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Chapter 1: Introduction to Simulator
Expressions

This document describes the simulator expressions that are available for use with
several Agilent EEsof EDA products. For a complete list of available simulator
functions, refer to the Alphabetical Listing of Simulator Functions in Chapter 2 or
consult the index.

Simulator expressions are functions that you define before they are used internally
during simulation run-time. They can be entered into the program using various
methods, depending on which product you are using. Unlike the expressions
described in the Measurement Expressions documentation, simulator expressions are
evaluated at the beginning of a simulation, not after the simulation has completed.

Although there is some overlap among many of the more commonly used functions,
simulator expressions and measurement expressions are derived from separate
sources, evaluated at different times, and can have subtle differences in their usages.
Thus, these two types of expressions need to be considered separately. For an
overview of how simulator expressions are evaluated, refer to Figure 1-1.

Note that if a particular term is used in a simulator expression, the term must be
defined before the simulation is run. For example, if you use the variable R in a
simulator expression, and R = S(1,1), where the results of S(1,1) will not be known
until after the simulation is complete, an error will be returned by the simulator.
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Figure 1-1. How Simulator Expressions are Evaluated.
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Within this document you will find:
= Information on simulator expressions syntax.

= A functions reference table that provides a complete list of all available
simulator functions. Individual functions are also listed in the index for your
convenience.

= Information specific to entering simulator expressions in your product.

You will also find a complete list of functions that can be used as simulator
expressions individually, or combined together as a nested expression. These
expressions have been separated into libraries and are listed in alphabetical order
within each library. The expressions available include:

= Chapter 3, Data Access Functions

Chapter 4, Harmonic Balance Functions
Chapter 5, Math Functions

Chapter 6, S-Parameter Analysis Functions

Chapter 7, Transient Source Functions

Chapter 8, Utility Functions

Note All predefined expressions, functions, constants, and variables listed in this
chapter are reserved names. You can use them in your expressions; however, you
cannot redefine them to something else.
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Introduction to Simulator Expressions

Simulator Expressions Syntax

Use the following guidelines when creating simulator expressions:

= Simulator expressions are based on the mathematical syntax in Application
Extension Language (AEL).

= Function names, variable names, and constant names are all case sensitive in
simulator expressions.

= Use commas to separate arguments.
= White space between arguments is acceptable.
The general form of an expression is:
expressionName = nonconstantExpression
For example:
x1 = 4.3 + freq;
syc_a = cos(1.0+sin(pi*3 + 2.0*x1))

Zin = 7.8 ohm + j*freq * 1.9 ph
y = if (x equals 0) then 1.0e100 else 1/x endif

Case Sensitivity

All variable names, functions names, and equation names are case sensitive in
simulator expressions.
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Predefined Expressions

The following expressions are predefined:

gaussian = _gaussian_tol(10.0) default gaussian distribution
nfmin = _nfmin() the minimum noise figure
omega = 2.0*pi*freq the analysis frequency

m = _m() the noise resistance

sopt = _sopt the optimum noise match
tempkelvin = temp + 273.15 the analysis temperature
uniform = _uniform_tol(10.0) default uniform distribution

Constants and Variables

Many predefined constants and predefined global variables are available. Table 1-1
lists the simulator constants and variables and provides a brief description of each.

Constants

An integer constant is represented by a sequence of digits optionally preceded by a
negative sign (e.g. 14, -3).

A real number contains a decimal point and/or an exponential suffix using the e
notation (e.g. 14.0 , -13e-10 ).

The only complex constant is the predefined constant j , which is equal to the square
root of -1. It can be used to generate complex constants from real and integer
constants (e.g., j*3 , 9.1 +j*1.2e-2 ). The predefined functions “complex()” on

page 5-15 and “polar()” on page 5-68 can also be used to enter complex constants into
an expression.

A string constant is delimited by single or double quotes (e.g. 'string’  , "thisis a
string” ). Always use vertical quotes (e.g. '<string>') as opposed to open quotes (e.g.
‘<string>").

Variables

Variables can be modified and swept. The main difference between expressions and
variables is that a variable can be directly swept and modified by an analysis but an
expression cannot. Note however, that any instance parameter that depends on an

Simulator Expressions Syntax 1-5



Introduction to Simulator Expressions

expression is updated whenever one of the variables that the expression depends
upon is changed (e.g. by a sweep).

The general form of variables is:

variableName = constantExpression

Note Once a variable has been defined, it cannot be redefined with another
variableName = constantExpression statement. This will create an error.

For example:

x1 = 4.3inches + 3mils

syc_a = cos(1.0+sin(pi*3))

Zin = 7.8K - j*3.2k
The type of a variable is determined by the type of its value. For example, x=1 is an
integer, x=1+ is complex, and x ="Tuesday" is a string.

Predefined Constants and Variables Reserved Names

When you are using simulator expressions, keep in mind that predefined constants
and variables are reserved words. You can use these constants and variables, but you
cannot redefine them to something else. Table 1-1 lists the simulator constants and
variables available and provides a brief description of each.

Table 1-1. Predefined Simulator Variables and Constants Reserved Names

Variable/Constant Name Description

__ fdd Flag to indicate a new FDD instance

__fdd_v Flag to indicate updated FDD state vars

_ABM_PhaselTT Phase for ABM cosim modeling (internal use)
ABM SourceLevelTTT Linear amplitude scaling for ABM cosim

- - modeling (internal use)

T The _iand _vvariables should only be used in the context of the SDD device.

