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1. INTRODUCTION

This manual is meant as a guide to users who want to simulate thedrkeatith thesls
simulator The acrogm sls stands forSwitch-L&el Simulatoy and the simulator can be
used for simulating the logical and timing behavior of digital MOS circulits.the
simulator transistors are modeled by grounded capacitors and a switched. résistor
node in the netark has a logic state O, | or X (for unknown), and each transistor has a
state on, off or undefined Mary characteristics of MOS circuits can be modeled
accuratelyincluding: ratioed, complementary and pregear logic; dynamic and static
storage; pass transistors; busses; and charge sh@etgquse the simulator performs
local-event-driven gmulation, large networks with thousands of transistors can be
simulated in a reasonable time.

Theslssimulator is capable of simulating a MOS transistor network at thrvels:le

1. purelylogic simulation based on network topology and transistor types, without
considering the actual circuit parameters.

2. logic simulation based on actual circuit parameters (transistor dimensions and
interconnection resistances and capacitances are used to determine logic states).

3. logic and timing simulation based on actual circuit parameters (transistor
dimensions and interconnection resistances and capacitances are used to determine
logic states and delays).

Other important features of the simulator are:
+ piece-wise-linear voltageavdorm approximations with timing simulation.

« min-max delay simulation to account for circuit parametenations and model
accurag.

« mixed-level simulation for transistor-kel, gate-level and function-leel circuits.

The original switch-leel model - which only allows a simulation at the firstde- was
introduced by R.E. Bryant. Descriptions of it areegiin [1] and [2]. In [3], [4] and [5]

the principle of thesls simulator is described. The limitations of the simulator can also
be found there: Due to its simple transistor modH,is not as accurate as a circuit
simulator like SFICE [6], while sometimes the transistevel description of analogue
circuits like £nse amplifiers can not be simulated correctly at all.

Section 2 in this manualgs an aerview of the slspackage of programs.

Section 3 describes the syntax and semantics of the network description language.
Section 4 contains the syntax and semantics of the command language.

Section 5 gies sMe suggestions for solving troubles.

The use of function-iel circuit descriptions in thelssimulator is explained in [7].
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2. DESCRIPTION OF THE SLS-PACKAGE

The switch lgel simulation package consists of a number of programs. In Figure 1 the
relation between the three main programs is outlined. In this figure you will find the
following symbols:

Rectangle Rectanglestand for mecutable programs. The name of a particular
program is printed inside the rectangle.

Punch-card  Apunch-card symbol stands for one fil&.deck of punch-cards stands
for multiple files.

Arrow An arow denotes the information flo between programs and files.
Programs can read/write information from/toesal different files.

network command
file file
Y Y
csls sls_exp sls
cell.out
file
cell.res
file
| e A R A |

network
db-format

cell.plt
file

binary file
for sls

database

Figure 1. Information flav diagram of the SLS-package.
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The SLS-package Wwolves three main programs.

1. cslsmaps a hierarchicalls network description contained in one owveel files
into a network description in database format.

2. sls_expmaps the network description in database format into a binary (i.e. non
readable) file which serves as input file for the switelel lsmulator Actually a
collection of binary files can be created in the database, because first a binary file
for each subnetwork is created once. The expansion program links the binary files
of the subnetarks into one binary file of the total neivk. Normally sls_expis
automatically called bglswhen starting a simulation.

3. slsis the switch leel simulation program and reads input fronotfiles:

A binary file This file is generated bgls_expand contains the netwk
description in binary format.

A command file This file contains the simulation commands and must be
generated manually by the designer.

the output files that can be generatedlsyre:

cell.out Thisfile is the normal readable and printable output in table format.
Here 'tell" stands for the name of the cell that is simulated.

cell.res This file is not readable and serves as input foversé post
processing facilities or as input forvmaimulations.

cell.plt This file is only generated when approximatingltage vaveorms
are plotted. The file is not readabletlzan be used as input for a
post-processor.

cell.dis Thisfile is optionally generated when information about the dynamic
dissipation in the circuit is requested.

Other programs that belong to the SLS-packagehie post processing atilities
producing different sorts of outpuE.g.Ipsig can be used to plot simulation output on a
printer, and simeyds a graphical signal display and editing program.

For the invocation of the programs abe see the manual pages in the appendix of this
manual.

Apart from using the programsisto put a network description into the database, also
other programs may be used to generate an input netwaslsftike the layout to circuit
extraction progranspace.

The Nelsis IC Design System



Sls Users Manual 4

3. THE DESCRIPTION OF NETWORKS
3.1 General conventions

It is common practice to describe the syntax of a computer language in some meta
language. Thesyntax definition ofsls is described in the meta language proposed by
Wirth [8]. This language has ontypes of symbols:

terminal symbols These symbols are denoted by characters between double
guote marks, or words printed italic font. They must be
used literally or are described in the table xitdal
constructions".

non-terminal symbols These are denoted byovds in the ordinary font, and each of
them is described by a so-called production rule.

Each production rule of the sls syntaxgimes with a non-terminal, followed by an equal-
sign and a sequence of terminal and non-terminal symbols and meta characters, and is
terminated by a period. The meta characters imply:

Alternatives | A vertical bar between symbols denotes the choice of either one
symbol or another symbol. (i.e. a | b means either a or b)

Repetition {} Curly braclets denote that the symbols in between may be present
zero or more times.
(i.e. {a} stands forempty | a | aa | aaa | ...)

Optionality [] Square brackets denote that the symbols between them may be
present.
(i.e. [ a] stands for a | empty)

Paenthesis () Paenthesis sees for grouping of symbols in meta character
expressions.
(i.,e. (a| b) c stands for ac | bc)

Next the following rules are applied:

— A comment begins with "/*" and is terminated by "/* as in the C-langu&nery
character in between is discarded by the pargeu are not allowed to nest
comments.

— A name or identifier must begin with a letter and may bevietb by an arbitrary
number of letters, digits and underscore characters.

— Uppercase and lowercase letters are distinct.

— The blank, tab and newline are separators. Betweermsymvbols of a production rule
of a non-terminal symbol, an arbitrary number of separators may appear.
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— Values are specified in S.1. units (e.g. mdamad, ohm), and may appear with one of
the following scaling factors:

=1.0e-18
= 1.0e-15
=1.0e-12
=1.0e-9
=1.0e-6
=1.0e-3
=1.0e+3
= 1.0e+6
=1.0e+9

OZT~3c>S5T ™Y

— Terminal symbols that are not literal are described in te table. The dierence
between this syntax description (of terminal symbols) and following syntax
descriptions (of non-terminal symbols) is that here it is nowalibto use separators
between the symbols that nealgp tie production rule.

