary photocurrent generator circuit element (see 2.13).

The transition capacitance C, is given by

t
-N

Z

3 ; Vit
Ct = C 1 - min (V 5 .9)
The diffusion capacitance is given by

v

OIs(l + KIso(t))e

a w + K o(t)
w

The resistance Rg is given by




2.15.2 Junction Diode References

The symbols used by NET to represent the junction diode circuit elements
and parameters are given in Table 2-1. The user may control and reference
any quantity for which a NET symbol has been assigned. Certain indicated
parameters are not required by NET unless radiation effects behavior is
being calculated. Only numerical constants may oe used for parameter
values. “

V4
Reference to a device parameter within the LIBRARY Entry is accomplished
by simply using the symbolic parameter name. References in all other
entries are made using the symbolic name Dn.x where x is the parameter
name.

Node 3 in the diode model is available for connection purposes using Dn.3
as the node name. The node voltage may be referenced by using N(Dn.3) as
the symbolic name.

The user may reference the anode-cathode voltage, anode terminal current, and
diode power dissipation by using the symbolic names V(Dn), I(Dn), and P(Dn),

respectively.
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2.15.3 Junction Diode Data Reduction

The user is referred to Section 9.1.2.1 for a general discussion of the
data reduction feature. Specific details for the junction diode are given
below.

NET-2 contains data reduction capability for obtaining parameters which
describe the DC steady state characteristics of the junction diode and
the diode transition capacitance.

The two types of data reduction available are summarized in Table 2-2.
This table lists the data reduction type code, the symbols for the para-
meter values which are calculated, and the quantities which must be
specified for each data reduction type.

.

Input Data Parameters
drtype Description Sequence Calculated
DC DC characteristic Vs L, Wgt 1S5 RB, THS GC
CT Transition Capacitance V, Ct, Wgt Cs N, VZ

Curve

Table 2-2. Junction Diode Data Reduction Types

In the input data a positive voltage corresponds to a forward bias on the
diode junction and is associated with a positive terminal current. If
reverse bias data is not provided for the DC data reduction, the value of
parameter GC will not be calculated.

Any of the applicable parameter symbols may be used in the fixedparams

and startparams fields on the DATA card for a given type of data reduction.
However, specification of GC in the startparams field will be ignored by
NET-2.

L6




2.16 Zener Diode

NET-2 contains a model for the Zener diode with optional radiation effects,
The model is an extension of the Junction diode model. Radiation effects
are automatically included whenever a neutron or gamma radiation source is
specified in the input.

This model exhibits normal forward conduction, reverse cutoff, and Zener
breakdown behavior and includes storage time effects. Conductivity modu-
lation of the base region is not included.

The Zener diode is a modeled device and requires device parameters in the
Device Parameter Library. The model number is 2.

The format for the Zener diode is:
ZDn (p) A K Type

‘ where: ZDn = diode ID

k¢ p = optional parallel segment designation
A = anode node name

K = cathode node name

Type = device type name

el

2.16.1 Eguivalent Circuit

The Zener diode model is represented by the equivalent circuit shown in
Fig. 2-h.

Cq

i

1 Rb' 3 1 2
ANODE O—VW——J p—————Q CATHODE
+
' . fn———v———aﬁ

Figure 2-4, Zener Diode Equivalent Circuit
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The current generator I depends upon junction voltage v as

A(Vb - Bv)

PN
i (R, -1 (t)+Gyv
19 c

I= IS(l + K s¢(t))(e

I

where ¢(t) is the total neutron dose received by time t as specified by
the time integral of the neutron rate specified by the NEUT Entry.

The primary photocurrent Ipp(t) is given as

N 17 -
(t) (t) ('V s
T () =1 e 1~ min { o, .9) + I g(t-1) ax
pp rl L p2 ¥y
(o]

where g(t) is the gamma rate due to the gamma radiation source, and the
convolution integral is approximated in the same manner as for the pri-
mary photocurrent generator circuit element (see 2.13).

The transition capacitance Ct is given by
=N
/

= mi AL
Ct =C 1 - min ('V 5 .9)
z
The diffusion capacitance is given by

oI (1 + k. o(t))e®”
0. = S Is
d w + Kwdzt)

The resistance Ré is given by
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2.16.2 Zener Diode References

The symbols used by NET to represent the Zener diode device parameters are
given in Table 2-3. The user may control and reference any quantity for
which a NET symbol has been assigned. Certain indicated parameters are
not required by NET unless radiation effects behavior is being calculated.
Only numerical constants may be used for parameter values.

Reference to a device parameter within the LIBRARY Entry is accomplished
by simply using the symbolic parameter name. References in all other
entries are made using the symbolic name ZDn.x where x is the parameter
name.

Node 3 in the Zener diode model is available for connection purposes using
ZDn.3 as the node name. The node voltage may be referenced by using N(ZDn.3)
as the symbolic name.

The user may reference the anode-cathode voltage, anode terminal current, and

diode power dissipation by using the symbolic names V(ZDn), I(ZDn), and P(ZDn),
respectively.
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2.16.3 Zener Diode Data Reduction

The user is referred to Section 9.1.2.1 for a general discussion of the
data reduction feature. Opecific details for the Zener diode are given
below.

NET-2 contains data reduction capability for obtaining parameters which
describe the DC steady state characteristics of the Zener diode and the
diode transition capacitance.

The two types of data reduction available are summarized in Table 2-L.
This table lists the data reduction type code, the symbols for the para-
meter values which are calculated, and the quantities which must be
specified for each data reduction type.

Input Data Parameters
drtype Description Sequence Calculated
DC DC characteristic vV, I, Wgt 1s, BB, TH, GC,

A, B, VB
(3 Transition Capacitance Vv, Ct, Wgt C, Ny VZ
Curve

Table 2-L4. Zener Diode Data Reduction Types

In the input data a positive voltage corresponds to a forward bias on the
diode junction, and is associated with a positive terminal current.

Any of the applicable parameter symbols may be used in the fixedparams and
startparams fields on the DATA card for a given type of data reduction.
However, specification of GC, A, B, or VB in the startparams field will

be ignored by NET-2.

If data in the forward region is not included for the DC data reduction
type, the parameters IS, TH, and RB will not be calculated; similarly, if
data in the reverse region is not included, the parameters A, B, VB, and
GC are not calculated. Data in the breakdown region must be supplied if
meaningful values for A, B, and VB are to be calculated.
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2.17 Tunnel Diode

NET-2 contains a model for a tunnel diode with optional radiation effects.
These radiation effects are included automatically whenever a neutron or
gamma radiation source is specified in the input.

This model exhibits the normal forward tunnel diode behavior with the
familiar negative resistance region. Reverse region behavior is also
represented.

The tunnel diode is a modeled device and requires device parameters in the
Device Parameter Library. The model number is 3.

Stable solutions will be found only in the positive slope region for cases
when the circuit load line intersects both the positive slope and the neg-
ative slope regions.

The format for the tunnel diode is:

™n (p) A K Type

where: TDn = tunnel diode ID
p = optional parallel segment designation
A = anode node name
K = cathode node name

Type = tunnel diode type name

2.17.1 Equivalent Circuit

The tunnel diode model is represented by the equivalent circuit shown in
Figv 2—5 .
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The current generator I depends upon junction voltage v as

where ¢(t) is the total neutron dose received at time t as specified by
the time integral of the neutron dose specified by the NEUT Entry.

The primary photocurrent Ipp(t) is given as

N % -
\ e L
I telh =1 .zlt) 1 - min (-—3 .9) + 1 g(t-2) dax
pp vl Y, p2 =
o}

where g(t) is the gamma rate due to the gamma radiation source, and the
convolution integral is approximated in the same manner as for the pri-
mary photocurrent generator circuit element (see 2.13).

The transition capacitance is given by

= : Ve
Ct = CO 1 - min ( T .9)

The resistance Rg is given by

o(t)
= R

The value of the inductance L is constant.

The node between the series inductance L and the series resistance R
cannot be accessed by the user.

b




2.17.2 Tunnel Diode References

The symbols used by NET-2 to represent tunnel diode device parameters are
L given in Table 2-5. The user may control and reference any quantity for
which a NET symbol has been assigned. Certain indicated parameters are
not required by NET unless radiation effects behavior is being calculated.
Only numerical constants may be used for parameter values.

Reference to a device parameter within the LIBRARY Entry is accomplished
by simply using the symbolic parameter name. References in all other
entries are made using the symbolic name TDn.x where x is the parameter
name.,

Aol 4

Node 3 in the tunnel diode model is available for connection purposes
using TDn.3 as the node name. The node voltage may be referenced by
using N(TDn.3) as the symbolic name.

eRRT———
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2.17.3 Tunnel Diode Data Reduction

The user is referred to Section 9.1.2.1 for a general discussion of the
data reduction feature. Specific details for the tunnel diode are given
below.

NET-2 contains data reduction capability for obtaining parameters which
describe the DC steady state characteristics of the tunnel diode and the
diode transition capacitance.

The two types of data reduction available are summarized in Table 2-6.
This table lists the data reduction type code, the symbols for the para-
meter values which are calculated, and the gquantities which must be
specified for each data reduction type.

Input Data Parameters
drtype Description Sequence Calculated
DC DC forward characteristic vV, I, Wgt N PAL, BBl B2,
G 214, BE
cT Transition Capacitance ¥, Ct, Wgt co, N, VZ
Curve

Table 2-6. Tunnel Diode Data Reduction Types

In the input data a positive voltage corresponds to a forward bias on the
diode Jjunction and is associated with a positive terminal current. Reverse
bias data is not used for the DC steady state characteristic.

Ideally, the DC steady state characteristic curve should consist of closely-
spaced points, beginning near the origin and extending well into the normal

diode region. As a minimal requirement, the curve should include four data

points in each of the three regions of the forward characteristic curve.

Data in the negative resistance region is desirable but not mandatory. In
the absence of information in this region, the calculated characteristic
curve will be smooth, but may not accurately approximate the device in the
vicinity of the negative resistance region.

Any of the applicable parameter symbols may be used in the fixedparams and
startparams fields on the DATA card for a given type of data reduction.
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2.18 Bipolar Transistor

: NET-2 contains a model for a bipolar transistor with optional radiation
effects. This model may be considered to be either an Ebers-Moll or charge
control model, since these are merely equivalent ways of representing the
same equations. Radiation effects are included automatically whenever a
neutron or gamma radiation source is specified in the input.

This model includes behavior in the active normal, active inverted, satur-
ated and cutoff region. Storage time effects are included. There is no
breakdown of emitter-base or collector-base junction with reverse voltage.
The base spreading resistance is constant and there is no dependence of
emitter-base or collector-base diffusion capacitance with collecting vol-
tage. The normal and inverted current gains may be functions of emitting

Jjunction voltage.
The same model is used for both PNP and NPN devices. Specification of PNP
or NPN is made by setting a device parameter.

f The bipolar transistor is a modeled device and requires device parameters

in the Device Parameter Library. The model number is L.
The format for the bipolar transistor is:
T™n (p) E B C Type Mode

where: Tn = transistor ID

= optional parallel segment designation
= emitter node name

base node name

collector node name

= device type name

optional mode designation

=0

= Qo
9]

o non
o O

The optional mode designation may be used to assist NET-2 in obtaining
the correct DC steady state solution when a bipolar transistor is involved
in a bistable circuit configuration. The word @FF is the only legal mode
designation available for this element; it is used to instruct NET-2 to
maintain the specified transistor in the cutoff condition during the DC
steady state solution. The cutoff constraint is automatically removed
during the transient solution. The mode designation may be superseded in
a specific State, Monte Carlo, or Optimization calculation. Blind use of
the word @$FF in unnecessary situations can lead to serious computational
errors since transistor cutoff is always enforced by NET-2 in such situ-
ations.
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2.18.1 Equivalent Circuit

The transistor model is represented by the equivalent circuit shown in
Fig. 2-6, with polarities shown for an NPN device:

i g

r_—_4cu Ti___T

1

EMITTER COLLECTOR

Figure 2-6. Bipolar Transistor Equivalent Circuit

The common emitter normal current gain B, is given by a third degree
polynomial in the emitter-base junction voltage vj (note that vy is
proportional to the logarithm of the emitter current Ie defined below)

f
Bn = Bn[Al + Apvy + A3(V1)2 + Aq(Vl)al 0<v; <A
The constant A 18 the muxlmum vidue of v for which Lhe nboye polynomin
expression Is valid. VYor values of v preater Lthan A nnd for negative v,
B, = B [A] + AoA + AjA2 + AyA3] vy > A
= BA
Bn n 1 vy <0
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Similarly, the common collector inverted current gain B; is given by a

third degree polynomial in the collector-base junction voltage v?:

Bi = Bl [Bl g B2V2 + B3(V2)2 + Bq(Vz)a] 0 < Vo i'A
Again the constant A specifies the maximum value of vp for which the

polynomial expression is valid. For values of Vo greater than A and
for negative v :

8

. = BylBy * Bk + B3A2 + ByA’] vy > A

w
1}

i BiBl vy <0

The common base normal and inverted current gains may now be computed as

B
n

w o R T SR e
n an

B.
i

i Bi(l ¥ Kai¢(t77’+ 1

where the effects of neutron damage have now been incorporated. ¢(t) is the
total neutron dose received at time t as specified by the time integral of
the neutron dose specified by the NEUT Entry.