™ The sourcelevel variable is used by the spectral analysis when it needs to gradually increase
source power from O to full scale to obtain convergence. It can be used by the user to sweep
the level of ALL spectral source components, but is not recommended.

T The _ABM_Phase and _ABM_Sourcelevel variables are only visible in an

AVM/FastCosim dataset; however, they are not supported for regular use. These are used as
the independent swept variables for the nonlinear characterization data.
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Table 1-1. Predefined Simulator Variables and Constants Reserved Names

Variable/Constant Name Description
_ac_state Is analyses in ac state
_clto_c30 Symbolic controlling current
_dc_state Is analyses in dc state
_default Used to set parameter to inbuilt default value.
_freql to _freql2 Fundamental frequency
_harm Harmonic number index for sources and FDD
_hb_state Is analyses in harmonic balance state
ilto _ilgT State variable currents used by the sdd device
M Multiplicity factor.
_p2dinputPower Port input power for P2D simulation
_sigproc_state Is analyses in signal processing state
_sm_state Is analyses in sm state
_Sp_state Is analyses in sparameter analysis state
_tr_state Is analyses in transient state

vito viof State variable voltages used by the sdd
- - device
time=0s the analysis time
timestep=1s the analysis time step
tranorder = 1 the transient analysis integration order
freq = 1e+006 Hz the analysis frequency
Nsample =0 signal processing analysis sample number
ScheduleCycle = 0 signal processing schedule cycle number
DefaultValue = -1 signal processing default parameter value
noisefreq = 1e+006 Hz the spectral noise analysis frequency
T The _iand _vvariables should only be used in the context of the SDD device.
T The sourcelevel variable is used by the spectral analysis when it needs to gradually increase
source power from O to full scale to obtain convergence. It can be used by the user to sweep
the level of ALL spectral source components, but is not recommended.
T The _ABM_Phase and _ABM_Sourcelevel variables are only visible in an
AVM/FastCosim dataset; however, they are not supported for regular use. These are used as
the independent swept variables for the nonlinear characterization data.
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Table 1-1. Predefined Simulator Variables and Constants Reserved Names

Variable/Constant Name

Description

ssfreq = 1e+006 Hz

the small-signal mixer analysis frequency

temp=25C the analysis temperature

tnom=25C default nominal temperature for models
e =2.71828 2.71838...

j Square root of -1

In10 = 2.30259 In(10)

pi 3.14...

c0 = 2.99792e+008 m/s

the speed of light

e0 = 8.85419e-012

vacuum permittivity

u0 = 1.25664e-006

vacuum permeability

boltzmann = 1.38066e-023

Boltzmann's constant

gelectron = 1.60218e-019

the charge of an electron

planck = 6.62608e-034

Planck's constant

hugereal = 1.79769e+308

largest real number

tinyreal = 2.22507e-308

smallest real number

sourceLevel = 111

used for source-level sweeping

dcSourcelLevel = 1

used for DC source-level sweeping

logRshunt =0

used for DC Rshunt sweeping

logNodesetScale = 0

used for DC nodeset simulation

logRforce =0 used for HB Rforce sweeping

mcindex = 0 index for Monte Carlo sweeps
doeindex =0 index for Design of Experiment sweeps
Costindex =0 index for optimization cost plots

T The _iand _vvariables should only be used in the context of the SDD device.

™ The sourcelevel variable is used by the spectral analysis when it needs to gradually increase
source power from O to full scale to obtain convergence. It can be used by the user to sweep
the level of ALL spectral source components, but is not recommended.

T The _ABM_Phase and _ABM_Sourcelevel variables are only visible in an
AVM/FastCosim dataset; however, they are not supported for regular use. These are used as
the independent swept variables for the nonlinear characterization data.
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Table 1-1. Predefined Simulator Variables and Constants Reserved Names

Variable/Constant Name

Description

mcTrial = 0 trial counter for Monte Carlo based
simulations

optlter =0 optimization job iteration counter

doelter=0 doe experiment iteration counter

Devicelndex = 0

device Index used for noise contribution or DC
OP output

LinearizedElementindex = 0

index for BudLinearization sweep

DF_Value = -1e+009

reference to corresponding value defined in
Data Flow controller

DF_ZERO_OHMS = 1e-013

symbol for use as zero ohms

DF_Defaultint = -1e+009

reference to default int value defined in Data
Flow controller

T The _iand _vvariables should only be used in the context of the SDD device.

™ The sourcelevel variable is used by the spectral analysis when it needs to gradually increase
source power from O to full scale to obtain convergence. It can be used by the user to sweep
the level of ALL spectral source components, but is not recommended.

T The _ABM_Phase and _ABM_Sourcelevel variables are only visible in an
AVM/FastCosim dataset; however, they are not supported for regular use. These are used as
the independent swept variables for the nonlinear characterization data.

Units and Scale Factors

The fundamental units for the simulator are shown in Table 1-2. A parameter with a

given dimension assumes its value has the corresponding units. For example, for a
resistance, R=10 its assumed to be 10 Ohms.