TABLE 1. Lexical constructions

power_ten ="1"{"0"}("a"["f"|"p"|"n"["u"['m"|"K"|"M"["G")].
f float = floaf("a"["f"|"p""n"["u"['m"|"k"|"'M"['G")].
float = integer["." integer][ exponeni
exponent = ("D"|"E"|"d"|"e")[("-"|"+")] integer.
identifier = letter{(letter | digit | "_")}.
string =""" character{ character} "™
character  =digit | letter| special
integer = digit { digit}.
letter ="a""b"|"c"["d"["e""f"["g""h" """

| K F [ me """ "p" """ [t

| UV WXy

[ "A""B"|"C"|"D"["E"["F"|"G""H"|"I"|"J"

| "KL "M N[O [P " Q"R ["S ™" T™

[ "U VWY
digit ="0""12N 3T 4 s e T "8 "9".
empty ="
special = any character that is notlatter, digit or """
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Examples:

power_ten: 10n 100p 1000u

f float: 1.3e-9 2.0n 6.8k 0.0004
identifier : abcd al23 this_IS_an_identifier
string : "this is a string/$*&"
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3.2 Network Description

TABLE 2. Syntax of the network part.

network_decls  =network_decl {network_decl}.
network_decl =network identifiedecl_part ntw_body.

The network part begins with theyword networkfollowed by the name of the nedvk,
a declaration part describing the interface to the outside world and a body specifying the
instances of devices and subnetworks.

3.3 Declarations

TABLE 3. Syntax of the declaration part.

decl_part ='(" term_decls ")".
term_decls #erm_decl {";" term_decl}.

term decl =terminalterm {"," term}.
term =identifier["[" range_list "]"].
range_list zrange {"," range}.

range Sintege ".." integer.

The declaration part is braeed by a left and right parenthesis. It must contain at least
one terminal declarationA terminal declaration begins with thesyword terminal
followed by a list of terminalsA list of terminals consists of one or more terminals
separated by commas.

Examples:
network register (terminal in[1..4,1..4], out[1..8])

network latch (terminal in, out;
terminal phi[0..1], vss, vdd)

3.4 Network Structure

The netvork body (ntw_body) is the statement part (stmt_part) bracketed by curly
braclets ({}). The statement part may contain instance, net and null statenmiérgs.
scope of the terminal, instance and node names in theonketsvlocal to the defined
network.
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TABLE 4. Syntax of the network body.

ntw_body ="{" stmt_part "}".
stmt_part sstatement {statement}.
statement nst_stmt | net_stmt | null_stmt.
inst_stmt =inst_struct] inst_def.
inst_struct ={" identifier[ "[" range_list "]"] }"
[ “{""." "[" range_list "]" }".
inst_def =transistor_def | function_def | resistor_def
| capacitor_def | call_def.
null_stmt ="
net_stmt =et"{" net_spec "}" ";".
net_spec vector_list | net_nodes ";".
vector_list ="(" net_nodes ")" {"," "(" net_nodes ")"}.
net_nodes mode_ref {"," node_ref}.
transistor_def  #type [attributes] connect_list ";".
ttype =nenh| penh| ndep
function_def ='@" ftype [attributes] connect_list ";".
ftype =invert| nand| nor | and| or | eor.
resistor_def zes f floatconnect_list ";".
capacitor_def =ap f_floatconnect_list ";".
call_def =identifierconnect_list";".
attributes =attribute {attribute}.
attribute =attr_label "=" attr_val.
attr_label 2w | || tr | tf.
attr_\al =f float
connect_list Z'(" connects ")" | "{" connects "}".
connects Tonnect {"," connect}.
connect snternal_ref | node_ref.
internal_ref H"[" index_list "]" ] "." node_ref.
node_ref dAntege | identifier[ "[* index_list "]" ].
index_list =index {"," index}.
index = intege | range.
range_list zrange {"," range }.
range Sinteger ".." integer.

3.4.1 instancstatement

The instance statement constitutes the actual place of a device, function or subnetwork in
the network being defined. An instance may optionallyeha $ructure part and must

have a cfinition part. The instance name in the structure part is especialgnient for
selecting particular nodes within the instance (as might be necessary in the simulation
command file). The instance mayvhan aray structure, which is specified by a range

list between square brackets after the instance ndine.general format of an instance
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definition is:
type attributes  connect_list

In each definition a node connection list is specified. This list can be interpretedl in tw
ways:

instance major order If the list is placed between parenthesis we define it to be in
instance major orderinstance major order means that when
the instance has array structure, for instance from 1 to 4, the
connection list will be interpreted as follows, first all the
terminal connections for the first array element, then that of
the second array element, etc..

parameter major order If the list is placed between curly brackets we define it to be
in parameter major ordeParameter major order means that
if the instance has array structure, the connection list will
consist of first the first terminals of all array elements, then
the second terminals of all array elements etc..

Examples:
{inv[1..3] } inverter (i1, o1,
i2, 02,
i3, 03);

{inv[1..3] } inverter { i1, i2, i3,
0l, 02,03};

{inv[1..3,1..3] } irverter { in[1..9], out[1..9] };

When "irverter" has terminals i and o, in the firstovaxamples i1 will be connected to
inv[1].i, ol to inv[1].0, i2 to inv[2].i, 02 to inv[2].0, i3 to inv[3].i and 03 tov[B].0. In
the third example, in[1] will be connected to inv[1,1].i, in[2] to inv[1,2].i, In[3] tO
inv[1,3].i, in[4] to inv[2,1].i, etc. out[1l] to inv[1,1].0, out[2] to inv[1,2].0, out[3] to
inv[1,3].0, out[4] to inv[2,1].0, etc.

If the instance is an array of elements one can specify internal connections in the
connection list. With an internal connection one can directly interconnect terminals of the
array elements of the instance. An internal connection is denoted by selecting a formal
terminal of an instanced (possibly array) element and is put into the right place in the
connection list.
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Example:

{inv[1..3] } inverter { i1, [1..2].0, [2..3].i, 03 };

where iverter was defined as

network irverter (terminal i, 0)

{

}

The next subsections describe the instance definition parts that can occur.