The current emitted by the emitter, Ief’ is given by

Ies 01v1
Ief = ifjr:;;;; (1 + Ke¢(t)) e -1

Similarly, the current emitted by the collector, Icf’ is given by

L 02V2
y N cs b
ot BTy ¥ KMt Ne 1

ni

59




Assuming the emitter collects Ic
current generator Il

with an efficiency a, we have for the

£

= - - +
% Ief O"iIcf Ippl(t) Gevl

where Ippl(t) is a primary photocurrent term given by
=)
& 2
(t) ( b RS (4-2) &
I t = I g t) = min S .9 12 f g t- dA
ppl pll Vze, p J -

Similarly, assuming that the collector collects Ie with an efficiency

o we have for the current generator I2 ol

2 et oLnlef‘ . Ipr(t) = GCVQ

L8 )
—
1}
H—
}

where Ipp2(t) is a primary photocurrent term given by

-A
v2 Nc x - 3l
Ipp2(t) = nglg(t) 1 - min 'V—Z-c-, .9 + Ip22 [ g(t=x) -—ﬂ-)‘— dax
5

In the definition of primary photocurrents g(t) is the gamma rate due to
the gamma radiation source, and the convolution integral is approximated
in the same manner as for the primary photocurrent generator circuit ele-
ment (see 2,13).

The emitter transition capacitance is given by
e

Cte = Ce 1 - min (V—’ .9)
ze

Similarly, the collector transition capacitance is given by

'
‘ =N
e
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The emitter diffusion capacitance is given oy

0.I QW
T — (14 K o(t))e 11
C = n 1

+
de W le¢(t)

Similarly, the collector diffusion capacitance is given by {4

6L ©]
(=

2 ¢s
T oo (L+Ko(t)e
;5 0 3

2Vo

de w o(t)

+
2 Kw

2

The resistances Rﬁb and Réc are given as {

Ko 0(t)
b

1

BB b -

it

o(t)
R! R eKRC
ce cc

The equations and equivalent circuit shown above refer to polarities for
the NPN device. However, identical equations may be used for a PNP device
if the polarities of vy and v, are reversed and the directions of current
flow for I and I, are reverseéd on the equivalent circuit. This reversal
is done automatically by NET-2 so that the user needs only to specify
whether an NPN or a PNP device is desired by appropriately setting the
polarity parameter S in the device library. The signs of all parameter
values except S remain unchanged when going from NPN to PNP.
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2.18.2 Bipolar Transistor References

The symbols used by NET to represent the bipolar transistor device param-
eters are given in Table 2-7. The user may control and reference any
quantity for which a NET symbol has been assigned. Certain indicated
parameters are not required by NET unless radiation effects behavior is
being calculated. Only numerical constants may be used for parameter
values.

Reference to a device parameter within the LIBRARY Entry is accomplished
by simply using the symbolic parameter name. References in all other
entries are made using the symbolic nane Tn.x where x is the parameter
name.

The mode designation for a transistor may be altered from its original
status using the name Tn.M@DE followed by the word @FF or N@UNE. @FF
establishes the cutoff mode for the transistor during the DC steady state
calculation; N@NE removes a previously established @FF mode.

Internal nodes 4 and 5 in the bipolar transistor model are available for
connection purposes using Tn.y as the node name, where y is 4 or 5. The
node voltage may be referenced by using N(Tn.y) as the symbolic name.

The user may reference the base-emitter voltage, the base-collector voltage,
the collector-emitter voltage, the emitter current, the base current, the
collector current, and the total transistor power dissipation by using the
symbolic names VBE(Tn), VBC(Tn), VCE(Tn), IE(Tn), IB(Tn), IC(Tn), and P(Tn),
respectively.
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2.18.3 Bipolar Transistor Data Reduction

The user is referred to Section 9.1.2.1 for a general discussion of the
data reduction feature. ©Opecific details for the bipolar transistor are
given below.

NET-2 contains data reduction capability for obtaining parameters which
describe the DC steady state characteristics of the bipolar transistor
in cutoff, normal, inverted, and saturated regions of operation, and
parameters which describe the emitter-base and collector-base transition
capacitance.

The six types of data reduction available are summarized in Table 2-8.
This table lists the data reduction type code, the symbols for the para-
meter values which are calculated, and the gquantities which must be
specified as data for each data reduction type.

Input Data Parameters

drtype Description Sequence Calculated

DCN Normal DC characteristic Vbe, Ib, Ic, Wgt A, Al, &2, A3, Ak, BN,
GE, IES, RBB, THE

DCN1 Same as for DCN Vbe, Bn, Ie, Wgt Same as for DCN

DCI Inverted DC characteristic Vbe, Ib, Ie, Wgt B1, B2, B3, B4, BI,
¢Cy ICS,; RCC, THC

DCI1 Same as for DCI Vbe, Bi, Ic, Wgt Same as for DCI

CTE Emitter-base transition Vbe, Cte, Wgt CE, NE, VZE

capacitance curve

CTC Collector-base transition Vbe, Cte, Wgt CCy NCy VEC
capacitance curve

Table 2-8. Bipolar Transistor Data Reduction Types




‘ The DCN and DCN1 data reduction types are identical except for the quan-

tities which are required as input data. Similarly, the DCI and DCIl

types are identical except for the input data quantities. If DCN (or

DCN1) and DCI (or DCI1) data reductions are both specified, reduction of

the two sets of data will be performed alternately in order to obtein a

consistent set of parameter values. The CTE and CTC data reductions are |
handled independently. |

Due to the interdependence of the normal and inverted data reductions,
special cases result if both sets of data are not submitted together. If
only normal data is submitted, a value must be available for BI. Similarly,
if only inverted data is submitted, a value must be available for both BN
and RBB.

In the input data a positive voltage corresponds to a forward bias on the
semiconductor junction and is associated with a positive terminal current.
Inverted data is measured by operating the transistor with the emitter and
collector leads exchanged. There is no distinction between PNP and NPN
transistors in the input data sign conventions.

CAs

The user should attempt to supply data over as wide a range as is feasible.
If data is not supplied near v = 0, the calculated beta polynomial may be
negative or have a negative slope at small voltage values. When this
happens, NET-2 will recalculate the coefficients using a method which
constrains Al and A2 to be non-negative, and an informative diagnostic
will be printed, provided Al (or Bl) has not been specified in the
startparams field.

Many options are available to the ser for controlling the parameters A,

‘ Al, A2, A3, AL, Bl, B2, B3, and BL. All specifications for these para-
meters in the startparams field are ignored by NET-2 except for the
parameter Al (or Bl). The following general rules apply:

The parameter A is always equated to the most positive value of the internal
Junction voltage. If both normal and inverted DC calculations are made, A
will be the lesser of the values calculated from the two sets of data. The
parameter A cannot be fixed unless all other parameters Al, A2, A3, AL, Bl,
B2, B3, and Bl are also fixed.

The Al, A2, A3, and Akl coefficients (or Bl, B2, B3, and Bl coefficients)
must be fixed, in order, from one end of the polynomial or the other, but
not both. For example, one cannot fix both Al and AL; the result would
be that Al is fixed, Al is not fixed.

If Al (or Bl) is fixed, then A2 (or B2) is the only other coefficient that
may be fixed. If A2, A3, or Ak (or, alternatively, B2, B3, or BL) are fixed
singly or in combination, the order of the polynomial curve fit is reduced;
for example, A2 fixed implies A3 = AL = 0,
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A more detailed exposition of the above general rules follows below:

If Al (or Bl) is specified in the fixedparams field the final parameter
value for Al (or Bl) will be that which was specified. If Al (or Bl) is
specified in the startparams field, the final value for Al (or Bl) will be
that required by the least squares fitting process. If the final value of
either Al (or Bl) or A2 (or B2) is negative (implying a negative dip in the
beta curve near the origin) a warning message will be printed but the values
will not be recalculated. This is in contrast to the action which occurs
when Al (or Bl) is not specified in the startparams field, whereby the para-
meters are recalculated to constrain Al and A2 (or Bl and B2) to be non-
negative if the normal least squares process causes either of them to be
negative.

If A2 (or B2) is fixed, one of two actions may occur. If Al (or Bl) is also
fixed, then the user is specifying a slope and intercept for the curve and
the values of A3 and Ak (or B3 and BL4) will be chosen to be consistent with
the fixed values. If, however, Al (or Bl) is not fixed then the parameters
A2, A3, and A4 (or B2, B3, and BL4) will be set to zero and the arithmetic
average for the beta curve will result.

If A3 (or B3) is fixed then NET-2 will set A3 and Ak (or B3 and BL) to zero,
giving a linear fit, provided Al (or Bl) is not fixed. If Al (or Bl) is
also fixed, then the fixed values of A3 (or B3) will be ignored.

If A4 (or BL4) is fixed, then NET-2 will set AL (or B4) to zero, giving a
quadratic fit, provided Al (or Bl) is not also fixed. If Al (or Bl) is
also fixed, then the fixed value of A4 (or BL) will be ignored.

The parameters IES, RBB, THE, ICS, RCC, and THC are calculated by an iterative
linearized least squares annlysis. Normally, NET-2 calculates initial values
for these parameters by a linear approximation. However, the user may supply
starting values for any or all of these parameters. These starting values will
be used if the appropriate parameter symbol is included in the startparams
field on the DATA card.

In general, it is recommended that the user permit NET-2 to calculate initial
values, unless convergence problems are encountered.




2.19 MOS Field Effect Transistor

NET-2 contains a model for the MOS field effect transistor (MOSFET) with
optional radiation effects. Radiation effects are automatically included
whenever a neutron or gamma radiation source is specified in the input.

This model exhibits the very high gate input impedance normally found in
MOSFETs. The model may represent either PNP or NPN structures, and may be
operated in both the enhancement and depletion modes. Symmetric character-
istics with respect to drain-source voltage polarity are observed.

The MOSFET is a modeled device and requires device parameters from the
Device Parameter Library. The model number is 5.

The format for the MOSFET is:
MFETn (p) S G D SS Type

where: MFETn = MOSFET ID

p = optional parallel segment designation
S = source node name
G = gate node name

D = drain node name
SS = substrate node name
Type = MOSFET type name

2.19.1 Eqguivalent Circuit

The MOSFET model is represented by the equivalent circuit shown in Fig. 2-T.
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Figure 2-7. MOSFET Equivalent (lrcuit
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The junction capacitances depend upon the gate-source voltage V and the
gate-drain voltage ng: &s

gs gsl £s gl

gs Vg2

VAl

Similarly,

=C \'
gd gdl gd ngl

:

v <V
? gdl i'ng = gd2

I
[N
L’;
=<
A
ol

gd2 gd

The controlling equation for the current generator I is a function of the

] gate-source voltage V,, and the drain-source voltage Vgg- Fig. 2-8 shows ‘
the V-I characteristic for the MOSFET (the characteristic is mirrored in |
the third quadrant for inverted operation). It is seen that the curve at |
constant Vgg consists of a rounded portion (region A) in the low Vag region,
and a flat almost constant current curve (region B) in the higher V4g region. i
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Figure 2-8. MOSFET Drain-Source Characteristics

Let the slope in region B be given by the general expression

= +
oV Kl K2Vgs+K3vgs
Let the current in region A be given by

= + + A
I Vds[Al Az/vds AT vgs( Y 5 gs)]

Now define a locus of points, corresponding to different values V_ where
the slope of the region A equation is equal to the slope in region B.
This locus will occur at a value of V4q = V5, for a given value of Vgs»
and is the boundary line between regions A and B. Thus, in region B:
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The current generators I. and I, correspond to conventional pn junction
models, and are functions of the substrate-source voltage vl and substrate-
drain voltage Vs respectively:
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where ¢(t) is the total neutron dose received by time t as specified by
the time integral of the neutron rate specified by the NEUT Entry.

The prima hotocurrents I __(t) and I ,(t) are given b
D ry p ppl pp2 g ¥
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wnere g(t) is the gamma rate due to the gamma radiation source, and the
nvolution integral is approximated in the same manner as for the pri-
narv notocurrent generator circuit element (see 2.13).
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The capacitances C. and C_, contain both depletion and diffusion terms

and are given by
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The current generators I, . and Igd represent gate-source and gate-drain
ionization from gamma radiation and are given by

I =
gs Kgsvgsg(t )

o=k

” gdvgdg(t)

The MOSFET model as described corresponds to an n channel device. NET-2
uses voltage polarities corresponding to normal operaticn of an n channel
device for the MOSFET model. However, the user may specify either a p
channel or an n channel device and NET-2 will automatically adjust the
signs of the voltages and currents to account for the type of channel

and also for inverted operation. The user need not be concerned with
this sign manipulation.