Table 1-2. Fundamental Units in the Simulator

Dimension Fundamental Unit
Frequency Hertz
Resistance Ohms
Conductance Siemens
Capacitance Farads
Inductance Henries

Length meters
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Introduction to Simulator Expressions

Table 1-2. Fundamental Units in the Simulator

Dimension Fundamental Unit
Time seconds

Voltage Volts

Current Amperes

Power Watts

Distance meters
Temperature Celsius

Recognizing Scale Factors

Variations on the fundamental units in the simulator are referred to as scale factors.
A scale factor is a single word that begins with a letter or an underscore character ().
The remaining characters, if any, consist of letters, digits, and underscores. The value
of a scale factor is resolved using the following rules in the order shown:

1. If the scale factor exactly matches one of the predefined scale-factor words
(Table 1-3), then use the numerical equivalent; otherwise, go to rule 2.

Table 1-3. Predefined Scale Factor Words

Scale Factor Word Numerical Equivalent Meaning

mil 2 54*10°5 mils

mils 2.54*10°5 mils

in 2 54*10°2 inches

ft 12%2.54*10°2 feet

mi 5280*12%2.54*10°2 miles

cm 1.0*1072 centimeters
PHz 1.0*1015 petahertz

dB 1.0 decibels

nmi 1852 nautical miles

2. If the scale factor exactly matches one of the scale-factor units (Table 1-4) except
for m, then use the numerical equivalent; otherwise, go to rule 3.
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Table 1-4. Scale Factor Units

Scale Factor Unit Numerical Equivalent  Meaning

A 1.0 Amperes
F 1.0 Farads
H 1.0 Henries
Hz 1.0 Hertz
meter 1.0 meters
meters

metre

metres

Ohm 1.0 Ohms
Ohms

S 1.0 Siemens
sec 1.0 seconds
\ 1.0 Volts

w 1.0 Watts

3. If the first character of the scale factor is one of the legal scale-factor prefixes
(Table 1-5), then use the numerical equivalent; otherwise, go to rule 4.

Table 1-5. Scale Factor Prefixes

Numerical
Prefix Equivalent Meaning
T 1012 Tera
G 109 Giga
M 106 Mega
K 103 kilo
k 103 kilo
_ 1 (no scale)
(underscore)
m 10-3 milli
u 1076 micro
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Table 1-5. Scale Factor Prefixes

n 109 nano
p 10-12 pico
f 10-15 femto
a 10-18 atto

4. The scale factor is not recognized.
Important considerations include:
= Scale factors are case sensitive.
= A single mmeans milli , not meters .
« A lower case f by itself means femto . An upper case F by itself means Farad .
= A lower case a by itself means atto . An upper case A by itself means Ampere.
= The imperial units (mils , in, ft , mi, nmi) do not accept prefixes.

= The simulator will report a warning if an unrecognized scale factor is
encountered, and use a scale-factor value of 1.0.

= It is not required that the characters following a scale-factor prefix match one
of the scale-factor units.

= There are no scale factors for dBm dBWor temperature. Simulator functions
are provided to convert these values to the corresponding fundamental units
(Watts and Celsius).

Mathematical Operators and Hierarchy

Simulator expressions are evaluated from left to right, unless there are parentheses.
Operators are listed from higher to lower precedence in Table 1-6. Operators on the
same line have the same precedence. For example, a+bc means a+(bc), because
multiplication has a higher precedence than addition. Similarly, a+b-c means (a+b)—c,
because addition and subtraction have the same precedence (and because + is
left-associative).

The operators !, &&, and || work with the logical values. The operands are tested for
the values TRUE and FALSE, and the result of the operation is either TRUE or
FALSE. A logical test of a value is TRUE for non-zero numbers or strings with
non-zero length, and FALSE for 0.0 (real), O (integer), NULL or empty strings. Note
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that the right hand operand of && is only evaluated if the left hand operand tests
TRUE, and the right hand operand of | | is only evaluated if the left hand operand
tests FALSE.

The Boolean operators >=, <=, >, <, ==, 1= | and, or, equals, and not equals also
produce logical results, producing a logical TRUE or FALSE upon comparing the
values of two expressions. These operators are most often used to compare two real
numbers or integers. These operators operate differently than C with string
expressions in that they actually perform the equivalent of strcmp() between the first
and second operands, and test the return value against 0 using the specified operator.

Table 1-6. Arithmetic and Boolean Operator Precedence

Operator Name Example

@) function call foo(expr_list)

[1 indexer, array X[expr_list]

i exponentiation expr*expr

N

* multiply expr * expr

/ divide expr / expr

+ add expr + expr

- subtract expr - expr
sequence operator exp::expr::expr
wildcard start::inc::stop

< less than expr < expr

<= less than or equal to expr <= expr

> greater than expr > expr

>= greater than or equal to expr >= expr

== equal expr == expr

equals

1= not equal expr != expr

notequals

&& logical and expr && expr

and

Il logical or expr || expr

or
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Conditional Expressions

The simulator supports simple in-line conditional expressions:

A=if  boolExprthen exprelse expr endif
A=if  boolEXxprthen expr elseif boolExpr then exprelse expr endif

boolExpr is a valid Boolean expression, that is, an expression that evaluates to TRUE
or FALSE.

expr is any valid non-Boolean expression.

The else is required because the conditional expression must always evaluate to some
value.

There can be any number of occurrences of elseif ~ exprthen expr.