3.4.1.1 tansistor definition
A transistor definition contains three arguments.

type

attributes

connection

Examples:

specifiesthe type of the transistoiThe following three types can be
chosen:

1. nenh
2. penh
3. ndep

Thesecond ajument is optional and specifies the attribute values of the
device. A transistor can ka wo dtributes for specifying the length and
width of a transistor If omitted the dedult values for length and width of
the transistor are 4 micron fsis.

Thehird argument consists of three or a multiple of three node references,
depending on the structure of the instance. The sequence of the nodes is
important as far as the gate node is concerridee gate node must be
specified as the first node, while the sequence of the source node and drain
node is arbitrary.

nenh w=6u I1=8u (g1, d1, sl);
{nl}penhw=6u l=8u (g1, d1, sl);
{ni[1..2] } nenh (g1, d1, s1, g2, d2, s2);
{np[1..2] } ndep {91, g2, d1, d2, s1, s2};
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3.4.1.2 functiordefinition

A function definition calls a netwk element that reads its inputs and produces logical
states at its output(s)Gate-level functions like rands and nors arevalable as lilt-in
functions while othermore compl& functions (e.g. adders, multipl#s and roms) can
be specified by the user (see [7]).

A function definition contains four arguments:
specifier Afunction specifier which consists of the character "@".

type Thetype of the function element. The following function types are
available as built-in functions:

invert
nand
nor
and
or
exor

ogkwhpE

attributes Theattributes tr and tf are optional and specify the rise time alhdirhe
of the output(s) when the logic state of one of the inputs chamgfault
tr=0 and tf=0.

connection  Specifiethe connection of the function inputs and outputs to thearktw
nodes. Theonnection list of addlt-in function may contain an arbitrary
number of input nodes Xeept for function "imert" which may contain
only one input node) and one output nodee order is first the input
nodes and then the output node.

When two or more function outputs are connected to the same network node and not all
outputs force the same state, the X state will result.

Examples:

@ nand (a, b, ¢, d, e, out);
{nands[1..2] } @ nand (a, b, outl, c, d, out2);
@ ror tr=10n tf=5n (a, b, c, d, out);

3.4.1.3 esistor definition

The resistor definition is specified by theykord res, the resistance value in Ohm and
two node references. The resistanedue may be a floating point number and mayeha
a nultiplication factor denoted by a letter as described in section 1.
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Example:

res 2k (a, out);

3.4.1.4 capacitodefinition

The capacitor definition is specified by trekord cap, a @apacitance value indfad and

two node references. The capacitance value may be a floating point number with a
multiplication factor.

Example:

cap 8.6f (12, a);

3.4.1.5 calldefinition
A network call defines the instance of a subretyv Thesequence of the connection list
is the same as the sequence of the terminal declaration of the called network.

Example:

when network subntw was defined as

network subntw (terminal in[1..2], out, vdd, vss)

{
}
the instance

subntw (a, b, ¢, vdd, vss);

will connect a to in[1], b to in[2], ¢ to out, vdd to vdd, and vss to vss.

3.4.2 netstatement

The net statement \g@s the opportunity to coalesce, cluster and define nodéss
statement is especially oamient if the network description is extracted from a layout
description. Ima layout description terminals often represent the same electrical node and
it would be tedious to specify a stimulus for each of these terminals.

coalesce Normalhall specified terminals between curly bratkare coalesced to
one electrical node.
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cluster Alist of parenthesized lists of terminals means that the the terminals
between the parenthesis will be coalesced element wise. The number of
elements in all parenthesized lists must be equal!

define Ifa terminal in the list between curly brak is not defined it will be
defined and can function as local node.

Examples:

net { a[1..8], b, c}; /* connectto one */
net{ (a[l1..4]), (b, c, d, e) }; /* connect element wise */
net { (a[1..4]) }; /* define local array */

3.5 External Network Declaration

TABLE 5. Syntax of an extern network declaration.
extern_netvork_decl  =exern network identifiedecl_part.

Apart from one or more netwk descriptions, a network file may also contain one or
more external netark declarations. An external network declaration begins with the
keywords extern and networkfollowed by the name of the netvk, and followed by a
declaration part similar to the declaration part of a network description. x#ennal
network declaration is used to specify a sequence for the terminals afrketthat are

not described in the network file in which yhare used as instance. This sequence is
then used to connect the terminals of each instance of the sobnetdn external
network declaration may for example be useful when describingonk$wthat contain
subnetvarks that are generated by an extraction program. The extraction program will
generate the terminals in an arbitrarily order and in order to appropriately connect these
terminals, an external network declaration of the subortshould be added to each file

in which the subnetwork is used as an instance.

Example:

extern network subntw (terminal in[1..2], out, vdd, vss)

network totalntw (terminal x[1..2], vdd, vss)

{

subntw (a, b, ¢, vdd, vss);
}
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3.6 Global Nets

A net (node) may be defined a "global net" by specifying it in a file called 'global_nets’.
This file may optionally be present in the current project directgrgtberwise, in the
corresponding process directoryhe file 'global_nets’ is read by the prograsis,and

for each network that is added to the databeslstakes care that at least terminals are
present that hee a mme equal to the names of all global nets that are specified in the file
'global_nets’. Furthercslsconnects all terminals and nets thatdha sme name that is

a dobal net name. Names of global nets may ngela aray form.

The Nelsis IC Design System



Sls Users Manual

15

3.7 Examples
3.7.1 latt example

A latch is a tw phase clocked register element. Figure 2 shows the transistor diagram
and the network description of the latch circulthe circuit consists of threeverter
stages. Wo o these stages are connected as a flipflop by phithé input signal is
clocked by phil, whereas the output stage is clocked by phi2_r.

phi2_|
vdd
] 7
phil T phi2_r
in_,J—_V 6 H 9 ’J—_\i
% vsb

network latch (terminal vdd, vss, phil, phi2, out, in)

{
net {phi2, phi2_r, phi2_l}; /* equivalent nodes */
nenh w=8u I=4u (9, VSS, 7);
nenh w=8u I=4u (10, VSS, out);
nenh w=8u I=4u (6, VSS, 9);
nenh w=8u I=4u (phi1, in, 6);
nenh w=8u I=4u (phi2_1, 6, 7);
nenh w=8u I=4u (phi2_r, 9, 10);
ndep w=6u |=18u (out, out, vdd);
ndep w=6u |=18u (9, vdd, 9);
ndep w=6u |=18u (7, 7, vdd);

out

Figure 2. Transistor diagram and network description of the latch circuit.