2.19.2 MOSFET References

The symbols used by NET-2 to represent the MOSFET device parameters are
given in Table 2-9. The user may control and reference any quantity for
which a NET symbol has been assigned. Certain indicated parameters are
not required by NET unless radiation effects behavior is being calculated.
Only numerical constants may be used for parameter values.

Reference to a device parameter within the LIBRARY Entry is accomplished
by simply using the symbolic parameter name. References in all other
entries are made using the symbolic name MFETn.x where x is the parameter
name.
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2.19.3 MOSFET Data Reduction

The user is referred to Section 9.1.2.1 for a general discussion of the
ﬁ : data reduction feature. OSpecific details for the MOSFET are given below.

NET-2 contains data reduction capability for obtaining parameters which

. describe the DC steady state drain-source characteristic for the MOSFET.
The data reduction is summarized in Table 2-10. This table lists the data
reduction type code, the symbols for the parameter values which are calcu-
lated, and the quantities which must be specified for each data reduction

type.

Input Data Parameters
drtype Description Sequence Calculated
DC Drain-source DC Vgs, Vds, Id, Wgt | Al, A2, A3, Ak,

characteristic RS, Kl K25 K3

Table 2-10. MOSFET Data Reduction Types

The polarity of the data must correspond to that for an n channel device as
illustrated in Fig. 2-8. Complete drain-source characteristics should be
supplied for at least three values of V g+ 1t is important that the data

be closely spaced about each knee so that the shapes are adequately described
in these regions.

Any of the applicable parameter symbols may be used in the fixedparams field
on the DATA card. All entries in the startparams field are ignored by NET-2.

If Al is fixed, the calculation for Al, AL, and A5 will be omitted. If A2
is fixed, the calculation for A2 and A3 will be omitted. If A3 is fixed,
the fixing of A3 will be ignored and a value will be calculated for A3. If
Al is fixed, values of zero will be used for AL and AS. If AS is fixed,

ﬁ a value of zero will be used for AS.

If K1 is fixed, the calculation for K1, K2, and K3 will be omitted. If K2
is fixed, a value of zero will be used for K2 and ¥F3. If K3 is fixed, a
value of zero will be used for K3.

o
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2.20 Junction Field Effect Transistor

NET-2 contains a model for the junction field effect transistor (JFET) with
optional radiation effects. Radiation effects are automatically included
whenever a neutron or gamma radiation source is specified in the input.

The model may represent either PNP or NPN structures. Assymmetric charac-
teristics are available with respect to drain-source voltage polarity.

The JFET is a modeled device and requires device parameters from the Device
Parameter Library. The model number is 6.

The format for the JFET is:
JFETn (p) S G D Type

where: JFETn = JFET ID

p = optional parallel segment designation
S = source node name

G = gate node name

D = drain node name

Type = JFET type name

2.20.1 Equivalent Circuit

The JFET model is represented by the equivalent circuit shown in Fig. 2-9.

t—Vgd — 1
3
—-@-—I ~——ODRAIN
15 Cgd 7
GATE O— #2 s Vds
Iy
13 o &
@-—I +—osounc T
ft— Vs —— 1

Figure 2-9. JFET Equivalent Circuit
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The current generator I, represents the drain-source volt-ampere charac-
teristic, where I; is a function of Vgg and Vgs' NET-2 uses voltage
polarities corresponding to normal operation of an n channel device in
the JFET model. Thus, the equations developed below represent normal n
channel operation. NET-2 automatically adjusts the signs of voltages and
currents to account for inverted operation and for p channel devices and
the user need not be concerned with this sign manipulation.

The drain-source characteristic for normal n channel operation is shown
in Fig. 2-10. The characteristic is divided into two regions, a low vol-
tage "channel on" region where the current depends upon V4g according to
a power law, and a saturation region where the channel is pinched off and
the characteristic is essentially resistive.

1.01

0.8 1

Ip—DRAIN CURRENT—-mA

0 5 10 15 20 25
Vps—DRAIN VOLTAGE-VOLTS

Figure 2-10. JFET Drain-Source Characteristics

The "channel on'" conductance is defined as G = aIl/BVd at v
is given by a quadratic of the form ~ S

as = 0, and

-KG®(t)
)2
re

G = |G _+A(V -V )+A(Vv -V e
ce 1 g re 2" gs

S




where G.. is the measured conductance at Vgq = O for Vgg = Vpe, and Aj and
Ap are fitting parameters. ¢(t) is the total neutron dose received by time
t as specified by the time integral of the neutron rate specified by the
NEUT Entry.

The conductance in the saturation region is modeled as an expression of the
form

-K.0(t)

2 G

G =
3, (sl+sgvgs+33v8s Je

where Sl’ 32, and 83 are fitting parameters.

Let us now define the current Iy as having a value Ig; at some fixed vol-
tage V3g = V4st which is well into the saturation region. Since the con-
ductance of the saturation region is known to be Gg, we can now write an
expression for I] in the saturation region as

= + o -
Il Ids Gs( ds vdst)

This expression simply shows the linear dependence of I; on Vag for a given
value of V, . We have already defined the dependence of Gg on Vgs§ however,
we still require an expression for Igg as a function of Vgg, where Igg is
the value of I at Vgg = Vggy. This is given by

-K_. ¢(t)

Ids
IdS = Gl + GQVgs + G3Vgs e

We now have equations which uniquely describe the current in the saturation
region. We still require expressions for the current in the channel "on"
region as well as a definition of the boundary between the channel "on" region
and the saturation or pinchoff region.




Let us define a pinch-off voltage Vp. Theoretically, the channel should

pinch off right at this voltage. In practice, however, the actual value

of Vgg where pinch off occurs can be greater than Vy,. For ilis reason, a
voltage called Vsat is introduced to represent that voltage at which the

characteristic becomes resistive, governed by the conductance Gs. The

expression for V 18
sat

where Vi is a fitting parameter. Thus Vg, depends upon Vgs’ and a locus

of values of V exists for different V values.
sat gs

Finally, the expression for Il in the channel "on" region is given by

where the constants By and B, are fitting parameters. Note that the slope
of the characteristic at V4o = O is equal to the channel "on" conductance
G, as required. The constants B, and B, are chosen by NET-2 such that Iy

and aIl/avdS are continuous at Vds = Vsat'

The quantities developed above are indicated in Fig. 2-11 to illustrate the
concepts involved.

LOCUS OF Vg AS FUNCTION OF Vg

' SATURATION REGION:
SLOPE=Gg
/ "11=1gs+Gs(Vds—Vdst)

Ids — - ——— ]

[

!

CHANNEL ON REGION—H /
B !

11=GoVystBqVys 2 /

~
~<
——

|
SLOPE=G, —ae k. 1 |
Vet Vst

Figure 2-11. Illustration of JFET Model Parameters and Equations




Actually, NET-2 has the ability to represent different curves for the JFET
in the normal and inverted modes of operation. This is accomplished by
storing pairs of parameters for the constants Vp, Vs G3, Gp, G3, and Viast -
The selection of the correct value from the pair is done automatically by
NET-2

A capacitance Cyg exists across the drain-source terminals in the model.
The value of this capacitance is constant.

The JFET model also contains two pn junctions. These junctions are modeled
in a conventional manner, similar to the diode model.

The current generators 12 and I3 are given by

i
n

2 gd
- Igdo(l + Klgd¢(t)) e - 10~ Ippe(t)

H
n

3 Igso(1 it KIgs Ipp3

The prim hotocurrents I (t) and I t) are given b
primary p pp2' ¥ op3(t) g y

=)
N 4
(¢) = 1_g(t) {1 (Z& ) i e
= gt - min 5 — dX
pp2 p2l Vng / 3
-
N i
() I (‘t) 1 (.\:55_ 9) = € E
= g - min % — d)
pp3 p3l Vags / /7

where g(t) is the gamma rate due to the gamma radiation source, and the
convolution integral is approximated in the same manner as for the pri-
mary photocurrent generator circuit element (see 2.13).
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The capacitances ng and Cgs represt th depletion and diffusion effects
and are given by
o,V
— 2 gd
i e Ongdo(l + KIgd¢(t)) e <8
Ca=Ca 1 - min VL',-9 * w, + K _o(t)
£ gdao zed 2 w2
-N C?Vgs
v gs 031 (1 + K o(t)) e~
Con = © L= min| &, 9 P
gs gs0 zgs 3 w's

2.20.2 JFET Parameter Symbols

The symbols used by NET-2 to represent the JFET device parameters are given
in Table 2-11. The user may control and reference any quantity for which a
NET symbol has been assigned. Certain indicated parameters are not required
by NET unless radiation effects behavior is being calculated. Only numerical
constants may be used for parameter values.

Reference to a device parameter within the LIBRARY Entry is accomplished by
simply using the symbolic parameter name. References in all other entries
are made using the symbolic name JFETn.x where x is the parameter name.
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2.20.3 JFET Data Reduction

The user is referred to Section 9.1.2.1 for a general discussion of the
data reduction feature. Opecific details for the JFET are given below.

NET-2 contains data reduction capeability for obtaining parameters which
describe the DC steady state drain-source characteristics in both the
normal and inverted mode of operation.

The two types of data reduction available are summarized in Table 2-12.
This table lists the data reduction type code, the symbols for the para-
meter values wnich are calculated, and the quantities which must be speci-
fied for each data reduction type.

drtype Description

Input Data
Sejuence

Parameters
Calculated

DCN Normal drain-source
DC characteristic

DCI Inverted drain-source
DC characteristic

Vgs, Vds, Id, Wgt

Vgs, Vds, Id, Vet

G1N, G2N, G3N, VPN,
VKN, VDSN, VRC, GCC,
s1, s2, S3

€11, ¢2f, 631, VL,
VKI, VDSI

Table 2-12., JFET

Data Reduction Types

8k
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For the DCN data reduction, the input should be a complete set of first
quadrant drain-source characteristic curves for at least three values of
Vgs. The polarity must be that of an n-channel device as illustrated in
Fig. 2-10. It is important that the digitized data be closely spaced
about Vsat for each curve, unless the user supplies values for VPN and
VKN, and fixes them by including them in the fixedparams field.

For the DCI data reduction, the input is a set of third quadrant drain-
source characteristic curves. However, the signs of the numerical data
must be the same as for an n-channel device operating in the first quadrant
such as illustrated in Fig. 2-10. The comments for the DCN data reduction
apply to the analogous parameter evaluations in the inverted mode. There
is no analysis of data in the "on" region in the DCI data reduction. How-
ever, data must be supplied about V.., unless the values of VPI and VKI

are supplied by the user.

The parameters VKI, VKN, VPI, VPN, VDSI, VDSN, and VRC may be fixed, either
singly or in combination.

The JFET model includes four polynomials specified by the parameters GCC,
Al, and A2, the parameters G1N, G2N, and G3N, the parameters GlI, G2I, and
G3I, and the parameters S1, S2, and S3. Each of these polynomials is a
quadratic in form, composed of a zero order coefficient, a first order
coefficient, and a second order coefficient. For each polynomial the
following rules apply in regard to fixing parameter values: If the zero
order coefficient is fixed, then the calculation for all three coefficients
of that polynomial are omitted; if the first order coefficient is fixed,
then a value of zero is used for the first and second order coefficients;
if the second order coefficient is fixed, then a value of zero is used for
the second order coefficient.

All entries in the startparams field are ignored by NET-2.

—
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2.21 Core Winding .

The core winding is a circuit element which is magnetically coupled to an l
associated magnetic core element through a specified number of turns. The A |
format is: |

CWn a b MCn N, R

where: CWn = core winding ID
a and b = core winding terminal node names
MCn = magnetic core ID for core linked by winding
N = number of winding turns on magnetic core
R = resistance of winding
The winding resistance must not assume a value of zero. The winding resis-
tance specification is optional; NET-2 will supply .0001 as a default value.

Current flowing through the core windings associated with a particular mag-
netic core produces a magnetomotive force F on the core. The core undergoes
a change in magnetic flux as a result of the application of the magnetomotive
force. This change in flux induces a switching signal back into the various
core windings. The switching is electrically represented in the core winding
by a series impedance and voltage source.

The equivalent circuit for the core winding is shown in Fig. 2-12.

®

Figure 2-12. Core Winding Equivalent Circuit
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The circuit elements R, and V, represent the Thevenin equivalent circuit
of the magnetic core and are given by:

| - N2¢'
| :
! Vc =N¢ - R 1
where: $ = %%, the time rate of flux change,
¢ = the flux in the magnetic core linked by the winding due to

currents flowing in all windings linking that core,

&' = %%3 where F is the magnetomotive force producing the flux ¢,
N

the number of turns of core winding linking magnetic core,

R

core winding resistance,

i = current through core winding.

Details concerning the derivation of the cgre winding model may be found

in the MTRAC report by Nitzan and Herndonl",

The voltage v across the core winding is given by

v=e -e€
a b

where e, and ey are the node voltages at nodes a and b, respectively.