A conditional expression can legally occur as the right-hand side of an expression or
function definition or, if parenthesized, anywhere in an expression that a variable can
occur. The dimensionality and number of points in these expressions follow the same
matching conditions required for the basic operators. The type of the result depends
on the type of the true and false expressions. The size of the result depends on the
size of the condition, the true expression, and the false expression.

Boolean expressions

A Boolean expression must evaluate to TRUE or FALSE and, therefore, must contain
a relational operator (equals, =, ==, notequals, !=, <, >, <=, or >=).

The only legal place for a Boolean expression is directly after anif or an elseif
A Boolean expression cannot stand alone, that is,
Xx=a>b

is illegal.

Precedence
Tightest binding: equals, =, ==, notequals, !=, >, <, >=, <=

not, !
and

Loosest binding: or, ||

All arithmetic operators have tighter binding than the Boolean operators.
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Evaluation

Boolean expressions are short-circuit evaluated. For example, if when evaluating a
and b, expression a evaluates to FALSE, expression b will not be evaluated.

During evaluation of Boolean expressions with arithmetic operands, the operand
with the lower type is promoted to the type of the other operand. For example, in 3
equals x +j*b, 3 is promoted to complex.

A complex number cannot be used with <, >, <=, or >=. Nor can an array (and
remember that strings are arrays). This will cause an evaluation-time error.

Pointers can be compared only with pointers.
Examples
Protect against divide by zero:

f(a) = if a equals 0 then 1.0e100 else 1.0/a endif
Nested if’s #1:

f(mode) = if mode equals 0 then 1-a else f2(mode) endif
f2(mode) = if mode equals 1 then log(1-a) else f3(mode) endif
f3(mode) = if mode equals 2 then exp(1-a) else 0.0 endif

Nested if's #2:

f(mode) = if mode equals 0 then 1-a elseif mode equals 1 then log(1-a) \
elseif mode equals 2 then exp(1-a) else 0.0 endif

Soft exponential:
exp_max = 1.0el6

X_max = In(exp_max)
exp_soft(x) = if x<x_max then exp(x) else (x+1-x_max)*exp_max endif
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Functions
You can define your own functions in simulator expressions. These functions can then
be used in other expressions.
The general form of a function is:
functionName( [ argl, ..., argn ] ) = expression
For example:

y_srl(freq, r, 1) = 1.0/(r + j*freg*l)

expl(a,b) = exp(a)*step(b-a) + exp(b)*(a-b-1)*step(a-b)
In expression, the function’s arguments can be used, as can any other ADS Simulator
variables, expressions, or functions. For a complete list of available simulator
functions, refer to the Alphabetical Listing of Simulator Functions in Chapter 2 or
consult the index.

Note The trigonometric functions always expect the argument to be specified in
radians. If you want to specify the angle in degrees, then use the function “deg()” on
page 5-31 to convert radians to degrees, or you can use the function “rad()” on

page 5-71 to convert degrees to radians.

Another example of defining and using a function is:

B(x) = makearray(1,x*1.0,x*2.1,x*3.0)
B_2 =B(2)[2]
returns 4.2

Predefined Functions Reserved Names

Table 1-7 lists predefined functions which are reserved names. Many functions in the
list are used only internally, or are obsolete, so they are not described in the
documentation. However, the names are still reserved.
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Table 1-7. Predefined Function Reserved Names

abs bin
access_all_data T bitseq
access_data
acos
acosh
amp_harm_coef T
arcsinh
arctan
asin
asinh
atan
atan2
atanh
awg_dia T
ceil damped_sin
coef_count T db
complex ggmt
" mtoa
gg?pute_poly_coef dbmtov
j dbmtow
cos dbpolar
Egzﬁpulse dbwtow
oot deembed T
coth deg
cpx_gain__poly t delay t
ctof dep_data T
ctok deriv T
cxform T dphase
dsexpr
dstoarray t
d_atan2 T

T These simulator functions are for Agilent internal use only and are not supported for regular

use.

™t These simulator functions are used for frequency-domain defined devices (FDDs). For more
information, refer to the section on “Retrieving Values from Port Variables” in Chapter 6 of the

ADS “User-Defined Models” documentation.

Functions
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Table 1-7. Predefined Function Reserved Names

echo floor
embedded_ptolemy_exec T fmod

erf_pulse fread T
eval_controlled_pwl freq_mult_coef T
eval_miso_poly frea mult oolv T
eval_poly ftog_ —poly
oxp ftok

exp_pulse

gedata_to_poly T hypot

generate_gmsk_iq_spectra T
generate_gmsk_pulse_spectra T
generate_piqpsk_spectra T
generate_pulse_train_spectra U
generate_gam16_spectra

generate_qpsk_pulse_spectra T
get_array_size

get_attribute T

get_block t
get_fund_freq

get_max_points U

T These simulator functions are for Agilent internal use only and are not supported for regular
use.

™t These simulator functions are used for frequency-domain defined devices (FDDs). For more
information, refer to the section on “Retrieving Values from Port Variables” in Chapter 6 of the
ADS “User-Defined Models” documentation.
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Table 1-7. Predefined Function Reserved Names

it in
ilsb T

imag

impulse

imt_hbdata_to_array T
imt_hpvar_to_array T

index

innerprod T

inoise

int

internal_generate_gmsk_iq_spectra T
internal_generate_gmsk_pulse_spectra T
internal_generate_pigpsk_spectra T
internal_generate_pulse_train_spectra t
internal_generate_gam16_spectra T
internal_generate_qpsk_pulse_spectra T
internal_get_fund_freq T
internal_window T

interp T

interpl T

interp2 T

interp3 T

interp4 T

iss T

itob

iusb T

T These simulator functions are for Agilent internal use only and are not supported for regular

use.

