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ith the mtroduction of simplified MOS design
techmigues by Mead and Conway {1980} we have
seen a proliferation of custom LSI systems de-
stgned by non-spe

alists, For most people, however, V151
design 15 sull the whimate “batch job"” —a very complex
system must be designed, hand debugged and fabricated be-
fore it can be wned our, by which tme no correctiions can be
made, Il we are w realize the full potential of custom VIS,
we cannot spend the tume, patience, and personnel o hand-
verify designs and iterate through several prototypes, as cur-
rently done in indus

ry. Fortunately, well-designed sim-
ulation tools can eliminate much of this tediom, and greatly
increase the chances of Dirs-lime success.

Tradivionally, MOS designers have been lorced o use
cither logic-gate simulators or circuit simulators such as
SPICE (Nagel 1975). Neither choice works well. Logic-gate
simulators are based on the Boolean gate model in which a
network consists of a set of unidirecuonal logic gates con-
nected by one-way, memoryless wires, This does not reflect
the mature of MOS designs, which contain bidirectional
logic elements  {(licld-elfect  transistors) and - badrectional
wires with sullicient capacitance (including the attached
gate capacilances) o store signals dynamically. Numerous
ad foc extensions, such as high impedance states and uni-
directional models of pass transistors, have been added o
logic gate simulators, but they fail w correct the funda-
mental mismatch between the logie model and the logic
technology, Alternatively, circuit simulators can accurately
model any logic design, but do so with such grean detail than
[!Il' Armoant (I[ l'l]'llll}l]"
nevded 1o set up the s
overwhelming,.

As an alternative o conventional logic and circuin simu-
lators, the simulator MOSSIM { Bryang 1980} was developed
specifically for the logical simulation of MOS LS1 MOSSIM
models a logic network as a set of nodes connected by FET

4

wom required and the human effon

mulation and interpren the resals are

switches'. This network maodel has the ollowing advan-
Lages

I. It 15 based on the actual stoructiure of the design rather

than on s intended [unction

2, Tt s wrmiversal, because MOSFE

inator for all MOS LSI designs,

Unlike circuir simulators, however, MOSSIM models the
network inoa highly idealized way, It unlizes only 3 logic
levels: 0,1, and X (for undefined or unknown ). The fourth

“high-impedance™ state seen in other simulators is not
because  MOSSIM  automanically
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needed, simulates  *'iri-
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state” devices as a consequence of its network model. Tran-
sistors are moddeled as pedect switches, and no atempt s
made 1o model the tming in great detail, These idealizations
allow the simulator 1w operate at speeds approaching those
of conventonal logic simulators, Entire VLS designs can
be simulated in an interactive environment. MOSSIM has
shown great expressive power in modeling many varieties of
MO designs directly.

We have also had grear success in extracting the switch-
level network directly [rom the mask lavout [iles described
in CIF (Mead and Conway 1980), using a program writlen
by Clark Baker (Baker 1980) (see article in this issue of
LAMBDA). Because the simulator needs only a simple
description of the network strocture, the exiraction program
can be relatvely straightorward, This combination of auto-
matic network extraction, followed by simulation, uncovers
many crrors in both the logic design and the layouwt. It has
the advantage of testing the design which will actually be
implemented, rather than the one the designer thinks will
he implemented. With the wide variety of human and par.
tally-debugeed computer systems currently producing lay-
outs, this double-check has proved invaluable, As computer-
ized toals become more sophisticated and layouts are pro-
duced “untouched by human hands™
become less crucial, However, a switch-level simulator could
still be integrated into the design system o aid the logic
design checking,

In the following sections

i I.'d'!.'l}l]l EXIFACLIn ]'l'l.i-l'!.'

an algorithm for a switch-level
simulator will be desenbed i sufficient detal w enable the
reader to implement it Programs will be presented in the
style used in Aho, Hoperolt and Ullman ( Aho, Hoperoft and
Ullman 1974). The algorithm described here corresponds wo
the most recent version of MOSSIM. This program can model
both raticed nMOS and CMOS designs which operate either
with a conservative clocking scheme or with speed-inde-
pendent logic. It runs reasonably [ast, because it prepro-
cesses the network extensive

and because 10 simulates parts
of the network with functiional models, Some possible ex-
tensions of the basic program will be discussed at the end.

Simulator Features
Network Model

In MOSSIM a logic network consists of a set of nodes con-

u{'m-ti by & set of ransistors. There are three IHu\ of nodes:

- It provides a strong signal 1o the cir
from off-chip (e.g., Vdd, Gnd, Phil, Phi2, et}

2. Pullup avached via a pullup resistor to Vad: will pro-

it