The current i flowing through the winding is given by

v -V
i=———9—
R + R
(¢

The power dissipation P is given by

The user may make reference to the number of turns N, the series resistance

R, the voltage v across the winding, the current i through the winding, and
the power dissipation P of the winding by using the symbolic names CWn, CWn.l,
v(Cwn), I(CWn), and P(CWn), respectively.
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2.22 Magnetic Core

NET-2 contains a model for a square loop magnetic core linked with an
arbitrary number of windings. The model was developed by Nitzan and is
similar to the core model used in the MTRAC program.l »15  The core model
in NET-2 accepts only ¢(F) curve data, as opposed to the MTRAC model
which also accepts B(H) curve data. The magnetic core model is applicable
to ferrite cores and to slowly switching tape-wound metallic cores with
different ¢(F) characteristics.

The magnetic core model has no electrical terminals. Linkage to the
electrical circuit is accomplished through core windings which are
associated with a particular magnetic core. The format is:

MCn (p) Type ¢o

where: MCn = magnetic core ID
p = optional parallel segment designation (including associated

windings)
Type = type name for magnetic core
¢ = initial remanent magnetization of core, expressed as a signed

fraction of the remanent magnetization parameter ¢r
The specification of ¢o is optional; NET-2 will supply O as a default value.

The magnetic core requires device parameters from the Device Parameter
Library. The model number is 9.

The core model accounts for both elastic and inelastic switching components
of flux. The total ¢ is the sum of these two components:

AL
¢ ¢€ ¢l
Since 5' = g%- we must also have
3¢ 3,
e S e L o g
' =% * IF e %

Models for ¢ and $, are described in 2.22.1 and 2.22.2.
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2.22.1 Elastic § Components

The quantity &e is given by

where

oy |19 2

Py
pl—

The quantity $é is given by
At
¢6

where

By 1 1
e L R

and s = sign (F).

The calculation of $€ and 5; may be bypassed if desired (2.22.5).

¢e eF

1% * 5, *Int TH *+ o,
¢ = oy
(L. -1 )E

(o] Al a
p2 = H Lo
%3 a

Ea i

i e'F

1 3

© < F\ET Y, * MR,
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2.22.2 Inelastic é Components

‘The quantity $i is given by

where s = sign (F).

By differentiating $i with respect to F we obtain é{ as

2
250 + ¢, - o, )

| 5 Eigl e
L ¢d ¢p ¢p

(os¢ + g = ¢d)(s¢ + ¢S)
)3 %4

©-

e =

(o  + 04

where ¢§ = d¢p(F)/dF and ¢é = d¢d(F)/dF.

Models for ¢, ¢}, ép, and 55 are described in 2.22.3 and 2.22.h

2.22.3 Static ¢(F) Curve Model

The equations which describe in piecewise fashion the ¢(F) curve are pre-
sented in this section. First a general model is given, encompassing all
regions of the curve. Then, certain portions of the curve are deleted,

leading to simplified curves requiring fewer device parameters to describe
the curve shape.
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2.22.3.1 General ¢(F) Curve

Fig. 2-13(a) illustrates the general ¢(F) curve shape, representing the
quantity ¢4 as a function of magnetomotive force F. The curve consists
of six regions.

Regions 1, 4, and 5 describe ¢4(F) of ferrite cores with no ¢4 jump at
the threshold F = Fdl' Regions 2 and 3 extend the ¢35 behavior to ferrite
cores with ¢35 jumps and to tape-wound metallic cores of various types.

Region 1 is an extension of the region of negative saturation. It is
described by the function

g = F-HL
¢=s X T Al (e -
d { =~ L. JE P=C"H L, o
o i 8 a 1

where L; and L, are inside and outside circumferential lengths and H, is
a material saturation constant.

Region 2 accounts for a possible curvature in ¢d(F), such as may be found
in tape-wound cores. This curvature is described by a four-parameter

; Pl s Shhey

+ - + - s
function of the form P p6(F Fdl) p8(F Fdl) which satisfies the
following requirements: It is tangent to ¢d(F) of Region 1 at the point
(Fdl’ ¢dl)’ thus fixing Ps and Pg» and it passes through the points
(Fyps 04,) and [Fy , 1/2(6y, + ¢,,)], vhere 1/2(Fy, + F ) <Fy < Fyos
thus fixing p7 and Pg: Note that Fdz affects the curvature of ¢d(F) and
that if F = 1/2(F'dl + ng), then ¢d(F) becomes a straight line connecting
10 %q1) and (Fgos 24,

the points (Fd

to approximate a jump in ¢d(F) at F = Fd by a monotonically increasing
$g(F) (usually, a straight line of a high slope) in order to prevent com-
putational oscillations.

). Region 2 may, alternatively, be used

Region 3 is a straight line between the points (Fdz’ ¢d2) and (Fd3’ ¢d3)'

This region is included because a large portion of the static ¢(F) curve
of a tape-wound core, whose static B(H) loop is square, is linear. The
larger the ratio OD/ID of the core, the lower the slope of Region 3.
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Regions 4 and 5 (or Region 5 alone) describe the nonlinear portion of
¢4(F) from nonsaturation to saturation. These regions cover most of
the static ¢(F) curve of a ferrite core. In the case of a tape-wound

core, the ¢4(F) "wing" that approaches saturation is likely to be
described by Region 5 alone. Region 4 is described by the function

H
Fl-H;in

(6_ + ¢_)H

L e h el B ol

%" T - 1. 08 F-HL.
(@] 3 - B R 1l

and Region 5 is described by the function

+ H F - H
¢=z(_§___¢£)y_9. PR S Tl SER T E oty v
a™ T -1 )¢ 5 M H H Fent. 11 ~ %
(9] X B n il

¢
H:;ln—%;- B =, 8o g1+t H H
S S ¢s a q
where
¢r
H =H +H +H +— (H +H -H)
S a q n ¢ a q n

S

Region 6 describes ¢4q(F) in the positive saturation region. It is anti-
symmetric to Region 1 if the latter were extended to the region of negative




e

A

F. Because of the antisymmetric relation ¢d(F) = -¢d(-F), Region 6 is
described by the function ]

¢ ¢ F + H L E

5 F.In F+HL .

(F) in Region 6.
d¢d
The quantity ¢' is given by == and is the slope of the ¢ (F) curve.
d daF d

where ¢ds(F) denotes 04

2.22.3.2 Simplified ¢(F) Curves

The general curve for ¢(F) described in 2.22.3.1 can frequently be simpli-
fied for specific cores, depending upon the material, dimensions, and the
temperature of these cores. Assuming that Regions 1 and 6 are nonlinear,
six simplified models, referred to as Types 1 through 6, are distinguished
in Fig. 2-13(b). Note that no distinction is made between the case of both
Regions U4 and 5 and the case of Region 5 alone because the two cases are
related. Usually, polycrystalline ferrite cores are characterized by Types
2 and 4, whereas gain-oriented tape-wound cores may exhibit any type.

These simplified curves are obtained by eliminating one or more regions
from the general curve as follows:

Type 1 -- Region 2 is eliminated.

Type 2 -- Region 3 is eliminated.

Type 3 —- Regions 4 and 5 are eliminated.
Type 4 -- Regions 2 and 3 are eliminated.
Type 5 -- Regions 2, L4, and 5 are eliminated.
Type 6 -- Regions 3, L4, and 5 are eliminated.
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2.22.4 ép(F) Curve Model

Fig. 2-1L4 shows the dependency of ¢ upon F. The equations which describe
this curve are:

0 forB L F R,
Ya
AR =P ) R R BT 2T
;: = _ " \Y
L < MF ~ Fo) ol TR Y
o (F - FO) for FB <F :'FBl
\ ppl(F - FOl) for FBl S

This model includes a linear $ (F) region for F > Fp;. This region has
been observed with some tape-wound metallic cores. For most cases, however,
this additional region is unnecessary and will be avoided automatically by
assigning a zero value to Fpj.

Differentiation with respect to F of the equations for ¢ lead to a set of
equations for ¢'

0 for 0 < ¥ i-Fdl
Va
VhglP = Bag) “/(F « Fgy) for Fo, < F2F
i a _ @)V _ "
o= < WA(F - F9)V/(F - F3) for Fup < F <
for FB SFE S K
tor Mes < ¥
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i i e

Figure 2-14, &’p(F) Curve Model
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Nine parameters (Ad, vd, FdB’ Fg, N iy FB’ FO’ and p ) define the first

four regions of the ¢ (F) curve. However, the values of some of these
parameters may be approx1mated quite closely from the values of the
remaining parameters.

For continuity, the expressions for &p(F) and dép(F)/dF of neighboring

regions must be equal at the borders F = FdB and F = FB.

Continuity at F = FB imposes the relations

"
FB FO

Y= _ T

These relations impose four constraints on the nine parameters reguired.
Hence, only five parameters are needed to completely specify ¢ vs F.

In addition, the parameter FdB can be obtained from the empirical relation

~ "
FdB el FO

Thus, if the values of F!, FB’ FO, and op are known, the remaining param-

eters required for the $p(F) curve may be determined.
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2.22.5 Magnetic Core Parameter Data

Since the magnetic core model may be used in several optional forms, it is
useful to summarize the parameter subsets which are required for each of
the options.

Basically the core model consists of two parts, namely, a model for elastic
flux switching and a model for inelastic flux switching. The inelastic
model, in turn, is derived from two characteristic curves, ¢d(F) and ¢ (F),
shown in Figs. 2-13 and 2-1k, respectively. P

NET permits the user to bypass the elastic model completely for any partic-
ular core, if desired. This is done by setting the device parameter ELAS = O.
When the elastic switching is bypassed NET sets ¢€ = ¢é = 0

NET also provides a parameter for each magnetic core to assist in convergence
of the currents in the individual core windings which 1link that core. This
parameter, PSTEP, normally has a value of zero, in which case Aitken's formula
is used to smooth the core winding currents. An alternate value of unity for
PSTEP accomplishes smoothing by a simple averaging technique, based on present
and immediate past values of currents.

2.22.5.1 ¢(F) Curve Parameter Data

The ¢(F) curve in its most general form (Type 0) requires the quantities

Ps Pos Fdl’ Fdz’ Fd2’ Fd3’ %300 Lo Lys H s Hq, and H to be specified.

However, if Region 2 is linear (with either finite or infinite slope),
the quantity F3, = O is specified. If Region 2 is linear and has an in-
finite slope (jump), the quantity Fqo = 0 is specified.

When simplified models are used for ¢(F) curve, certain parameters may be
omitted. These are summarized below:

Type 1 -- Omit F,_, F s 8y,

Type 2 -- Omit F,

Type 3 -- Omit H_, H_

Type b -- Omit Fyys Fy s Fyos Fyzs 055
Type 5 - Omit Fy ., Fyps 0go0 Hos Hy
Type 6 -- Omit Fd3, 9400 Hq, H

In types 0, 2, 3, and 6 the quantities Fq, and Fd may or may not be required
depending upon whether or not Region 2 is linear and has finite or infinite
slope, as described above.
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2 20,59 ép(F) Curve Parameter Data

The 6 (F) curve in its most general form requires specification of the
. n
quantities Xd, vd, FdB’ FO, A, V, FB, FO’ pp, FBl’ FOl’ ppl.
If Region 2 is unknown, set FdB = Ad = V4 = 0 (NET will approximate these
as indicated below. If Region 5 (F_. < F) is absent, set F.. = 0 (F
T Bl — Bl 0l
and Po1 need not be specified).
NET provides default values automatically for certain quantities whose
values are entered as zero by the user. The default values are given

below:
1A ¢s = 0 ¢S = l.l¢r
"
E 4 = = FB L FO
L v= 10, v = o
é B 0
-
p
Iy =0 )= = =
" =
v(Fb FO)
_ _ Faa~ "aa
If Ve = 0 Yy EVE T
dB 0
! (v/vy)
l If A= 0, Ay =) Roen e
dB dl
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‘ 2.22.6 Magnetic Core References

The symbols used by NET-2 to represent the magnetic core parameters are
given in Table 2-13. The user may control and reference any guantity for

which a NET symbol has been assigned. Only numerical constants may be
used for parameter values.

i Reference to a device parameter within the LIBRARY Entry is accomplished |
1 by simply using the symbolic parameter name. References in all other

|
entries are made using the symbolic name MCn.x where x is the parameter |
name .