™ These simulator functions are used for frequency-domain defined devices (FDDs). For more
information, refer to the section on “Retrieving Values from Port Variables” in Chapter 6 of the

ADS “User-Defined Models” documentation.

Functions
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Table 1-7. Predefined Function Reserved Names

ktoc length
ktof Ifsr
limit_warn
list
In
log
log10
log_amp T
log_amp_cas U
lookup U
mag names T
makearray nft
max
min norm T

miximt_coef T
miximt_poly T
multi_freq T

SE:Zdeg ainterp '
phaserad
phasewrap

phase_noise_pwil T
polar

polarcpx

pow

pulse

pwil

pwir

pwir_tr T

T These simulator functions are for Agilent internal use only and are not supported for regular
use.

™t These simulator functions are used for frequency-domain defined devices (FDDs). For more

information, refer to the section on “Retrieving Values from Port Variables” in Chapter 6 of the
ADS “User-Defined Models” documentation.
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rad scalearray
ramp sens |
rawtoarray T setDT T
readdata sffm
readlib T sgn
readraw T 2:: c
read_data T sinh
read_lib U spectrum
real sprintf
rect sgrt

rem step
repeat t strcat
ripple stypexform T
rms T sym_set T
rpsmooth T system U

T These simulator functions are for Agilent internal use only and are not supported for regular
use.

™ These simulator functions are used for frequency-domain defined devices (FDDs). For more

information, refer to the section on “Retrieving Values from Port Variables” in Chapter 6 of the
ADS “User-Defined Models” documentation.

Functions

1-21



Introduction to Simulator Expressions

Table 1-7. Predefined Function Reserved Names

tan vt

tanh value

thd T visb T

toi T vnoise T

transform vss T
vswrpolar
vusb T

T These simulator functions are for Agilent internal use only and are not supported for regular
use.

™ These simulator functions are used for frequency-domain defined devices (FDDs). For more
information, refer to the section on “Retrieving Values from Port Variables” in Chapter 6 of the
ADS “User-Defined Models” documentation.
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Table 1-7. Predefined Function Reserved Names

window T _discrete_density U
wtodbm _divn t

_gaussian T
_gaussian_tol U
_get_fnom_freq U
_get_fund_freq_for_fdd U
_Ifsr T
_mvgaussian U
__mvgaussian_cov T
_nfmin T

_n_state T
_phase_freq U
_pwl_density T
_pwl_distribution T
_randvar T

_m t

_shift_reg U

si Tt

sibbt

sidft

_si_e T

_sopt T

sy Tt

_sv_bb t

_sv. d T

svel

tn'

tof

T

_uniform T
_uniform_tol t
_xcross T

T These simulator functions are for Agilent internal use only and are not supported for regular
use.

™t These simulator functions are used for frequency-domain defined devices (FDDs). For more

information, refer to the section on “Retrieving Values from Port Variables” in Chapter 6 of the
ADS “User-Defined Models” documentation.

Functions
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Chapter 2: Using Simulator Expressions in
Advanced Design System

Simulator expressions can be entered into Advanced Design System using the
following methods:

= “Using a VAR (Variables and Equations Component)” on page 2-2

= “Editing Component Parameters” on page 2-4

= “Setting up a Frequency-domain Defined Devices (FDD)” on page 2-5
= “Setting up a Symbolically Defined Devices (SDD)” on page 2-5
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Using Simulator Expressions in Advanced Design System

Using a VAR (Variables and Equations Component)

Simulator expressions are sometimes referred to as VARs in Advanced Design
System. The VAR (Variables and Equations Component) is available in the Data
Items palette in an Analog/RF Systems Schematic window, or from the Controllers
palette in a Signal Processing Schematic window. For more information, refer to VAR
(Variables and Equations Component) in chapter 5 of the Introduction to Circuit
Components documentation.

To add a simulator expression in an Analog/RF Systems Schematic window using a
VAR:

1. Click the VAR in the Data Items palette.

2. Place a VAR on the schematic.

3. Double-click the VAR to display the dialog box.

4. Click the Equation Editor button. The Equation Editor dialog box is displayed.

= Equation Editor:1 |
Variables
X
X =
[ abs(-7.7+3) << Bt o
OK Cancel Help

5. Enter your expression in the field provided and click OK.

For more information on using the Equation Editor, click the Help button in the
lower right hand corner of the dialog box. This will refer you to “Using the
Equation Editor” in the Schematic Capture and Layout documentation.
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VarEgn Data Types

The four basic data types that VarEgn supports are integer, real, complex, and string.
There is a fifth data type, pointer, that is also supported. Pointers are not allowed in
an algebraic expression, except as an argument to a function that is expecting a
pointer. Strings are not allowed in algebraic expressions either except that addition of
strings is equivalent to catenation of the strings. String catenation is not
commutative, and since VarEqn's simplification routines can internally change the
order of operands of commutative operators, this feature should be used cautiously. It
will most likely be replaced by an explicit catenation function.