Note that the tw terminals phi2_| and phi2_r are coalesced to one terminal named phi2
in the net declaration, for these terminals represented the same electrical node.
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3.7.2 hiearchical latch example

The hierarchical network description of the latch issg@n Figure 3. The latch consists

of three iwerter networks connected by pass transistdnside each werter netvork

you will find terminals that hee equal names. These terminals represent feed-throughs
in the irverter and are electrically egyaent.

vdd
| phi2_| | |
vdd vdd vdd
o] [ - o] [ o] i
6 7
hil . . hi2_r .
P Invert o Invert o phis_ Invert o— out
| 9 |
in_,—\_ i i i i _,—|_ i i
9 10
VSS VSS VSS
VSS

network invert (terminal i, 0, vdd, gnd)
{

nenh w=8u |=4u (i, o, gnd);

ndep w=6u |=18u (o, vdd, o)
}
network latch (terminal vdd, vss, phil, phi2, out, in)
{

net {phi2, phi2_r, phi2_l}; /* equivalent nodes */

{inv[1..3]} invert (6, 9, vdd, VSSs,

9, 7, vdd, vss,
10, out, vdd, vss);

nenh w=8u I=4u (phil, in, 6);

nenh w=8u I=4u (phi2_1, 6, 7);

nenh w=8u |I=4u (phi2_r, 9, 10);
}

Figure 3. Hierarchical description of the latch circuit.
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3.7.3 latt with nand example

The previous latchx@ample only contained transistors. Besides transistors, resistors and
capacitors it is also possible to use function elements (ands, ors, nands, naEgnd e

the network description.In the following example the network vierter of the
hierarchical latch circuit has been changed. The n-enhancement and depletion transistor
have been substituted by a nand gate with one infute total network description is

now.

network invert (terminal i, 0)

{
@ rand tr=5n tf=3n @, 0);
}
network latch (terminal vdd, vss, phil, phi2, out, in)
{
net {phi2, phi2_r, phi2_l}; /* equivalent nodes */
{inv[1..3]} invert (6, 9,
9, 7,
10, out);
nenh w=8u I=4u (phi1, in, 6);
nenh w=8u I=4u (phi2_1, 6, 7);
nenh w=8u I=4u (phi2_r, 9, 10);
}

The last node name of the nand statemergsghe output of the nand. In thisxample

there is only one input node for the nand, so only one node precedes the output node.
However, it is possible to use an arbitrarily number of input nodes for a funcionthe

nand a rise time of 5 nsec. and a fall time of 3 nseee been specified.
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3.7.4 shifexample
Figure 4 shows the transistor diagram and the network description of a circuit which we

will call shift.
54:» !

Figure 4. Transistor diagram and network description of the shift circuit.

vdd

VSS

network shift (terminal vdd, vss, phil, phi2, in, out)

{
nenh w=6u I=4u (in, VSS, 1);
ndep w=6u I=10u (1, 1, vdd);
nenh w=8u 1=4u (phi1, 1, 2);
cap 400f (2, VSS);
nenh w=8u 1=4u (phi2, 2, 3);
nenh w=6u I=4u (3, VSS, 4y;
nenh w=6u I=4u (vdd, 4, vdd);
res 20k (4, out);
cap 150f (out, vss);

}

In the shift circuit, the iwerted input signal is clodd by phil onto a large storage
capacitance. Whephil becomes lo and phi2 becomes high, the storage capacitance
shares its charge with the gate capacitance of the sec@nigirstage. Because thatg
capacitance is geral times smaller then the storage capacitance,ateewill obtain the

same state as the storage capacitance. The seceerterinstage consists of tw
enhancement transistors with the upper transistor being saturated and acting as load for
the lower transistor The resistor and capacitor on the output represent interconnection
resistance and capacitance.
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3.7.5 flipflopexample

Figure 5 shws the transistor diagram and the network description of a flipflop cidcuit.

this circuit the tvo nand circuit stages are cross coupled together by attaching the output
of one nand to an input of the other.

vdd

out[1] out[2]

VSS
network flipflop (terminal vdd, vss, in[1..2],
out[1..2])
{
nenh w=6u I=4u  (in[1], vss, 1);
nenh w=6u I=4u  (out[1], 2, out[2]);
nenh w=6u I=4u  (in[2], vss, 2);
nenh w=6u I=4u  (out[2], 1, out[1]);
ndep w=6u I=20u (out[1], out[1], vdd);
ndep w=6u I=20u (out[2], out[2], vdd);
cap 100f (out[1], gnd);
cap 150f (out[2], gnd);
}

Figure5. Transistor diagram and network description of the flipflop circuit.
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4, SSMULATION AND SIMULATION COMMANDS
4.1 Simulation Control Commands

The simulation control commands must reside in a separate file (the commanthiite).
file contains the signal descriptions of the network inputs and the commands which
specify options and output format.

TABLE 6. Syntax of the simulation control part.

sim_cmd_list

ssim_cmd (";" [newline)
{sim_cmd (";" [newline) }.

sim_cmd =set_cmd | fil_cmd | def_cmd | print_cmd | plot_cmd
| dump_cmd | initialize_cmd | dissip_cmd | option_crachpty
set_cmd ssetnode_refs "=" signal_exp
| setnode_refs ":" node_refsom string
signal_ep =value_exp { value_exp }.
vaue_&p =value [ "*" duration ].
value =h|I'|x|f]"(" signal_exp ")".
duration Sinteger | "™
fill_cmd =fill full_node_refwith fill_vals.
fill_vals =fill_val { fill_val }.
fill_val =string | integer | f_float
def cmd =definenode_refs ":'ldentifierdef_minterms.
def_minterms  =ef_minterm { def_minterm }.
def_minterm =def_in_val { def_in_val } ":" def_out_val.
def_in_\al =h|l]x]-.
def out \al =integer | identifier| $identifier.
print_cmd =print node_refs.
plot_cmd =plot node_refs.
dump_cmd =dump at intger.
initialize_cmd  =initialize from string
dissip_cmd =dissipation[ node_refs ].
option_cmd =optionoption { option }.
option =simperiod'=" integer

| sigoffset'=" integer
| sigunit"=" f_float

| outunit"=" power_ten
| outacc "=" power_ten
| level "=" integer

| process'=" string

| tdevmin"="f_float

| tdevmax'="f_float

| step "=" ( on| off)

| print races "=" ( on| off)
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| maxldeptH'=" integer

| only change$=" ( on| off)

| disperiod"=" integer

| print devices'=" ( on| off)

| print statistics'=" ( on| off)

| maxpagewidth "=" integer

|vh"="1{ float

| vminh"=" f_float

| vmax!"=" f_float

| initialize random"=" ( on| off)

| initialize full random "=" ( on| off)

| sta_file "=" (‘on| off).
node_refs mode_ref_item { node_ref_item }.
node_ref_item  Hull_node_ref|",".