The user may also reference the initial remanent magnetization factor ¢
by using MCn as the symbolic name. *

100




(2°6*22'e @3s) TeuoT3ldo 0 suin3-vw gad anTeA Jum SAINd (J4)¢ d
(2°6°22 2 @3g) Teuorido 0 Teota 1dwa ann Ja3auweysd aAIND ?C.mo Pa
L]
d
(2°§°22 2 23g) Twuotrido 0 Teo tardwa AVaw1 233awexsd 2AanD (J) w u«
(16722 2 998) u
9 pus ‘G sadAl 103 TeuOoTldp 00T | wo/suin3-suw NH I939weaed UOT3BINIBSUOU TETIIIBY H
(1°6°22 2 298) b
pus ‘G sadA] xoy TvuUOT3dp 002 | wo/suany-su ®H J9j3awered UOT3BINBSUOU TBTISIBK H
9
000T | wo/suinj-sm VH Ja39weaed uUO}3IBINGEE TBTIIIBH u:
(1°6°22 ¢ 299) F4Y
9 pus ‘g1 sadfy aoy TeuoTldp 10° - sJ3Qqamu 2AIHd aNTBA XNTJ 2AIND (4)¢ ¢
(1°6°22 ¢ 998) €
9 pus ‘n*2 sadA], 103 TwUOT3dQ 0 suJn3-8vll €ad anyBA Jmm 3AInd (J4)¢ uh
(1°6'22°2 938)
SUOT3TPUOD SNOTJIBA I3pun TBUOT3dQ 0 suIn3-suw 2ad anTeA Jum IAIND (J4)¢ Num
(1°6°2e*2 @9g) 2p
SUOT3TPUOD SNOTIBA Japun [vuUO}3dQ 0 SUIN3-BUW zad onNTBA Jum 3AIND (4)¢ a
(T1°6 22 2 @9g) # 2dAy 103 TBUOT3dD 002 SUIN}-8W Tad Juw pTOYsaIyL oy
(1°6°c2°c pus g£°ge*eg 999)
9 J0 *Gq*E*2 10 = antsA 2 auou IdAL 8dA3 uorzdo aaamd (J4)¢ auou
£0° SI3qaMU ¥IHd XNTJ JUSUBWSI UNWIXBR ue
s
(e:6°22 e 998) Teuot3do 0 sa3qanu SIHd XnTJ UOF3BINLEBG ¢
(ar)e = wq 2'0 uo ar J3939uBTp PPISUL auou
(ag)s = oq 7'0 wo ag J332WBTp IPTSINQ auou
S3uaWWo) anTep s3Tun ToquAs aureN ToquiAg
3TNBI3Q LaN IaN uot3snby

el i 0 T sl i ¥ e e

(6 T3poW) sToquAg axo) dj33udel

£1-2 2199l

101

L

¥

}
|
)




(26222 ?@33) Teuctado 0 T80 TxTdwa Tdpd Jaqauered aAIND :vmm H&q
(6222 @9g) J0303T3S BINWIOJ
BINWIOJ U3Y3TY I0J 0 = dAILSd 0 auou da1sd Furyjzoows 3uaxand JuUIpuIM 3I0) auou
(6°2e e 998)
UOT3BINOTBO OT13SBTD J0J T = SVIA 0 auou Sy1d Ja39weasd ssedAq UOT3BINOTBO OT13SBTA auou
(2*6°22 2 @9g) TteUOT3dD 0 suanj-eu T0d anTea Juw 3dadoaaj3ul aAJdnd :vao aom
.
(2°6*22'2 @9s) TeUOT3dQ 0 suInj-su q9d aNTBA JUW 3AIND ?.:mw ,_”m.m i
o TeoTITdwe dpy Ja3aurexed aaano ?:ae mo m
.
00$ suIn3-suw od anTea Juwr 3daoJ93uUT SAIND :vmm o.m
000T suIny-su a4 SNTBA Juml 3AJIND ?Cmo p.m
(2°6*22*2 99g) teUOT3dQ 0 T8O 11 Tdws nN Ja3aureasd aAInd ?Saw a
(2°6 22 2 99339) Teuot13do 0 TeoTatdwa YaWv'1 Ja3aueaed oAand A...me Y
00§ suJInj-su ddod SNTBA Juw SAIND (4 vaw m.m
: sjuauuo) anTsp s31un ToquAs aureN ToquAg
| 31n8J3Q LIN LaN uot3enby
‘_ (panutjuo))
r €T-2 9198y




2.23 Combinance

The combinance is a two terminal Linvill element connected between a
carrier node and a circuit node. The carrier node may represent either
holes or electrons. The format is:

HCn (p) F J Value
where: HCn = combinance ID
p = optional parallel segment designation
F circuit node name
J = carrier node name
Value = combinance value

The combinance is represented schematically as shown in Fig. 2-15.

Figure 2-15. Schematic Representation of Combinance

It Py is the excess carrier density at carrier node J, the conventional
current flow I is given as

I =
HcpJ

The user may reference the combinance value and the combinance current by
using the symbolic names HCn and I(HCn), respectively.
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2.24 Storance

The storage is a two terminal Linvill element connected between a carrier
node and a circuit node. The carrier node may represent either holes or
electrons. The format is:

STn (p) F J Value

where: STn = storance ID

p = optional parallel segment designation
F = circuit node name
J = carrier node name

Value = storance value

The storance is represented schematically as shown in Fig. 2-16.

i \

Figure 2-16. Schematic Representation of Storance

If py is the excess carrier density at carrier node J, the conventional
current flow I is given as

dp
I=S5
i 4

dt

The user may reference the storance value and the storance current by using
the symbolic names STn and I(STn), respectively.

10k
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2.25 Diffusance

The diffusance is a two terminal Linvill element connected between two
carrier nodes. The carrier nodes may represent either holes or electrons,
and in general each node will represent a different excess carrier density
in the same type of material. The format is:

Hbn (p) J K Value

where: HDn = diffusance ID

p = optional parallel segment designation
J = carrier node name
K = carrier node name

Value = diffusance value

The diffusance is represented schematically as shown in Fig. 2-1T7.

|
Jo oK
!

Figure 2-17. Schematic Representation of Diffusance

If py and pg are the excess carrier densities at carrier nodes J and K,
respectively, the conventional current flow I is given as

The user may reference the diffusance value and the diffusance current
by using the symbolic names HDn and I(HDn), respectively.




L 2o Ul

2.26 Driftance

The driftance is a two terminal Linvill element connected between two
carrier nodes. The carrier nodes may represent either holes or electrons,
and in general each node will represent a different excess carrier density
in the same type of material. The format is

DFn (p) J K Value

where: DFn = driftance ID

p = optional parallel segment designation
J = carrier node name
K = carrier node name

Value = driftance value

The driftance is represented schematically as shown in Fig. 2-18.

D¢
JO——————ll[:)———————OK
P

Figure 2-18. Schematic Representation of Driftance

If py and py are the excess carrier densities at carrier nodes J and K
respectively, the conventional current flow I is given by

The user may reference the driftance value and the driftance current by
using the symbolic names DFn and I(DFn), respectively.




i? 2.27 Linvill pn Junction

i g The Linvill pn junction is a modeled device consisting of two circuit
nodes and two carrier nodes. A nonlinear depletion capacitance is

! connected across the circuit nodes, and a nonlinear expression relates
' carrier densities at the two carrier nodes to the voltage between the
circuit nodes.

The Linvill pn junction is a modeled device and requires device param-
Ei eters from che Device Parameter Library. The model number is 8.

The format for the pn junction is:
PNn (p) F G J K Type

where: PNn = pn junction ID

i p = optional parallel segment designation

1 I = circuit node in p material
r G = circuit node in n material
. . . .

J = carrier node in p material

K = carrier node in n material

Type = pn junction type name

The equivalent circuit for the Linvill pn junction is shown in Fig. 2-19.
|
'r : -
' f—v—
P P MATERIAL
' iy iG
—— -
Jo- —0G
ic
— | c
d-
"
IF iK
— ——
FO —OK

|
|

N MATERIAL

Figure 2-19. Schematic Representation of Linvill pn Junction
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Associated with carrier node J is an excess electron density nJ which is
given by

where v is the junction voltage.

Similarly, there is associated with carrier node K an excess hole density
Py which is given by

(eQV-

pK 3 pno 1)

The quantities nj and pg are represented in the calculation as the node
voltages at nodes J and K, respectively.

The depletion capacitance C is given by

where ic is the charging current for the depletion capacitance.

2.27.1 Linvill pn Junction References

The symbols used by NET-2 to represent the Linvill pn junction parameters

are given in Table 2-14. The user may control and reference any quantity

for which a NET symbol has been assigned. Only numerical constants may be
used for parameter values.

References to a device parameter within the LIBRARY Entry is accomplished
by simply using the symbolic parameter name. References in all other
entries are made using the symbolic name PNn.x where x is the parameter
name.
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2.28 Current Controlled Nodal Variable

NET-2 contains a special element which sets the nodal voltage at a specified
node r equal to the current flowing in a resistance inserted into the network.
The format is:

CCNVn (p) a b r R

where: CCNVn = element ID
p = optional parallel segment designation
a and b = node names for connecting resistance
r = node name for nodal variable

R = resistance value

The node voltage er at node r is given by

where € and eb are the node voltages at nodes a and b, respectively.

The resistance R must not assume a value of zero. The resistance is
completely specified by this element format and the user is not required
to include a separate resistor entry to describe the resistance.

The user may reference the resistance value and the nodal variable by
using the symbolic names CCNVn and N(r), respectively.
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3. SYSTEM ELEMENTS

This chapter describes the system elements available in NET-2. For each
system element information is included on the element description format,
the function performed by the element, and symbolic names for all para-
meters which may be associated with the element. The element parameters
may be designated by numerical constants or mathematical expressions.
Multiple values must always be separated by commas.

Unless otherwise noted, there are no computational delays associated with

the system elements when their parameter values are specified by numerical
constants.

3.1 SUM Element

The SUM element forms the algebraic sum of quantities appearing at the
input nodes. There may be as many input nodes as desired. Each input
node name may be prefixed with a minus sign to indicate that the negative
of the quantity at that node is to be used in the algebraic sum. The
format is:

SUMn @UT IN1 IN2 ..... oo

where: ©GSUMn = element ID
$UT = output node name
IN1, IN2, etc. = input node names (a minus sign may prefix the node
name to indicate subtraction).

An example of the use of this element is
SUM35 A 34 -G3 ST =2
In this example the sum appears at node A and is formed by adding the

guantities at nodes 34 and 57 and subtracting the quantities at nodes G3
and 2.
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3.2 GAIN Element

The GAIN element multiplies the quantity at the input node by a factor K
to form the output quantity. The format is:

GAINn IN @UT K

where: GAINn = element ID
IN = input node name
@$UT = output node name

K = gain value

The user may reference the value of K by using GAINn as the symbolic name.

3.3 MULT Element

The MULT element forms the product (including quotients) of quantities
appearing at the input nodes. There may be as many input nodes as
desired. The format is:

MULTn @UT IN1 IN2 .oceceee
where: MULTn = element ID

@UT = output node name

IN1, IN2, etc. = input node names
Any input node name may be prefixed with a minus sign to indicate that
division by the quantity appearing at that node is desired instead of
multiplication. Division by zero value is prohibited.
An example of the use of this element is

MULT4E J -5 98 25 =67

The output quantity which appears at node J is formed by the product of
the quantities at nodes 98 and 25 divided by the product of the quantities
at nodes 5 and 67.
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3.4 SQRT Element

The SQRT element delivers a quantity at the output node which is the
positive square root of the quantity at the input node. The format is:

SQRTn IN @UT
where: SQRTn = element ID
IN = input node name

@UT = output node name

Care must be taken to avoid a negative quantity at the input node.

3.5 ABS Element

The ABS element delivers a quantity at the output node which is the absolute
value of the quantity at the input node. The format is:

ABSn IN @UT
where: ABSn = element ID

IN = input node name
@UT = output node name

3.6 SIGN Element

The SIGN element delivers a quantity at the output node which is formed by
combining the magnitude of the quantity at the first input node with the
sign of the quantity at the second input node. The format is:

SIGNn IN1 IN2 @UT

where: SIGNn = element ID

IN1 = input node name for magnitude quantity
IN2 = input node name for sign quantity
@UT = output node name
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3.7 MAX Element

The MAX element delivers a quantity at the output node which is the alge-
braic maximum of the quantities which appear at the input nodes. There
may be as many input nodes as desired. The format is:

MAXn @UT IN1 IN2 IN3 ...ccce.
where: MAXn = element ID

@UT = output node name
IN1l, IN2, IN3, etc. = input node names

3.8 MIN Element

The MIN element delivers a quantity at the output node which is the algebraic
minimum of the quantities which appear at the input nodes. There may be as
many input nodes as desired. The format is:

MINn @UT IN1 IN2 IN3 ........
where: MINn = element ID

@PUT = output node name
IN1, IN2, IN3, etc. = input node names

3.9 TABF Element

The TABF element delivers a quantity at the output node which is an empirical
function of one or two input node quantities. The empirical functional
relationship is defined by a one- or two-dimensional table, using the input
node quantities as arguments for the tatbtle lookup. There are two formats,
depending upon whether a one- or two-dimensional table is involved:

TABFn TABLEm @UT 1IN
TABFn TABLEm @UT IN1 IN2

where: TABFn = element ID
TABLEm = table ID
PUT = output node name
IN = input node name for a one-dimensional table
IN1 and IN2 = input node names for the first and second arguments,
respectively, for a two-dimensional table
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3.10 INT Element

The INT element delivers a quantity at the output node which is the time
integral of the quantity at the input node. The format is:

INTn IN @UT K, Initial

where: INTn = element ID
IN = input node name
@UT = output node name
K = value of the integrator gain factor
Initial = initial value of the integrator output at zero time

The initial value specification is optional. If it is omitted a default
value of zero will obe used.