Type conversion

The data type of a VarEqn expression is determined at the time the expression is
evaluated and depends on the data types of the terms in the expression. For example,
let y=3*x"2. If X is an integer, then y is integer-valued. If x is real, then vy is
real-valued. If x is complex, then y is complex-valued.

As another example, let y=sqrt(2.5*x). If x is a positive integer, then y evaluates to a
real number. If, however, X is a negative integer, then y evaluates to a complex
number.

There are some special cases of type conversion:

= If either operand of a division is integer-valued, it is promoted to a real before
the division occurs. Thus, 2/3 evaluates to 0.6666....

= The built-in trigonometric, hyperbolic, and logarithmic functions never return
an integer, only a real or complex number.
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Using Simulator Expressions in Advanced Design System

Editing Component Parameters

Simulator expressions can be entered in place of most component parameters in
Advanced Design System. The components are available from the component palette
in an Analog/RF Systems Schematic window, or from the Controllers palette in a
Signal Processing Schematic window. For more information on ADS components,
refer to the Components category of your online documentation set.

To add a simulator expression to a component parameter:

1.

In a schematic window, select the component from the component palette and
place it on the schematic.

. Double-click the component to display the dialog box.
. If available, set the Parameter Entry Mode to Standard in the component dialog
box.

Note The Standard Parameter Entry Mode is not available for all component
parameters. If the Standard Parameter Entry Mode is not available, the
Equation Editor is not available for that particular parameter.

. Click the Equation Editor button. The Equation Editor dialog box appears with

the component parameter displayed on the left.

. Enter your expression in the field provided and click OK.

For more information on using the Equation Editor, click the Help button in the
lower right hand corner of the dialog box. This will refer you to Using the
Equation Editor in the Schematic Capture and Layout documentation.

2-4 Editing Component Parameters



Setting up a Frequency-domain Defined Devices
(FDD)

The frequency-domain defined device (FDD) enables you to create equation-based,
user-defined, nonlinear components. The FDD is a multi-port device that describes
current and voltage spectral values in terms of algebraic relationships of other
voltage and current spectral values. It is for developing nonlinear, behavioral models
that are more easily defined in the frequency domain.

For more information on setting up an FDD, refer to chapter 7 of the Nonlinear
Devices documentation.

Setting up a Symbolically Defined Devices (SDD)

The symbolically-defined device (SDD) enables you to create equation based,
user-defined, nonlinear components. The SDD is a multi-port device which is defined
by specifying algebraic relationships that relate the port voltages, currents, and their
derivatives, plus currents from certain other devices.

For more information on setting up an SDD, refer to chapter 7 of the Nonlinear
Devices documentation.
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Using Simulator Expressions in Advanced Design System

Alphabetical Listing of Simulator Functions

Consult the Index for an alternate method of accessing simulator functions.

For information on measurement functions, refer to the Measurement Expressions
documentation.

A

“abs()” on page 5-3 “asin()” on page 5-8
“access_data()” on page 3-2 “asinh()” on page 5-9
“acos()” on page 5-4 “atan()” on page 5-10
“acosh()” on page 5-5 “atan2()” on page 5-11
“arcsinh()” on page 5-6 “atanh()” on page 5-12

“arctan()” on page 5-7

B,C

“bin()” on page 5-13 “cos_pulse()” on page 7-4
“bitseq()” on page 7-2 “cosh()” on page 5-18
“ceil()” on page 5-14 “cot()” on page 5-19
“complex()” on page 5-15 “coth()” on page 5-20
“conj()” on page 5-16 “ctof()” on page 5-21
“cos()” on page 5-17 “ctok()” on page 5-22

D

“damped_sin()” on page 7-7 “dbpolar()” on page 5-29
“db()” on page 5-23 “dbwtow()” on page 5-30
“dbm()” on page 5-24 “deg()” on page 5-31
“dbmtoa()” on page 5-26 “dphase()” on page 5-32
“dbmtov()” on page 5-27 “dsexpr()” on page 3-4

“dbmtow()” on page 5-28
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E
“echo()” on page 8-2
“erf_pulse()” on page 7-9

“eval_controlled_pwl()” on page 5-33
“eval_miso_poly()” on page 5-36

F
“floor()” on page 5-47
“fmod()” on page 5-48

G

“get_array_size()” on page 3-5

H,l

“hypot()” on page 5-51
“imag()” on page 5-52
“impulse()” on page 7-13

J,K,L

“in()” on page 5-55
“ktoc()” on page 5-56
“ktof()” on page 5-57
“length()” on page 3-8
“Ifsr()” on page 7-14

M,N
“mag()” on page 5-61
“makearray()” on page 3-10

“eval_poly()” on page 5-41
“exp()” on page 5-45
“exp_pulse()” on page 7-11

“ftoc()” on page 5-49
“ftok()” on page 5-50

“get_fund_freq()” on page 4-2

“index()” on page 3-6
“int()” on page 5-53
“itob()” on page 5-54

“limit_warn()” on page 8-3
“list()” on page 3-9

“In()” on page 5-58

“log()” on page 5-59
“log10()” on page 5-60

“max()” on page 5-62
“min()” on page 5-63
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P.Q

“phase()” on page 5-64
“phasedeg()” on page 5-65
“phaserad()” on page 5-66
“phasewrap()” on page 5-67
“polar()” on page 5-68