full_node_ref H"I"]{inst_name "." } node_ref.

inst_name Fdentifier[ "[" index_list "]" ].
node_ref dntege | identifier[ "[" index_list "]" ].
index_list =index{"," index}.

index = integer | range.

range Sinteger ".." integer.

Simulation commands are separated by a newline character or by $o"(inlike with

the network description language, avliee character can not be used here as an ordinary
separator between symboldowever, a rewline can be escaped as a command separator
by preceding it with a "\".

For an eplanation of the non-literal terminals (gagwer_tenf float etc.) thereader is
referred to the table "lexical constructions” in the network syntax description part in this
manual

Examples of node references (node_refs) in the commandfile are

cin 4, counterl.latch_a.112
total.submod[0..7,3].in[4..1]

with counterl, latch_a, total and submod[0..7,3] being instance names.

The explanation to the simulation commands &min the next paragraphs.

4.1.1 setommand

The set command describes the pulse signals that are applied to tbeknewnode

with a signal attached is by definition an input node. (In principle each node in the
network, including non-terminal nodes, may be used as an input node). The signal
expression that describes the signal in the set command consists of a sequehge of v
expressions. Avaue expression specifies a logiovde(i.e. | = 0, h =1 and x =
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undefined), the absence of a forced signalf(rdree state) or a nested signgbeession
(between curly brackets), all with an optional duration. The duration specifiesaiy
times the value expression is added to the preceding &pressions. Bybsence of the
duration the default 1 is assumed. Tladuesl, h, x or f are pulse functions with width is
1. Sofor the following set command:

set nodel = *2 h*”

the process of generation is shown in Figure 6.

| -

*2 |

]

h*~

2 b+ |

0 2 4 6 8 10 12 14 16 18 20 22 24

—
time

Figure6. Construction of an input signal.

A tilde (") expresses infinite duration. When no infinite duration is specified in the signal
expression, after the duration of the signal expression the signal value of the node
remains its last value.

Note that it is possible to initialize a node in the high state by
set nodel = h*1 f*~

The other vay to apply a signal to a node is by using a signal description present in a .res
file (which can be the output of a previous simulation) Then the first group of nodes is
followed by another group of nodes and a file specificafidre second group of nodes

must be nodes which were printed when the .res file denotettibg (which is the file

name without the extension ".res") was madé&e number of nodes in the first group

must be equal to the number of nodes in the second group because the node to node
assignment is done in pairfor example, to set the signal descriptions of nodes in[1..8]
equal to the simulation results of nodes out[1..8] which are in file "counter.res™:

set in[1..8] : out[1..8] from "counter"

The Nelsis IC Design System



Sls Users Manual 23

4.1.2 fillcommand

With this command, state variables of function blocks can be initialiZedslect a
particular state variable, theanvable must be preceded by the (possibly hierarchical)
instance name of the function blockhe type of the variable must correspond to the type
of the value that is assigned to it, with theamtion that a string is used to specify one
or more character values.

Example:

fill ram1l.mem|2..3, 0..3] with'OIOI" "OOII"

4.1.3 defineommand

With this command, one can defineveutput values for the network based on certain
combinations of normal nodeales. Br example, one may define thalue of a state
variable based on thealues of a set of nodes, or one may translate the valuesuofieeb
of nodes into an integemlue. Afterthe keyword "define", first the nodes are specified
that are used to determine the value of the wariable that is defined. Then, after a
colon, the name of the wevariable is specifiedNext, an arbitrary number of minterms
is defined. Each minterm consists of a humber of natlees (h, |, x or - for dohcare)
equal to the number of input nodes, folemd by a colon and followed by the
corresponding value for the wevariable. Theoutput \alue may be an inger, an
identifier or a kyword starting with a "$". The simulator recognizes the foifg
keywords starting with a "$":

$bin  printbinair representation.

$dec printdecimal representation.
$oct printoctal representation.

$hex print hexadecimal representation.

$sbin, $sdec, $soct, $shex
idem, use left-most value as sign bit.

$thin, $tdec, $toct, $thex
idem, assume two-complements representation.

During simulation, the simulator trerses the list of minterms, starting with the first
minterm, to find a matching input combination. If it finds a matching input combination,
the output value of that minterm is used. If no matching combination of input values is
found, an X output value is used. The output values of thevaeables can be printed

out by referring to them in a print command (see below).
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Examples:

define a_1 a 2 inputstate \
- h : disabled \
[ 1 : nothing \
h | : push

define in[1..8] : count8 \
———————— : $dec

4.1.4 printcommand

The print command specifies nodes that must be printed out. The sequence of the nodes
printed out is the same as specified in the print command. When a comma is specified in
the print command, an empty column is printed on that place in the output. When an "!"
sign is used before a node specification, therge value will be printed for that node.

The output will be printed in a file named to the network and tagged withxtiessn

".out". If the network name is longer than ten characters it will be truncated to ten
characters.

Examples:

print in[3..0], out[7..0], 'notcarry,
print inv.i inv.o

The last print command will print node "i* and node "o" of the sub-cell with instance
name "iv". Apartfrom ary network node, also the value of a user-defined variable may
be printed.

4.1.5 plotcommand

For nodes that are specified in the plot command, a description of their approximating
voltage wavdorms will be stored in the filenetworkplt”. To visualize these altage
waveforms, an appropriate post-processor is required (Ipsig or simeye).