The function performed by this element can be expressed mathematically as

L 4

= y ]

eo(t) / K ei(t)dt + eO(O, ,
o

where e (t) is the output nodal quantity, e.(t) is the input nodal quantity,
t is the time variable, K is the integratorlgain factor, and e (0) is the
initial value of the integrator output at zero time. This funltion is
represented as K/s in the AC small signal calculation.

The user may reference the integrator gain factor K and the initial value
by using the symbolic names INTn and INTn.l, respectively.

3.11 DERIV Element

The DERIV element delivers a quantity at the output node which is the time
derivative of the quantity at the input node. The format is:

DERIVn IN @UT
where: DERIVn = element ID

IN = input node name
@UT = output node name

The DERIV element is represented by the transfer function s in the AC small
signal calculation.
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3.12 Transfer Functions in the s-plane

NET-2 has a group of system elements which accomplish the basic s-plane
transfer function operations. Each element has an input and output node
and one or more values to represent the gquantities in the transfer function.

In each of the elements the quantity at the output node is equal to the
appropriate transfer function operating on the input node quantity.

In the formats given below, IN is the input node name, @UT is the output
node name, and a, b, ¢, and d are values in the transfer function expression.

The transfer function 1/(s+a) is available through the format

XFPn IN @UT a

The transfer function (s+a)/(s+b) is available through the format

XFZPn IN @UT a, b

The transfer function s/(s+a) is available through the format

XFSPn IN @UT a

The transfer function 1/(s2+as+b) is available through the format

XFCPn IN @UT a, b

The transfer function (s+a)/(s2+bs+c) is available through the format

XFZCPn IN QUT a, b, c

The transfer function (s2+as+b)/((s+c)(s+d)) is available through the format
XFCZDPn IN @QUT a, b, c, d

The transfer function (s2+as+b)/(s2+cs+d) is available through the format
XPCZCPn IN QUT a, b, c, d

The user may reference the values of a, b, ¢, and d where they are applicable
by symbolic names of the form XXXn, XXXn.l, XXXn.2, and XXXn.3, respectively,

where XXX is the appropriate transfer function element prefix. For example,
the value of ¢ in element XFCZDP35 is referenced by XFCZDP35.2.
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3.13 L@G Element

The LPG element delivers a quantity at the output node which is the natural
logarithm of the quantity at the input node. The format is:

L#Gn IN @UT
where: L@Gn = element ID
IN = input node name

@UT = output node name

Care must be taken to avoid a negative or zero quantity at the input node.

3.14 EXP Element

The EXP element delivers a quantity at the output node which is the exponential
function of the quantity at the input node. The format is:

EXPn IN @UT .
where: EXPn = element ID

IN = input node name
PUT = output node name

3.15 EXPN Element

The EXPN element delivers a quantity at the output node which is the quantity
at the first input node raised to a power given by the quantity at the s<cond
input node. The format is:

EXPNn IN1 1IN2 @UT

where: EXPNn = element ID

= node name for first input node

IN2 = node name for second input node (the exponent node)

output node name

The function performed by this element can be expressed mathematically as

where eo is the output nodal quantity, e, is the nodal quantity at the first
input node, and e, is the nodal quantity at the second input node.

This element is restricted to non-negative values of e.,, even though the
exponentiation process is defined for negative e, when' e, assumes integer
values.

i &
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3.16 SINC@S Element

The SINC@S element generates the sine and cosine functions of an input
quantity. The format is:

SINC@Sn IN SIN C@s

where: SINC@Sn = element ID

IN = input node name
SIN = output node name for sine function
C@S = output node name for cosine function

The input quantity is expressed in radians. Either or both output nodes

may be used for connection to other parts of the network. Node names
must be assigned to both output nodes even though only one is used.

3.17 ASIN Element

The ASIN element delivers a quantity at the output node which is the
inverse sine function of the quantity at the input node. The format is:

ASINn IN @UT
where: ASINn = element ID
IN = input node name
@UT = output node name
The output quantity is expressed in radians. The input quantity e, must

be in the range -1 < e, < +1, and the output quantity e 1is constrained
s e o
to the range -m/2 < e, < n/2.

3.18 AC@S Element

The AC@S element delivers a quantity at the output node which is the inverse
cosine function of the quantity at the input node. The format is:

AC@#Sn IN @UT
where: AC@PSn = element ID
IN = input node name
@UT = output node name
The output quantity is expressed in radians. The input quantity e, must be

in the range -1 < e < +1, and the output quantity .. is constrainéd to the
range 0 < LA < m.
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3.19 ATAN Element

The ATAN element delivers a quantity at the output node which is the inverse
tangent function of the quantity at the input node. The format is:

ATANn IN @UT

where: ATANn = element ID
IN = input node name
@UT = output node name

The output gquantity e, is expressed in radians and is constrained to the
range -n/2 < /2.

3.20 TANH Element ]

9 The TANH element delivers a quantity at the output node which is the
f hyperbolic tangent of the quantity at the input node. The format is:

TANHn IN @UT
where: TANHn = element ID

IN = input node name 1
@UT = output node name

The input quantity is expressed in radians.

% 3.21 LIM Element

The LIM element performs symmetric limiting on the input node quantity and
delivers the result to the output node. The format is:

LIMn IN @QUT Limit

where: LIMn = element ID
IN = input node name
@UT = output node name
v Limit = value of the upper (positive) limit

: The LIM element clips the input quantity at the positive and negative
] limits. If the input quantity is between the limits, the output quantity
is equal to the input quantity.

The user may reference the 1limit value by using LIMn as the symbolic name.
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3.22 L.L%!NT Elecment

The LIMINT element performs the function of limit integration of the quantity
at the input node and delivers the result to the output node. The LIMINT
output quantity is the time integral of the input quantity provided that the
magnitude of the output quantity does not exceed a specified limit value. If
the limit value is reached and integration of the input quantity is such as
to try to increase the output quantity magnitude, the output quantity is

held at the appropriate 1limit value. However, if the output is at a limit
value and the input is such as to try to decrease the magnitude of the out-
put, the output will immediately decrease in magnitude and normal integration
will resume. The format is:

LIMINTn IN @UT K, Limit, Initial

where: LIMINTn = element ID
IN = input node name
@UT = cutput node name
K = value of integrator gain factor
Limit = value of the upper (positive) limit
Initial = initial value of the integrator output at zero time

The initial value specification is optional. If it is omitted a default
value of zero will be used.

The function performed by this element in the absence of limiting can be
expressed mathematically as

eo(t) =/ K ei(t)dt + eO(O)

where e (t) is the output nodal quantity, e,(t) is the input nodal quantity,
t is thé time variable, K is the integratorlgain factor, and e (0) is the
initial value of the integrator output at zero time. This fun@tion is
represented as K/s in the AC small signal calculation.

The user may reference the integrator gain factor K, the limit value,

and the initial value by using the symbolic names LIMINTn, LIMINTn.l, and
LIMINTn.2, respectively.
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3.23 RNGEN Element

The RNGEN element generates random values at its output node. It does
not have an input node. The format is:

RNGENn @UT Type

where: RNGENn = element ID
@UT = output node name
Type = integer value specifying random number distribution type

If Type = 0 the random numbers are uniformly distributed between O and 1.
If Type = 1 the random numbers are distributed according to a Gaussian or
normal distribution, with a mean value of 0 and a standard deviation of 1.

A new random number is generated for each unique solution point, i.e., for
every steady state solution point and for every time step during the
transient solution.

The user may reference the value of Type by using RNGENn as a symbolic

name.

3.24h NPRM Element

The N@RM element calculates the square root of the sum of the squares of
the quantities at the input nodes and delivers the result to the output
node. There may be as many input nodes as desired. The format is:

NJRMn @UT IN1 IN2 ........
where: N@RMn = element ID
@UT = output node name

IN1, IN2, etc. = input node names

The function performed by this element may be expressed mathematically as

where L is the output nodal quentity and e, is the ith input nodal
quantity.

L2l
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3.25 M@D Element

The M@D element performs a modulo reduction on the input nodal quantity
and delivers the result to the output node. The format is:

M@Dn IN @UT Modulus

where: M@Dn = element ID
IN = input node name
PUT = output node name

Modulus = value of the modulus

The input value and the modulus may have any real value. The output value
is given by

e, =8y - [ei/m]m

where eo is the output value, e. is the input value, m is the modulus, and
[ei/m] Is the greatest signed integer whose value is not greater than ei/m.

The user may reference the value of the modulus by using M@Dn as the
symbolic name.

3.26  QUANT Element

The QUANT element performs quantization of the input nodal quantity and
delivers the result to the output node. The format is:

QUANTn IN @UT a, b

where: QUANTn = element ID
IN = input node name
@UT = output node name
a = value of quantization step width
b value of quantization step height

The mathematical function performed by this element may be expressed as
X [ei/a]b

where e, is output value, e, is the input value, and [ei/a] is the greatest
signed Integer whose value 1s not greater than ei/a.

The user may reference the values of a and b by using the symbolic names
QUANTn and QUANTn.l, respectively.

diets B s
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4 3.27 DELAY Element

The DELAY element introduces a time delay between the input node and the
output node. The format is:

DELAYn IN @UT m T

where: DELAYn = element ID
IN = input node name
@UT = output node name
m = internal buffer size (must be an integer numerical constant)
T = value of time delay

» The DELAY element stores successive values of the input nodal quantity and

delivers them to the output node after a delay time T has elapsed. The
element contains an internal buffer for purposes of storing the delayed
information. The internal buffer size m specifies the maximum number of
time points which may be stored in the element at any one time. Increasing
the buffer size requires additional computer core storage space but does
not appreciably alter the computation time.

The user may reference the delay time T using DELAYn as the symbolic name.

3.28 SAMPL Element

The SAMPL element accomplishes the function of sample and hold. It has
two input nodes and one output node. The format is:

SAMPLn IN1 IN2 @UT

where: SAMPLn = element ID

IN1 = node name for input node
IN2 = node name for control node
PUT = output node name

The output of the SAMPL element is identical to the input whenever the
quantity at the control node is greater than zero. If the control node
quantity is zero or negative, the output node retains the last value at
the input node before the control node became zero or negative. If the
control node value is zero or negative during the DC steady state calcu-
lation, the output node value is zero.
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3.29 HYST Element

The HYST element is used to represent hysteresis effects. It consists
of an input and output node and three parameters which define the shape
of the major hysteresis loop. The format is:

HYSTn IN QUT K, a, b

where: HYSTn = element ID
IN = input node name
@UT = output node name
K = value of slope of side of the hysteresis loop
a = value of the positive intercept on the abscissa
b = value of the positive intercept on the ordinate

The relation between the input and output nodal quantities are illustrated
in Fig. 3-1 where the abscissa represents the input and the ordinate
represents the output. The hysteresis loop is symmetric sbout the origin.
Minor cycles may be traversed within the loop as shown by the dashed lines
in the figure. The magnitude of the output is limited by the value of b.

The user may reference the values of K, a, and b by using the symbolic names
HYSTn, HYSTn.l, and HYSTn.2, respectively.

SLOPE=K

Figure 3-1. Hysteresis Element .
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3.30 AND Element

The AND element accomplishes the Boolean function of logical AND. It
has one output and as many inputs as desired. The format is:

ANDn @QUT IN1 N2 ........

. where: ANDn = element 1D
e @UT = output node name
‘ IN1, IN2, etc. = input node names

A maximum of 60 input nodes can be accommodated. Any of the node names
(including the output node name) may be prefixed with a minus sign to indicate
that the definition of the Boolean values of O and 1 are to be interchanged at i
that node. This permits logical complements to be represented at the input |
nodes without the need for a separate NOT function, and permits the output to |
be logically inverted if desired. An example is

AND6T -QUT 56 -6T

which implements the following truth table

? f
: 56 67 @UT 1
ey 1
G tin 1
L 0
- o 1

Under normal conditions (i.e., no minus sign prefixes on the nodes) a zero
or negative value at an input node represents a logical 0, and a value
greater than zero at an input node represents a logical 1; a logical O at
the output node is represented by a value of 0, and a logical 1 at the
output node is represented by a value of 1.

o
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3.31 @R Element
The @R element accomplishes the Boolean function of logical OR. It has
one output and as many inputs as desired. The format is:
ORn - guR  ENE EN2 il
where: @Rn = element ID
@UT = output node name
IN1l, IN2, etc. = input node names
A maximum of 60 input nodes can be accommodated. Any of the node names
(including the output node name) may be prefixed with a minus sign to indicate
that the definition of the Boolean values of O and 1 are to be interchanged at
that node. This permits logical complements to be represznted at the input
nodes without the need for a separate NOT function, and permits the output to
be logically inverted if desired. An example is
1 $R6T -@UT 56 67
&
E* which implements the following truth table

56 67 @gur

0 0 0

0 L al

1 0 0

1 1 0

Under normal conditions (i.e., no minus sign prefixes on the nodes) a zero

3 or negative value at an input node represents a logical O, and a value
greater than zero at an input node represents a logical 1; a logical O at
the output node is represented by a value of 0O, and a logical 1 at the
output node is represented by a value of 1.
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3.32 E@R Element

The E@R element accomplishes the Boolean function of Exclusive OR. It has
one output and as many inputs as desired. The format is:

EQRn  QUE  TIN1" TH2. o wes. ‘

where: E@Rn = element ID
@UT = output node name
IN1, IN2, etc. = input node names

A maximum of 60 input nodes can be accommodated. Any of the node names
(including the output node name) may be prefixed with a minus sign to indicate
that the definition of the Boolean values of O and 1 are to be interchanged at
that node. This permits logical complements to be represented at the input
nodes without the need for a separate NOT function, and permits output to be
logically inverted if desired. An example is

EFR67 -@UT S6 -6T

which represents the following truth table

56.. O6F . QUT
0 0 0
0 1 1
1 0 i
1 il 0

Under normal conditions (i.e., no minus sign prefixes on the nodes) a zero
or negative value at an input node represents a logical 0, and a value
greater than zero at an input node represents a logical 1; a logical O

at the output node is represented by a value of 0, and a logical 1 at

the output node is represented by a value of 1.
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3.33 RSTFF Element

The RSTFF element is a logical model of an RST flipflop. The format is:

RSTFFn R S T RESET SET State

where: RSTFFn = element ID
R = reset input node name
S set input node name
T = trigger input node name
RESET = reset output node name
SET = set output node name
State = initial value of flipflop state

ol

If the value of State is zero or negative, the flipflop is initially in
the reset state; if the State value is greater than zero, the flipflop is
initially in the set state. The State value is optional. If it is not
specified a default value of O will be assigned.