R

“rad()” on page 5-71
“ramp()” on page 7-21
“real()” on page 5-72

S

“scalearray()” on page 3-12
“sffm()” on page 7-25
“sgn()” on page 5-74

“sin()” on page 5-75
“sinc()” on page 5-76
“sinh()” on page 5-77

T,V,W

“tan()” on page 5-80
“tanh()” on page 5-81
“value()” on page 8-8

“polarcpx()” on page 5-69
“pow()” on page 5-70
“pulse()” on page 7-15
“pwl()” on page 7-17
“pwlr()” on page 7-19

“rect()” on page 7-23
“rem()” on page 5-73
“ripple()” on page 6-2

“spectrum()” on page 5-78
“sprintf()” on page 8-5
“sqrt()” on page 5-79
“step()” on page 7-27
“strcat()” on page 8-7

“vswrpolar()” on page 6-3
“wtodbm()” on page 5-82
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Chapter 3: Data Access Functions

This chapter describes the data access functions in detail. Data Access Functions are
used to manipulate data types, such as arrays, lists, datasets, etc. The functions are
listed in alphabetical order.

G,LMS

“access_data()” on page 3-2 “length()” on page 3-8
“dsexpr()” on page 3-4 “list()” on page 3-9
“get_array_size()” on page 3-5 “makearray()” on page 3-10
“index()” on page 3-6 “scalearray()” on page 3-12
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Data Access Functions

access_data()

Datafile dependents lookup or interpolation function

Syntax
access_data(AccessType, DataSetVar, lvarl, IValuel, lvar2, lvalue2, ...)
Arguments
Name Description Range  Type Required
AccessType Type of access to data |[0-6] T integer, string yes
DataSetVar Dataset variable that dataset variable yes
points to dataset that
has been accessed
Ivarl, Ivar2, . Independent variable string, integer no
to be accessed
Ivaluel, lvalue2, | Independent variable integer, real, complex, string no
value to be accessed
T alternately use
[linear,spline,cubic,index_lookup,value_lookup,ceil_value_lookup,floor_value_lookup]

Examples

In this example, it is assumed that the dataset spar.ds contains S-parameters at two
frequencies, 1 and 2 GHz.

dsS11 = dsexpr("S(1,1)", "spar.ds")
returns the S(1,1) dataset variable

adVo0 = access_data("linear", dsS11, "freq", 1.5 GHz)
returns linearly interpolated S11 at 1.5 GHz

adV3 = access_data(3, dsS11, "freq", 1)
returns S11 at 2 GHz

adV4 = access_data(4, dsS11, "freq”, 1 GHz)
returns S11 at 1 GHz

adV5 = access_data(5, dsS11, "freq"”, 1.9 GHz)
returns Sllat 2 GHz

adV6 = access_data(6, dsS11, "freq", 1.1 GHz)
returns Sllat 1 GHz
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See Also
dsexpr()
Notes/Equations

The access_data() function is used to access the dependent data of a specific type from
a dataset. The accessed data can then be used in the design as a parameter value or
in other simulation expressions. The data can be accessed either by interpolation or

lookup. The access type choices are:

Access Type Description

0 or linear access data by linear interpolation

1 or spline access data by spline interpolation

2 or cubic access data by cubic interpolation

3 or index_lookup access data by index value truncation, average of end
indices if midway

4 or value_lookup access data by value - nearest value, average of end points
if midway

5 or ceil_value_lookup access data by nearest value not less than given value,
except maximum of value for value greater than maximum
value

6 or floor_value_lookup |access data by nearest value not greater than given value,
except minimum of value for value less than minimum value
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Data Access Functions

dsexpr()
Evaluate a dataset expression to a dataset variable
Syntax
dsexpr(Expression, DataSet, UseCache)
Arguments
Name Description Range Type Default Required
Expression | Expression to be string yes
evaluated
DataSet Full-path to the dataset string yes
file
UseCache |Use Dataset that has |[True, False] | boolean False no
already been cached
Examples

In this example, it is assumed that the dataset spar.ds contains S-parameters at
frequencies of 1 and 2 GHz.

Sl11Var=dsexpr("S(1,1)", "spar.ds")
returns a dataset variable containing S(1,1)

S11A=dstoarray(S11Var)
returns an array of S(1,1) value

See Also
access_data()
Notes/Equations

The dsexpr() function executes a simulation expression on the dataset and returns
the results as a dataset variable, which can be processed further to access the
required data. If the dataset has already been accessed before and has been cached,
then the cached value can be accessed by setting the UseCache argument as True.
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get_array_size()

Get the size of the array

Syntax

get_array_size(Array)

Arguments

Name Description Type Required
Array array integer, real, complex or string array yes
Examples

rA = makearray(1, 1, 2.0, 3.0)
returns a real array of three numbers

rSize = get_array_size(rA)
returns 3

CA = makearray(z, 1+j*1, 2+j*2)
CSize = get_array_size(CA)
returns 2

SA = makearray(3, "One", "Two")
SSize = get_array_size(SA)
returns 2

See Also
length(), list(), makearray()

Notes/Equations

The get_array_size() function returns the number of elements in an array that has
been created using the makearray() function. The get_array_size() function cannot be

used with arrays that were created using the list() function.
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Data Access Functions

index()