Example:

plot cout sout inv1l.in

4.1.6 dumgommand

With the dump command, the state of a network can be dumpeg aiman Together

with the initialize command this allows next simulations to start from that particular
point. Thiscan be covenient for kample when seral simulations hee o be dne for a
circuit in which first a large number of registers has to be filled by means of shift
operations. Théle in which the state will be dumped will be called "dutnpe’, where
timeis the simulation time at which the dump is dolriring one simulation more than

The Nelsis IC Design System



Sls Users Manual 25

one dump may bexecuted.
Example:

dump at 200

4.1.7 initializecommand

The initialize command specifies a network state file that is used to initialize therlnetw
state at the lggnning of the simulation. The network state file musteheeen obtained
by using the dump command during a previous simulation.

Example:

initialize from "dump.200"

4.1.8 dissipatiocommand

The dissipation command allows the user to obtain estimated values for the dynamic
dissipation in the circuit. The information provided is ondfiah for networks that are
described at the transistorvée For the (netwrk input) nodes that arevgh as &
argument to the dissipation command, the dynamic dissipation in Watts will printed in a
file calledcell.dis. Thetotal dissipation for the netwk can also be found therdy

using the option disperiod, it is possible to obtain\anage dissipation for dérent time
intervals.

4.1.9 optiorcommand

4.1.9.1 simperiod

Specifies the end time (expressed in sigunit) of the simulation timeahtérkestart of
the simulation is alays at t = 0. When simperiod is not specified, the simulation will
stop when the network has stabilized after the last input change.

(default simperiod = endless)

4.1.9.2 sigdbet

Specifies the ddet that is used for the signal specifications in the set command. That is,
each signal specification f(t) in the set command will be used as f(ts&odluring
simulation.

(default sigoffset = 0)

4.1.9.3 sigunit
Specifies (in seconds) the unit of signal duration in the set command, and the unit of each
other variable that denotes a time (e.g. the urstroperiod.
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(default sigunit = 1)

4.1.9.4 outunit
Specifies the unit of time that will be used in the simulation output.

(default outunit spower _terthat is closest to sigunit)

4.1.9.5 outacc
Specifies the unit of the least significant decimal of the time in the simulation olitput.
must hold that outacc <= outunit.

(default outacc = outunit)

4.1.9.6 lwel
Specifies the leel of simulation. Thereare three simulationvels :

level 1

The simulator uses abstractions for transistors and nodes to determine logicTiates.
conduction of n-enhancement and p-enhancement type transistonsys abnsidered

then to be equal and much larger than the conduction of depletion transistors, and the
capacitances of all nodes are considered to be eg4ualgic O or | state is only assigned
when the conducting path to an O or | state input has a much larger conduction than the
paths to other input nodes, or - with dmaisharing - only when all nodesveahe same

logic state. In other situations the X state is assigned.

level 2

With level 2, logic state determination is based on the actual parameters of transistors (i.e.
width and length) and interconnections (i.e. resistances and capacitances). In this way the
simulator is able to find the right states for circuits wheregehaharing effects occur
between nodes with different capacitances and different states, and for circuits that
exploit a high-impedance/low-impedance resistance division effect between transistors of
the same type. In addition to the lattatr leve 2 the simulator will also account for the

fact that n and p-enhancement transistors may be saturated. During simulati@h2t le

first for each node an analogue voltage is determined by means gé daring or
resistance division, and next a logic state isvedrby means of a minimum voltage for

the high state (vminh) and a maximuroltage for the Il state (vmaxl). When a
simulation is done atVel 2, dimensions of transistors must be present in the network and
process information is used.

level 3

The simulator can also be used to simulate the timing of aorlketwBasedon the
parameters of the transistors and the interconnections, also the delay times for the logic

The Nelsis IC Design System



Sls Users Manual 27

state transitions are determined thefo find the delay times, the simulator uses
approximating piece-wise-linear voltageawedorms that are found by performing RC
constant calculations. At the start of a simulation @l 18, first a steady state of the
network is determined according tove 2. To dmulate with timing, transistor
dimensions must be present in the network file and process information is used. Only at
level 3 the rise and fall delays of the function elements (nands, nors etc.) eneitiai
account.

(default level = 1)

4.1.9.7 pocess

Specifies the process file that contains the process information (e.g. transistor model
capacitances and resistances) which is used when simulation is doret 2ble3. First

the working directory is searched for this file. When it is not found there, the process
library directory is searchedin slsmod(4ICD)and [9] the syntax and semantics of a
process file is described.

(default process = "slsmod")

4.1.9.8 tdemin,tdevmax

By specifying minimum and maximum timing\dations it is possible to do a min-max
delay simulation at el 3. The delays of the logic state transitions are multiplied by
tdevmin and by tdemax, to obtain a min-delay and a max-delay for each logic state
transition. Br example, when a node normally changes from O to | after 10 ns., a
tdevmin = 0.6 and a tdenax = 1.3 causes that the node will change from the O to the X
state after 6 ns., and to the | state after 13Imghis way it is possible to determinevho

the final logical state of the simulated netk depends on timing deviations due to
parameter variations or model accyrdsee also the flipflopxample at the end of this
chapter). Notestrictly speaking tdevmin and tdevmax speed up ang dlmwvn the
minimum and maximum voltageawvdorms that are being used by the simulatod
delay times are affected only indirectly.

(default tdevmin = 1, tdevmax = 1)

4.1.9.9 step

When step is on, the values of nodes that are specified by the print command, are printed
immediately after a change has occurred in the value of one of these nodes. kythis w
the simulation of the network can be dghed by observing all logic state transitions
occurring on the printed nodes. It must be realized here tleat dering simulation
without timing (i.e. at leel 1 or 2), the simulator alays performs sequential simulation
steps to update logic stated/hen step is off, the values of the output nodes are printed
only after each nve stabilization of the printed nodes at a particular time.
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(default step = off)

4.1.9.10 printaces

When feedback loops are in the netkw/(e.qg. flipflops), there sometimes may occur zero-
delay oscillations during the simulation because of undecided ratessimulator will
automatically put the rekant nodes in the undefined state. Print races is on will cause
the simulator to ge a Ist at the end of the simulation output, which shows where and
when these races appeared.

(default print races = on)

4.1.9.11 maxldepth

With the maximum logic depth of the network (maxldepth), the simulator decides when
an oscillation because of undecided races is occurring (see @pimdrracey. When
maxldepth is specified too small the simulator will put nodes in the undefined state which
shouldnt, and when it is much too e it will cause unnecessary long simulation times
when oscillations occurHoweve, the simulator detects that the maximum logic depth is
always less than the number of nodes in the circuit.