When the flipflop is in the reset state, the RESET output will have a
value of 1 and the SET output will have a value of 0; when the flipflop
is in the set state the RESET output will have a value of O and the SET
output will have a value of 1.

Values which appear on the R and S inputs are interpreted as follows:
if the value is zerc or negative, the input value is interpreted as a
logical 0; if the value is greater than zero, the input value is inter-
preted as a logical 1.

If a logical 1 is applied to the R input, the flipflop will assume the
reset state, provided that the S input has a logical 0. Similarly, if

a logical 1 is applied to the S input, the flipflop will assume the set
state, provided that the R input has a logical 0. If neither the R or S
input has a logical 1 and the trigger input is quiescent, the flipflop
will maintain its previous state. If a logical 1 is applied to both the

R and S inputs, both the RESET and SET outputs will have a value of 1. If
both the R and S inputs simultaneously return to a logical 0 value, the
flipflop will assume the reset state.
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If either the R or S inputs have a logical 1 value, the trigger input will
have no effect. In the absence of a logical 1 on the set and reset inputs
the trigger input will have the following characteristics: If the trigger
input value becomes greater than 0.5 the flipflop will reverse its state.
The trigger input will have no further effect on the flipflop until the
trigger value has decreased to a value of 0.1 or lower, then later becomes
greater than 0.5 again, at which time the flipflop will again reverse its
state. Thus, the trigger input can be viewed as having a trigger threshold
value of 0.5 and a reset value of 0.1, with a requirement that the trigger
must be reset before it can be used for triggering purposes again.

If the flipflop state in the DC steady state calculation is inconsistent
with the user specified State value, a diagnostic message is provided.
The user specified value of State will be ignored in such circumstances.

The user may reference the State value by using RSTFFn as the symbolic
name.

A
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3.34 @UTFL Element

The @UTFL element provides the user with a means of writing any NET-2
quantity capable of being referenced onto an external file. This
element has no nodes. The format is:

durREn PBile, Sl S2 .(.i.icss .

where: @UTFLn = element ID
File = FORTRAN logical unit number for the external file as a
numerical integer
81, S2, etc. = symbolic NET-2 names of quantities whose
values are to be written on the external file.

The values of the denoted quantities are written onto the external file
along with the value of TIME during the time domain response calculation
at every time step. The AC small signal variables at a single frequency
may also be included at each time step.

The external file may be read during a subsequent NET-2 run by the INPFL
element.

The FORTRAN logical unit number must be chosen so as not to conflict with
logical unit numbers utilized for other purposes during the NET-2 run.
Logical unit numbers and their assigned function in NET-2 are given in
Appendix A. Any logical unit number in Appendix A which is not required
by the NET-2 run may be used for the @UTFL element.

An example of the use of the @UTFL element is

@UTFL65 10, R32 GAMD@T X39 I(L27) N(45) L29.1

The @PUTFL entry must not contain any mathematical expressions.
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3.35 INPFL Element

The INPFL element provides the user with a means of reading information
from an external file for the purpose of driving a NET-2 calculation. The
quantities which are stored on the external file appear as nodal guantities
in the network. The format is:

INFFEn PFiley INI ITN2 IN3 .o.aic-.-

where: INPFLn = element ID
File = FORTRAN logical unit number for the external file as
a numerical integer
IN1, IN2, IN3, etc. = input node names

The external file must have been written in a format which is compatible
with that produced by the @GUTFL element. The number of input nodes must
agree with the number of quantities specified in the @UTFL element descrip-
tion which generated the external file. There is a one-to-one correspondence
between the symbolic names in the @UTFL element which generated the external
file and the node names in the associated INPFL element.

As the time domain response is calculated, values of the gquantities from
the external file will appear in time sequence at the designated nodes.
Synchronization of the time variable between the network calculation and
the external file is automatically handled. The user need not be concerned
with details of time step size. Linear interpolation between values on the
external file is used when necessary.

If the external file information is exhausted before termination of the
transient calculation, the last set of values in the external file will
be utilized until transient termination occurs. If multiple transient
solutions are specified, the external file will automatically repeat its
" set of values for each transient solution.

The FORTRAN logical unit number must be chosen so as not to conflict with
logical unit numbers utilized for other purposes during the NET-2 run.
Logical unit numbers and their assigned function in NET-2 are given in
Appendix A. Any logical unit number in Appendix A which is not required
by the NET-2 run may be used for the INPFL element.

An example of the use of the INPFL element which is compatible with the
example for the @UTFL element is

INPFL4S 11, ASD GU5 76 1 3L4F 5
We see that R32 will appear at node ASD, GAMD@T will appear at node GUL5,

X39 will appear at node 76, 1(L27) will appear at node 1, N(L5) will
appear at node 34F, and L29.1 will appear at node 5.
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3.36 SNCLK Element

The SNCLK element is a synchronous clock capable of multiphase operation.
The element has only an output node. The format is:

SNCLKn @UT T, N

where: OSNCLKn = element ID

@UT = output node name

T = value of major time period
N = number of phases

The specification of N is optional. If N is omitted a default value of
2 will be used. The value of N must be a positive integer not less than 2.

During the DC steady state calculation the output value will be N. At
the start of the transient solution, the output value will be reset to 1,
and will count through the integers up through N, with each successive
value appearing for a time interval T/N. At every integral multiple of T
the output value restarts at 1 and the counting sequence is repeated.

The user may reference the value of T and N by using SNCLKn and SNCLKn.l
as symbolic names, respectively.

NET-2 chooses its time steps so that they are always coincident with the
initiation of successive phases of the clock output.

3.37 DDACC Element

The DDACC element is a digital element which performs the function of an
accumulator in a digital differential analyzer. It has two input nodes

and three output nodes. It may be used in both synchronous and asynchronous
logic applications. The format is:

DDACCn CLK DZ Z CRY RDY Modulus, At, Decode, Encode, Zo

where: DDACCn = element ID
CLK = input node name for the clock input
DZ = input node name for the increment quantity Az
Z = output node name for the modulo sum z
CRY = output node name for the carry c
RDY = output node name for the ready signal
Modulus = value of the accumulator modulus
At = element time delay value
Decode = Value of signal required to activate clock input
Encode = Value of ready output when element is in ready state
Zo = initial value of modulo sum z at time zero
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The Decode, Encode, and Zo specifications are optional. 1f they are omitted
NET-2 will use default values of 1, 1, and 0, respectively.

The DDACC element produces a modulo sum z and a carry c at time t provided
it has been clocked and was in the ready state at time t - At. At time

t - At the applied increment was Az. The operation can be expressed
mathematically as

z(t) + me(t) = z(t-At) + Az(t-At)
where m is the modulus of the accumulator.

The accumulator has a clock input and a decode value assigned to that input.
A transition on the clock input to the decode value from any other value -
constitutes a clock pulse. If a clock pulse occurs when the ready output

is in the ready state, the element i1s clocked. The element is also clocked
if the clock input already is at the decode value and the ready output makes
a transition from the not ready state to the ready state.

When the element is in the ready state, the ready outprt will be se¢t to the A
encode value. The element is always in the ready condition during the DC
steady state calculation. When input clocking occurs, the ready output goes
to a zero value, indicating a not ready state, and the quantity Az at the DZ
input node is captured by the element. After a time delay At has elapsed, the
ready output again assumes the encode value to indicate that the element is
ready, and the outputs for the modulo sum z and the carry c appear with

their new values reflecting the modulo addition process. These outputs are
maintained until a new sum and carry are generated by a subsequent clocking
and time delay for the element.

NET-2 chooses its time steps so that they are always coincident with the
appearance of the ready condition. This permits the element to be used in
asynchronous logic applications.

The user may reference the values of the modulus m, the time delay At, the
decode value, the encode value, and the initial value Zo by using the symbolic
names DDACCn, DDACCn.l, DDACCn.2, DDACCn.3 and DDACCn.L, respectively.
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3.38 RMS Element

The RMS element calculates the root mean square value of a time series
of values of a quantity appearing at the input node. The format is:

RMSn IN @UT Fo, To

where: RMSn = element 1D
IN = input node name
PUT = output node name
Fo = estimated initial RMS value
To = time interval associated with Fo

The quantities Fo and To are optional. If they are no® specified a value
of zero will be used.

The quantity e (t) at the output node is the root mean square value and is
calculated as

7

2 2
e {t) at+ F T
0 (o] (0]

o

1
D)

eo(t) = € T
o)

where ei(t) is the quantity appearing at the input node. The RMS value
at early times may be influenced appreciably by the estimated value F .
The estimated value and its associated time interval T are included fo
assist the user in converging to the long term RMS valge over a short
time interval for periodic or quasi-constant input values. The trape-
zoidal rule is used for the time integration process.

The user may reference the quantities Fo and To by using the symbolic
names RMSn and RMSn.l, respectively.
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4. DEFINED SUBNETWORKS

This chapter and Chapter 5 present some conveniences available to the
user in describing certain network configurations to NET-2. The casual
user of NET-2 may wish to omit these chapters. However, the serious user
will wish to take advantage of the flexibility conteined in the following
pages. The price of this flexibility is a complication in the language.

In developing the material on the following pages, we shall refer to the
main network description. By this we mean the network description which
is described starting at indentation level 0. The subnetworks which will
be defined may become part of the main network or part of some other sub-
network which is also defined.

The naming of nodes and network parameters in defined subnetworks can
become quite involved. However, there is a general rule which should
be kept in mind: When defining any subnetwork, remember that the sub-
network and any subnetworks nested within it must form a completely
specified system and include all necessary definitions of quantities
with the exception of tables and functions. All names are written as
though the subnetwork were actually the main network.

4.1 DEFINE Entry

The DEFINE Entry is used to define a subnetwork in terms of other network
elements known to NET-2. The first line of the entry appears at indenta-
tion level O and specifies the word DEFINE, the prefix used to designate
the subnetwork, and dummy node names which represent terminal nodes in the
subnetwork. The prefix may contain only alphabetic characters. Only pre-
fixes which do not already have meaning to NET-2 may be used (see Appendix
B for a list of names and prefixes which already have specified meaning to
NET-2). Subsequent lines are indented and describe the subnetwork. Sub-
network element descriptions are listed on indentation level 1 according
to standard NET-2 formats.
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An example of a DEFINE Entry is:

DEFINE TR IN @UT V2 O
Rl IN 1 10 :
@y N L 25 ;
B2 (20 ¥z 3 150
™. 0 1 @UT 2N6hUS =~ . _-

In this example a network element with prefix TR is defined. Network
element TR has four dummy terminal nodes: IN, @$UT, V2, and O. These
node names are chosen from the names used in the subnetwork definition
in the DEFINE Entry, and the names are treated as distinct from the
nodes in the main network to which the subnetwork is connected. Thus,
the same names may be used for nodes and network element ID's in both
the main network and the defined subnetwork without confusion. Note
that all nodes which connect to the main network (including ground)
must be included as terminal nodes. System element inputs and outputs
are automatically referred to node O in the main network.

This defined subnetwork may now be used freely as part of the main
network or as part of another defined subnetwork. An example of main
network use is:

TR IN L 7 O
RS (3} 3 16 8 5

Note that a numerical suffix is appended to the subnetwork prefix, so

that now the subnetwork ID has “he appearance of an ordinary network
element ID. The connection points are listed in the same order as in the
corresponding DEFINE Entry, except that now the node names of the network
of which the subnetwork is a part are used. These node names may be the
same as or different from the dummy terminal node names in the DEFINE Entry.

Note that the parallel segment designation may be used in both the network
element usage in the DEFINE Entry and the defined subnetwork usage.