Get index of name in an array

Syntax

index(Array, Name, CaseSensitive, Length)

Arguments

Name Description Range Type efault Required

Array Array of strings string array yes

Name Name or name of a string yes
simulator expression
variable to find in array

CaseSensitive | specifies if a case [NO, YES] |boolean YES no
sensitive search is to
be done

Length compares length [0, ) integer 0 no
number of characters

Examples

sA = makearray(3, "Zero", "One", "Two")
returns an array of three strings

indx = index(sA, "One")
returns 2

indx = index(sA, "one", 1)
returns -1

indx = index(sA, "On", 1, 2)
returns 2

varName = "One"
indx = index(sA, varName)
returns 2

See Also

makearray(), get_array_size()
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Notes/Equations

This function finds the index of a search string or name of a Simulator Expression
variable in the given string array. If a match is found, the index (starts at 1) is

returned. Otherwise, a -1 is returned.
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Data Access Functions

length()

Returns number of elements in array

Syntax
length(Array)

Arguments

Name Description Type

i

Required

Array array integer, real, complex or string array

yes

Examples

rA = makearray(1, 1, 2.0, 3.0)
returns a real array of three numbers

rSize = length(rA)
returns 3

CA = list(1+j*1, 2.0+j*2, 3.0+j*3)
returns a complex array of three numbers

cSize = length(cA)
returns 3

See Also
get_array_size(), list(), scalearray(), makearray()

Notes/Equations

The length() function returns the number of elements in an array that has been

created using the makearray() or list() function.
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list()

Creates a list of values

Syntax

list(AO,A1,A2,..)

Arguments

Name Description Type Required

AO0,A1,A2,. individual values of the |integer, real, complex, string or array T yes
array

If the arguments are arrays, they must all be the same length

Examples

y = list(2.0, 2.0, 3.0)

returns a real list of three numbers

y = list(1+j*1, 2+j*2, 3+j*3)

returns a complex list of three complex numbers

See Also
get_array_size(), length(), makearray(), scalearray()
Notes/Equations

The list() function is nothing but an array in Simulator Expressions. It is similar to
the makearray() function. The function can be used to create a list of integer, real, or
complex values. With the list() function, the data type does not need to be specified. If
any of the array entries are real, the array returned is of type real. If any of the
entries are complex, the array is of type complex. There should be a minimum of one
entry in the list. Unlike the makearray() function, the list() function cannot be used
to create an array of string or text values.

Note The list() function defined for Simulator Expressions has an index starting at
1; in contrast to the list() function in the Measurement Expressions, which has a
starting index of 0. This function does not support mixed value types in the same
area (e.g. complex, real, integer).

list) 3-9



Data Access Functions

makearray()

Creates an array of real, complex or string values

Syntax

makearray(Type, Al, A2.)

Arguments

Name Description Range  Type Required

Type array type 1:real, [1, 3] integer yes
2:complex or 3:string

Al,A2,. Values in the array (-0, c0) | real, complex or string yes

Array Array from which the real, complex or string array yes
sub-array is to be
created

Startindex | Start index of the array |[1, o) integer yes

Stopindex | Stop index of the array |[1, o) integer yes

Examples

rA = makearray(1, 1, 2.0, 3.0)
returns an array of three real numbers

CcA = makearray(2, 2, 1+j*1, 2+j*2)
returns an array of three complex numbers

sA = makearray(3, "One", "Two")
returns an array of 2 strings

sub_A = makearray(rA, 1, 2)
returns a sub-array containing (1.0, 2.0)

See Also

get_array_size(), length(), list(), scalearray()
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Notes/Equations

This function creates an array of real, complex, or string data type. There are two
ways that the function can be used.

= In the first syntax listed above, the individual entries in the array are specified.
The array must have a minimum of one value. In a real array, the values can
either be integers or real. In this case, the returned array is of type real. In a
complex array, the individual array entries can be integer, real, or complex. In
this case, an array with complex data type is created.

= In addition to the syntax mentioned above, the following syntax can also be
used to extract a subarray out of an existing array.

makearray(Array, Startindex, Stoplndex)

In this case, the Startindex must be greater than 1 and less than or equal to the
number of entries in the existing array.
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scalearray()

Scalar times a vector (array) function

Syntax

scalearray(Scalar, Array)

Arguments

Name Description Range  Type Required
Scalar Scalar value (-c0, c0) | integer, real or complex yes
Array Array to be scaled integer, real or complex array yes
Examples

rA = makearray(1, 1, 2.0, 3.0)
returns an array of three real numbers

srA = scalearray(19, rA)
returns array (19, 38, 57)

CA = makearray(2, 1+j*1, 2+j*2)
returns an array of three complex numbers

scA = scalearray(10, cA)
returns array (10+j*10, 20+j*20)

See Also
get_array_size(), length(), list(), makearray()
Notes/Equations

This function scales an array of integer, real, or complex data type by the specified
scalar value.
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Chapter 4: Harmonic Balance Functions

This chapter describes the Harmonic Balance functions in detail. The functions are
listed in alphabetical order.

G
“get_fund_freq()” on page 4-2
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Harmonic Balance Functions

get_fund_freq()

Get the frequency associated with a specified fundamental index

Syntax
get _fund_freq(fundamental)
Arguments
Name Description Range  Type equired
fundamental the fundamental index |[1, 12] integer, real yes
of the fre