(default maxldepth = 100)

4.1.9.12 onlychanges
By using only changes is on, in the output file only the logical values thatdanged

will be printed. For an autput signal which didii’change a "." will be printed. In this
way it will be more easy to trace changing signals.

(default only changes = off)

4.1.9.13 disperiod
Specifies the length of the time intervalgpgessed in sigunit) for which thevesage
dissipation is printed (see the dissipation command).

(default disperiod = simperiod)

4.1.9.14 prindevices

Usually the only extra information that isvgn in the simulation output is the number of
nodes in the netark. Whenprint devices is on also the numbers of the different kinds of
devices (transistors, resistors and functions) are printed in the output file.

(default print devices = off)
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4.1.9.15 printstatistics
When this option is on, simulation statisticelike number of simulation time points and
the number of logicvents will be printed.

(default print statistics = off)

4.1.9.16 maxpgewidth

Specifies the number of characters on a line in the output Hewever, when
maxpageidth >= 80 and all printed nodes will still fit on one line of 80 characters, the
number of characters on a line in the output file will be 80.

(default maxpagewidth = 132)

4.1.9.17 vh,vminh,vmaxl

Simulation with leel 2 or 3 requires a minimum stablelage (vminh) for the | state, a
maximum stable voltage (vmaxl) for the O state, andleage vh for input nodes with

the | state (vl - for input nodes with the O state - is assumed to veagsal Whena

stable voltage of a node is calculated to be between vmaxl and vminh, an X state will be
assigned to the node. Usually the variables vh, vminh and vmax| are read from the
process file. But it is also possible teeowrite these values by specifying them in the
command file.Enlaiging vmax! for example, causes that nodes will be set to the O state
instead of the X state more often. It must hold that vmax| < vh/2 < vminh.

(default vh, vminh, vmaxI are read from the process file)

4.1.9.18 initializg(full) random

Normally, when simulating circuits with flipflops or memory cells that do noelaeset
input, some nodes in the circuit will remain uninitialized or When using the option
"initialize random", the simulator will randomly set these nodes at O brefault, this
initialization will be the same for different simulation runs of the same arktw
However, when using the option "initialize full random", the result will be different for
each different simulation run. In general, the \abaptions allav one to reach some
valid initial state at the l@nning of a simulation, without first loading a stateranany
clock cycles.

(default, initialize random = band initialize full random = off)

4.1.9.19 sta_file

Read additional commands from the filedl.sta if it ists. Typically, this option is used

to read in stateariable definitions and print commands that are generated by an auxiliary
program.

(default, sta_file = off)
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4.2 Examples

4.2.1 lath example
The simulation control file of the latch circuit is as follows:
/* latch simulation commands */
setin = (h*4 1*4)*2
set phil = (h*1 [*1)*”
set phi2 = (I*1 h*1)*”
set vdd = h*
set vss = |*
option simperiod = 10
print vdd vss phil phi2 in out

The set commands result in the following input pulse sequences:

0o [ 1
phit [ LT LT LT
phiz | L LT LU

0 2 4 6 8 10 12 14 16 18 20 22 24

—_—

time

The signals vdd and vssJea onstant value during the simulation. The simulation
period is specified by optiimperiod

The node slues of vdd, vss, phil, phi2, in, out will printed in the file "latch.out" as
follows:
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SLS
version: 3.0
SIMULATION RESULTS

time | vvppio
inle+00sec|dshhnu
|dsii t
| 12
010101«
11100111
21101011
31100111
41101001
51100100
6101000
71100100
8]101010
91100111
101101011
network : latch nodes : 10

Remark that for the hierarchical latch example node "out" could aleotean referred
to by "inv[3].0".
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4.2.2 shifexample
The following command file has been used to simulate the shift circuit:

set vss | *

set vdd h*~

set phil = (h*200 [*200)*2
set phi2 = (1*200 h*200)*2
setin = | *400 h*400
set 3 = | *¥1f
option sigunit = 1n

option outacc = 10p
option level =3
print phil phi2 in, 2 3 out

Because a high-impedance/low-impedance resistance division effect betwean tw
enhancement transistors (a saturated one and a and a non-saturated one) is exploited, and
because charge sharing is used to force the state of a node wgh edpacitance to the

state of a node with a small capacitance, the shift circuit has to be simulatedvéith le

or 3. To illustrate timing simulation, iesl 3 has been chosen heré/e haveto choose a

proper input unit and output accuyawmith the optionssigunitandoutaccin order to see

the delays in the simulation output. Node 3 is initialized in thestate in this command

file.

The output file "shift.out" will be as follows:

SLS
version: 3.0
SIMULATION RESULTS

time | ppi 230
inle-09sec|hhn u
| i t
| 12
0.00]100 101
200.00|010 101
200.14]010 111
205.68|010 110
400.00|101 110
407.85|101 010
600.00|011 010
600.07|011 000
607.07]011 001
network : shift nodes : 10
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4.2.3 flipflopexamplel
With the flipflop circuit a race condition is possible. When in[1] and in[2] both change
state from O to | simultaneouslhe voltage of both out[1] and out[2] will staglliing.
The transistors with theirage connected to out[1] and out[2] will start to turn off, and the
falling of the voltages of out[1] and out[2] will stop. In practiceMaser a race condition
exists because the voltage of one output will fall somewhat faster than the voltage of the
other output, and the flipflop will be den in a gable state where the fastest outputve lo
and the other output is high. The flipflop circuit is first simulated without timirige
following command file is used:
set vss = [¥7
set vdd = h*”
set in[1..2]
option sigunit = 1n
option outacc
option level
option step
printin[1..2], out[1..2]

| *100 h*100

10p
2
on

The output file "flipflop.out” will be as follows:

SLS
version: 3.0
SIMULATION RESULTS

time | ii oo
in le-09 sec|nn uu
| * ok tt
|12
| * * 1 2
| * *
0.00|00 X X
0.00|00 11
100.00|11 11
100.00|11 00
100.00|11 11
100.00|11 00
100.00|11 11
100.00|11 00
100.00|11 11
100.00|11 X X

races occurred during simulation :
time nodes
100.00 out[1] out[2]

network : flipflop nodes : 7

Because optiostepis onhas been used in the command file, we see that the state of each
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node is printed after each simulation step. Because simulation is done without timing,
out[1] and out[2] will change state to O at t = 100 simultaneoutg transistors will be
turned of then, node out[1] and out[2] will become laag, and the circuit will start
oscillating because of this undecided ragdter a number of simulations steps equal to
the logic depth of the circuit (which the simulator assumes to be equal to the number of
nodes in the circuit) has occurred at t = 100, the simulator automaticly puts the oscillating
nodes in the X state.