When a subnetwork is included as part of a larger network or subnetwork,
that included subnetwork is said to be nested inside the larger network.
Subnetworks may be nested up to a maximum level of sixteen. An example
of nesting to a level of four occurs when A, B, C, and D are subnetworks,
and the main network contains A (level 1), A contains B (level 2), B
contains C (level 3), and C contains D (level k).

Subnetwork definitions may not be cyclic, as, for example, when A contains
B and B contains A.
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Figure k-1 shows the nesting concept in pictorial form. In this illustration,
we see subnetworks TQ, SB, HB, and PY have been defined. Their interconnec-
tions can be represented by the following excerpt from a complete network
description:

QL 1 3

Y3 3 5 %5 6

HBS 2 9

SB3E 99

5E§iNE p s
5B 1L 2 T

DERENES BY 128 8 il
HBS 2 3

DEFINE HB 1 2
DEFINE SB 1 2 3
HBG6 6 3

DR R )

The dots indicate additional network description which is irrelevant for
purposes of this illustration. From this illustration, it is easy to
see the nesting concept. We can also see that a defined subnetwork may
be used anywhere, but when used it automatically carries all other sub-
networks nested inside of it along with it.

We can always refer to a subnetwork nested inside a given subnetwork (or
the main network) by composing a compound name constructed of the names
of the subnetworks in the order of nesting, starting at the given sub-
network level and proceeding to the desired subnetwork nested inside.
For example, the name TQl.SB2 is a main network reference which refers
to subnetwork S5B2 which is contained within subnetwork TQl. The name
TQl.SB2 automatically includes subnetwork TQl.SB2.HB6 since it is nested
inside of TQl.SB2.

4.2 Referencing Nodes In The Nest

In a given subnetwork definition, it is always possible to refer to nodes
which belong to that subnetwork (including the dummy terminal nodes using
their dummy names) or to any node in a subnetwork nested inside the sub-
network being defined. All other nodes are inaccessible for reference
purposes.

Such a reference is made for purposes of writing a mathematical expression
or for interconnecting network elements.
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Figure 4-1. Nested Subnetworks
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The node name of interest is constructed by starting at the defined
subnetwork level and building up a compound name which traces the nesting
process. For example, suppo'e we are defining subnetwork SB and we wish
to connect a resistor R23 between node 6 of SB and node 4 of HB6 which

is nested within SB (see Fig. 4-1). Then the DEFINE Entry for SB would
include the following items:

DEFINE SB 1 2 3
EB6 6 3
R23 6 HB6.4 39

Since the main network can be thought of as the outermost network in the
nest, it is seen that in the main network description we can refer to any
node. For example, if we wished to insert the same resistor R23 between
the indicated nodes, as seen from the main network, we would be forced to
use two different resistors since in Fig. 4-1 the network element SB is
used twice in the main network. Calling these two resistors R23 and R123,

we would then have this equivalent designation in the main network descrip-

tion:

R23 TQLl.SB2.6 TQl.SB2.HB6.4 39
R123 SB3.6 SB3.HB6.4 39

In other words, the actual name used to designate the node depends upon
where in the network description the reference to that node is being made.

One always has more than one node name available for a subnetwork terminal
node when that node is referenced from outside of the subnetwork itself.
The user must always refer to the outermost form of the name under such
conditions, i.e., he must never use the dummy terminal node name for the
subnetwork unless there is no other alternative (there is always an alter-
native except when the dummy terminal node name referenced is on the same
nest level as that from which the reference is being made).

An example ucing Fig. 4-1 illustrates this point. Let us assume that we
wish to define a resistor R5 in subnetwork TQ. This resistor will be
connected between node 1 of TQ and node 6 of SB2. We see that we have a
choice of node names available for connecting R5, i.e., node names 1 and
SB2.2 for one node, and node names SB2.6 and SB2.HB6.1 for the other node.
We must always use the node name which is nearest to the referencing nest
level. Thus, the legal node names for RS are 1 and SB2.6 and the use of
either of the other two node names is not permissible.

Note that nodes inside of modeled devices can be referred to. For example,

if we wish internal node 4 of transistor T4 which is included in the sub-
network TQl.SB2.HB6, we write TQl.SB2.HB6.TL.4. In other words, modeled
devices are treated like subnetworks for reference purposes.
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L.3 Referencing Network Parameters

In a given subnetwork definition, it is always possible to refer to network
parameters which have been introduced or defined in that subnetwork or any
subnetwork nested inside the subnetwork being defined. All other network
parameters are inaccessible for reference purposes. Such a reference is
always made for purposes of writing & mathematical expression.

Since the main network can be thought of as the outermost network in
the nest, it is seen that in the main network description we can reference
any network parameter.

The technique of specifying the correct name for the reference is identical
to that used for specifying node names in nested n=tworks. The name is
constructed by starting at the defined subnetwork level and building up

a compound name which traces the nesting process. This compound name is
terminated with the actual name of the quantity of interest.

Let us again use Fig. L-1 as an illustration. We will introduce a time
varying resistor R6 in the subnetwork definition for SB. In so doing, we
must be sure that all quantities used in the mathematical expression for
R6 are defined either in SB or in a subnetwork nested inside SB (with

the exception of function and table references which are defined as

part of the main network description; see L.4). We may now refer to

this particular R6 either in the definition of SB or in any subnetwork
(including the mai» network) which contains SB. However, we cannot refer
to it in the HB definition since HB is nested inside of SB. Thus, in the
main network, we refer to TQl.SB2.R6 or to SB3.R6, while in the definition
of TQ we refer to SB2.R6.

1
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4.4 Function and Table Definitions and References

There are special rules which apply to function and table references
which may appear in mathematical expressions in a subnetwork definition.
The definition of the function or table must be given as a part of the
main network description.

An example is:

DEFINE ILCA A B C
el ACT e
g2 A B €
R3 1 C TABLE9(TIME)

TABLEQ

G o,

1 3

5 10
DEFINE ILC A B C

Li A 1 E9(E2)

C2 B C TABLET(TIME)
P21 1.68

F9(A) = EXP(A) + 10
oAl 1 5 7
ICA2 1 3

ILC1 4 6 3
TABLET

3 2

> S |

T 0

Note that the definitions for TABLET and F9 are given as part of
the main network description.

Note that there is no modification of the names of functions or tables,
such as occurred for nodes and network parameters. However, the arguments
may have modified names since they may involve nodes and network parameters.

1k

et e S BN Bl G B

Q



5. STORED MODELS

The language and rules for defining and using stored models are similar
to those for defined subnetworks. Therefore, it is imperative that the
details in Chapter 4 be well in hand. Since a knowledge of Chapter L is
assumed, it will be sufficient only to refer to the principles detailed
there in the present discussion.

The models are stored in a library on a permanent storage medium. The
capacity of the library is 500 stored models.

5.1 Definition of Models

A stored model may be defined and permanently entered as part of a NET-2
computer run. The model may then be retriesed at any later time by
‘ merely referring to it. ©Since the model may be used in any context, it
is importani that its definition be completely self-contained.

L ¥

A stored model is defined by a M@DEL Entry. The first line of the entry
appears at indentation level O and specifies the word M@DEL, the model
prefix, and the dummy terminal node nam~s. The prefix may contain only
alphabetic characters and is limited to maximum of T characters. Sub-
sequent lines contain the complete network description, written in exactly
the same manner as described in other chapters, only beginning at indenta-
tion level 1 instead of indentation level 0. Thus, all indentation levels
are increased by one over a normal network description. The DEFINE Entry
may be used at will as part of the stored model description, and reference
may be made to any other stored model in the library.
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An example of a stored model is:

MDEL TR J K L ¢UT O
ECBL J 5 O
Lep2 s 3 0
& 3 1 50
R 3 1 10
R2 K 1 100
TL 0 1 2 2N639
RY 2.5 22

™6l 2 O @UT O
FO(A) = A**2*EXP(-ABS(A/50))+35
DEFINE LCB 1 3 O
LCAL. 3 2D
ICA2 2 3 O
DEFINE LCA A C O
Cl B 0O TABLE3(SQRT(TIME))
g2 ¢ 0 5.67

TABLE3
g 20
S e
10 353
15 36

Ll A B F9(LCB1.LCA2.C1)
I2 B ¢ b5.8

In this example note that TGl is specified but not defined. Since the pre-
fix TG has not been defined, NET-2 assumes it is another stored model in
the model library. If TG cannot be located in the model library, NET-2
will indicate an error to the user.

If, in the example, the main netvork description also included a defini-
tion of a subcircuit LCA or LCB, no harm would be done. The names uvsed

inside the model definition are completely private and will not conflict
with any definitions introduced outside of the model definition.

On the other hand, the user has complete freedom to refer to the model
from the main network. The model is completely equivalent to a defined
subnetwork for this purpose, and can be included as part of the main
network or as part of a defined subnetwork nested in the main network or
another defined subnetwork. The normal rules for nesting apply and any
node or network parameter may be referred to using the normal nesting
rules. Thus, if the main network contained network element TR35, then
the main network could refer to a specific node or network parameter in
the model, e.g., TR35.T1.BN or TR35.LCB2.LCAl1.C1l.

If the library already contains a model with the same name as that speci-
fied in the M@DEL Entry, a warning message will be printed and the original
library model will be printed for reference. The new model will then be
stored into the library and used.
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5.1.1 Restrictions on Function Definitions

The mathematical expression which is used in the definition of a function
in a M@DEL Entry must not depend in any way upon particular nodes, re-
sponse variables, or network parameters, i.e., the mathematical expression
must not be written explicitly in terms of any of these quantities. This
does not restrict the generality of function definitions in any way since
these forbidden quantities may be inserted through the dummy arguments.

Thus, the quantities which may explicitly appear in the mathematical
expression for a function definition within a M@DEL Entry are numerical
constants, table references, global variables, dummy arguments, and
other function references.

These restrictions apply only to function definitions within a M@DEL Entry.

145




5.2 Using Stored Models

A model being stored or already stored in the library is available for use
in a network description as though it were a defined subnetwork. All of
the rules regarding defined subnetwork usage apply in this case.

For example, to use model TR in a network involves assigning a numerical
suffix to produce a legitimate network element ID and connecting the
terminal nodes to the desired nodes in the network:

TR3S (2) 66 76 78 9 0
Note that the parallel segment designation can be used if desired.
If the prefix chosen for a defined subnetwork appearing in the network

description is identical with the prefix of a stored model in the library,
the defined subnetwork will be used.




6. STATE SOLUTION

There are three types of calculations available in NET--2: State solutions,
Monte Carlo solutions, and Optimization solutions. This chapter describes
the State solution.

The State solution consists of one or more network response calculations
corresponding to a prescribed set of numerical values of network parameters.
The nominal network parameter values are used in the calculation except
where specifically superseded in a given State solution.

The STATE Entry is used to convey information to the program for State
solutions. Within the STATE Entry, there are several types of information 1
statements possible.

Only quantities which have been defined as numerical constants may be
changed in the State solution. Thus, it is not possible to alter the
forms of tables, functions, or mathematical expressions. However, this
restriction does not limit the scope of the State solution in any way.
Sufficient flexibility is available in the NET-2 language to permit any
situation to be handled.

6.1 STATE Entry

Each State solution is specified by a STATE Entry which consists of two or
more lines. The STATE Entry must include an output specification. The
first line of any STATE Entry begins at indentation level 0 and has the
format:

STATEn

This line is followed by one or more lines at indentation level 1 which
specify output, changes in value of numerical constants, and other infor-
mation as discussed below.

In referring to various network quantities in a STATE Entry, the same
names are used as would be used when referring to these quantities in

the main network description.

6.1.1 Network Parameter Value Changes

Network parameter values may be changed by either holding them at a new
constant value throughout the State solution or varying them over a
specified range in discrete steps during the solution.

17
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6.1.1.1 Constant Values

Each network parameter to be changed to a different constant value is
specified by listing its ID and the new value. The new value may be
either an actual value or a relative value (suffixed by an asterisk).
In the case of relative values, the actual value is the product of the
nominal value and the relative value. Examples are:

STATE3
R12 350
c23 .85%
D2.TH 1.89
GT6.FY7.T35.BN .55%
FREQ 367

6.1.1.2 Varying Values

There are two kinds of varying values available. One of them is called
the swept variable. Only one quantity may serve as a swept variable.

The other type is the parametric variable. There may be as many para-
metric variables as desired. The parametric variables are held at a
particular value while the swept variable is swept through its range.

Then the parametric variables are stepped to their next value and the
swept variable is again swept through its range. In this way, a family

of curves may be generated through the use of these two types of variables.

An example of a swept variable and two parametric variables is given by:

STATET
FREQ .005 (25%) 1.5%
#R12 1 (3) L4 10 (2%) 20 35
*R34 10 (2) 15 20 50 100 (2) 200

Parametric variables are distinguished from swept variables by prefixing
them with an asterisk. Thus, in the above example, the swept variable
is FREQ and the parametric variables are R12 and R3k.

Note that some numbers are enclosed by parentheses while others are not.
The numbers which are not enclosed by parentheses represent specific
values to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>