4.2.4 flipflopexample2
A second simulation of the flipflop circuit is done with timing. The command file is as
follows:

set vss = [¥7

set vdd = h*”

set in[1..2]

option sigunit = 1n
option outacc
option level

option step
printin[1..2], out[1..2]

| *100 h*100

10p
3
on

The output file "flipflop.out” will be as follows:

SLS
version: 3.0
SIMULATION RESULTS

time | ii oo
in 1e-09sec|nn uu
| * ok tt
| 12
| ** 12
| * *
0.00|00 X X
0.00|00 11
100.0011 11
1085311 01
network : flipflop nodes : 7

Because nw capacitances are used to find delay times for the logic state transitions, and
the capacitance of node out[1] is less than the capacitance of node out[2], node out[1]
will 'win the race’ and become O.
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4.2.5 flipflopexample3

Finally a min-max delay simulation of the flipflop circuit is doriehe min-max delay

has been specified by means oWtda and tdemax. Nodeout[1] will now change from

| to O via the X state.During the interval that out[1] is X, out[2] also becomes X, and the

X state will result as the stable state for out[1] and out]B].this way the simulator
indicates that the final logic states depend on the timing, and that wrong logic states can
result when circuit parametersvea) percent deviations.

The following command file was used for simulation:

set vss = ¥

set vdd = h*”

set in[1..2] = | *100 h*100
option sigunit = 1n

option outacc = 10p

option level =3

option tdevmin = 0.5 tdevmax = 2
option step = on

print in[1..2], out[1..2]

The output file "flipflop.out” will be as follows:

SLS
version: 3.0
SIMULATION RESULTS

time | ii oo
inle-09sec|nn uu
| * % t t
| 12
[ ** 12
| * *
0.00]00 X X
0.00|00 11
100.00]11 11
1042611 x 1
104.75]11 X X
network : flipflop nodes : 7
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4.2.6 andom counter example

This example shows the approximating (min-maajtage vavdorms as used during
timing simulation. The approximating voltagevdorms can be inspected by using the
plot command, and by running the prograimeyeor the progranipsig afterwards. The
pictures as shown in this sectiorvbdeen obtained by running the progrépsig.

The circuit "rand_cnt" is an 8 bit random counter which uses a two-phase clock phil and
phi2 and which generates an 8 bit random number at the outputs ouf[le7¢ommand
file that has been used for the first simulation is as follows:

set in[0..7] = h*

set vss_rl vss_r3 = I~

set vdd_r3 vdd_r2 vdd_rl = h*

set phil_r = (h*1 I*1)*~
set phi2_r = (1 h*1)*~
set p_ld_r = h*1 ¥

set run_r = | *1 h*
option simperiod = 32

option sigunit = 100n

option outunit = 1n

option outacc = 10p

option level =3
plot phil_r phi2_r out[0..7] fb_in

The output for this simulation is shown below:

i U A IR Y I A O

i i

R o I B D e

N I Y r

R i I B A W [/
1L LS

out[0] T /—| /—\
/ / L/ ] [

phi2_r

Juyuguyuuyyuyl
gl RN NRERER R ipipipupupEpnpint

O IS I I I A O S P S A A N O e AP
\ \ \ \ \ \ \

0 500e-9 1000e-9 1500e-9 2000e-9 2500e-9 3000e-9

Notice the slopes on the signals out[0..7] and theespdn fb_in. Fb_in is a feedback
signal which is being constructed from the signals out[0..7] to generate the next number.
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Next we add the line
option tdevmin = 0.7 tdevmax=1.5
to the command file in order to perform a min-max delay simulation. The resuls sho

that nav, during signal transitions, the minimum and maximum voltagederm do no
longer coincide. Also, at fb_in more spikes become visible.

OV T ]

R I I I A W

O L ] r
T T 1 T
I Y g
g I /1
® T .
N A /LT

gsdiiiiniinEnnhhnin
gl RN NREpER R ipipipipupupapnpint

N S A I I A S I S O S A I N O e A
\ \ \ \ \ \ \

0 500e-9 1000e-9 1500e-9 2000e-9 2500e-9 3000e-9

This way we are able to study the influence of parameigations and model accusac
on the simulation results and we foraenple see that spikes are possible on fb_in at the
end of each posite pulse of phil.
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When we increase the uncertainty in the delay times and use

option tdevmin = 0.3tdevmax=1.9

the result will be as follows:
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Notice that na the timing deviations e become too large and that the X state results
at all the output nodes. In fact, the simulatorvehdahat when timing deviations may
occur that are within the boundaries as specified by tdevmin avidagehe circuit will
most likely not be working correctly.
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5. TROUBLESHOOTING

In this chapter some suggestions aneemito lve troubles which may occur during

simulation.
Trouble

syntax error

no signal delay

simulation nger stops

races occurred

wrong output glues

Pssible cause

The statement or command did not ylige corresponding
syntax description as\gn in this manual.

You didn’t use simulation hesl 3.
The output accurgqoption outacc) is too large.

You used a repenie input signal and didb’specify a
simulation end time (option simperiod).

To find the cause of races: use option step = on and print all
nodes for which a race occurreldor more information, see
the flip flop simulation example and thep&nation to the
option print races.

A (inappropriate) warning about the occurrence of races
may also be gen if the real logic depth of the circuit is
more than thealue of maxidepth. In that case, enlarge the
value of maxidepth.

Yu didnt set all supply nodes (e.g. vdd and gnd) in the h
or | state.

You did forget to connect nodes by means of a net
statement.

For the circuit simulated right logic states can only be
simulated at heel 2 or 3.

Some transistors kia a wong length or width.

If you cant find it: recursrely print the gate nodes of the
transistors that makup the wrong signal and/or use option
step = on.

Finally: when you use analog circuitsdileense amplifiers

it might be possible that the simulator is not capable of
determining the right logic states. In that case a solution is
to replace those circuit parts by gateclelescriptions.
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