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ABSTRACT - The accelerator is destined
to circuit-level simulation of digital and
analog/digital MOS VLSI'c containing of up
to 100 thousand transistors (with 16 Mb
RAM host-machine). The acceleratiorfactor
obtains of 3-4 order with respect to the
Spice-2 program on VAX-11/780. The basic
idea of the accelerator is to use real transistors
instead of their mathematical models. In
addition the accelerator concurrently uses 16-

processors and programmable

communications  between processors and
distributed memory, the waveform

relaxation =~ method and Spice-like input
language.

In most practical cases VLSligital circuits
time-domain verification is carriecut using
switch level timing simulation. Switch-level
verification and simulationboth have low
reliability, because they are based significant
simplification of the problemMany of the
essential featuresre not takemto account, for

for the multivariant circuit  simulation,
optimization, statistical analysisand for the
percent of parametrical defect determination.

A radical solution to these problems would be
to use a hardware accelerator. Theresaneeral
commercial implementation of specifardware
accelerators for VLSI circuitsimulation: the
SPICE ACCELERATOR system by Weitek
Corporation (has the acceleration factor 10-40 in
comparison with Spice-2 program on VAX-
11/780); the autonomisystem serie$or circuit
simulation SX-250, SX-1000 and SX-2500 by
Shiva MultisystenCorporation (a factor of 20 to
100); the accelerator project constructed by
Brunel University is assumed to increase the
simulation rate to 100times as much. The
accelerator project Awsim-2 [1] has the
accelerator factor to 50000, but it uses the greatly
simplified mathematicaimodels. It is assumed,
that VLSI circuit doesnot contain the float
capacitors, such as drain-gate capacitalls,of
MOS-transistor capacitors alieear, source and
drain resistances are neglected. These
assumptions are @iinciple importance and they

example: switch delay's dependence upon thare the essential signs to diftee classical circuit

input signals combination; effects of
transmission lines, ndmearity ofload capacitors

long simulation from itssimplified variants. That is

why these acceleratorsay not beconsidered as

and waveforms peculiarity, parasitic feedbacks,a circuits simulators without any conditionality.

the influence oftemperature and radiation. The
attempts of taking these effects into accoun

without solving the system of nonlinear
differential equations lead to lossrefiability. On
the otherhand, the standamdays of solution for
such a system of equations requites many

CPU time. These problems become more serioua

This paper describes the project of hardware

taccelerator,which iIs an equivalent t&PICE-

simulation and isbout 1000...10000 fastéran
SPICE-2with VAX11/780. The acceleratowill
take up to 16Mbyte RAM asthe number of
transistors becomesbout 100,000Besides, the
se of the real transistors instead of their
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mathematical models allows to achi¢hre 99,9%  concurrence of a 16-processsystem with the

- fidelity of volt-ampere characteristics for MOS- programmable communications between
transistors inside the wideinterval of processors and distributed memory (fig. 1). Each
temperature, radiation, lighbumidity, pressure
and vibration influenceThe real devices as the
modelsare subjectethemselves byhe external
influence without terminating of simulation
process.

processor consists of the processor for transistor
simulation and processor [3] for two-pole
elements simulation (fig2). The interprocessor
commutator was organized in the form of the
closed surface (fig. 2) and it allows to realize the
overwhelming majority of connection between
processors in accordance withsimulated
subcircuit.

1. BASIC PRINCIPLES OF
ACCELERATOR DESIGN

The high operation characteristics of accelerator
arise fromthe original simulation methods based | | | |
on the use of real circuit elements instead of their— 1 2 3 4
own models. Inseveral points it issimilar to 1 2 3 4
Realmodel, Realchip, Realfast systems (Daisy

Systemscorp., Valid Logic Systemsnc.), VEE- . . .
Test (Hewlett-Packard Co.), PDMPlessy | >
Semiconductors Ltd.), but iour case wehave 5 b 7 8
circuit (not logic) level simulation.
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Fig. 1. The architecture of hardware accelerator

with host-machine On the hardware/softwardevel we use
independent choice of timesteps fdifferent
subcircuits; piecewise-linear approximation of
Thebasic principles ofhe acceleratanclude ~ waveforms that reduces theexpenditures of
exploiting the real transistors instead of theirmemory and increaseshe channel capacity
mathematical models and modification of (bandWldth) of interconnection between host-
Waveform Relaxation method (WR) [2]. Besides, machine and accelerator; subcircsitulation
the widely known methods ofmodeling have With different speed-up (and precision). We use
been used such as hardware realization of VLSRISO event control of theimulation process;
circuit element models in eac}processor; partition of VLSI into subcircuits across the weak
feedback paths; SPICE-input using the



subcircuits language construction for ttiecuit
description language.

2. MOS-TRANSISTOR MODEL

The acceleratoremploys the semi-natural
models of MOS transistor (fig. 3yhich are
based on the real (reference) transisigysand
Ty , manufactured by theame technology as
VLSI circuit is to be designed. In this case the
most of transistor parameters can be considere
as a build-irparameters of theodels and we are
not need inidentification stage. We musobnly
control the transistor width and lengthvesll as
drain and source resistances and capacitances.
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Fig.3. The
model

semi-natural MOSransistor

The controlled sources dig. 3 reproduce the
following dependence:
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whered , €gj, Cox , O, are thewidely known
parameter of Spice program modalsy, , W, -

the channel width ofransistorsT, andT,; W is
the channel width oftransistor to besimulated.
The values ofother parameterand variables
follow from fig. 3 and the above equations.
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Fig.4. The Dependence of methodieator Y
from the channel widthV

The resistors onfig. 3 have the negative
resistance and they are used to compensate

transistor own resistances. Thealynamic
simulation is implemented e similarity theory

methods, by means of dynamical rpcesses
scaling in 16 - 10/ times.

The use of "real" transistorallows to take
easily intoaccount thenumber of short-channel
effects, for instanceavalanche carrier generation
into the drain p-n-junction andmultiplying in
lateral bipolar transistor, an oxide charging by hot
electrons, theclosing ofsource anddrain space
charge regions, and the electrannneling
through the oxide. These effects are not
considered in MOS models &PICE and other
widely used simulation programs. The
particularity of the model is its static

characteristics 99,9%delity whenW = W, or
W =W, (fig.4). Hereis: Y - the methodical

error ofsemi-natural modeyspjce the error of

the



the Spice MOS-transistomodel (LEVEL=2). into the larger ones. The interprocessor
The curve on fig.4 haveuilt in assumptionthat  commutator of the accelerator canmedlize all
possible combinations of connections therefore
the algorithm of commutator setting is usttat
select the optimal distribution for subcircuit
transistors among the simulating processes.

3. ACCELERATOR SOFTWARE All mentioned algorithmare executed ones in
the translation stage, sleey donot affect on the

To simulate large scale circuit it is divided into speed okimulating system. In each Wration

subcircuits, that contain no more than 16 thesampling isused for the analosignals taken

transistors and 32 two-pol@lements. Each from subcircuit terminals and subsequent

subcircuit is simulated by hardwateols and recovery of thessignals by means of piecewise-

sewingthe subcircuitogether igealized by WR  |inear interpolationThe residual norm estimation

which is modified for the accelerator. These unit, that isalso hardware realized, checks the

modifications include VLSI's decomposition into convergence of WR iterations.

subcircuits across weak feedback paths; in

necessary cases, the dynamic damping is used that 4. EXPERIMENTAL RESULTS

realized on hardware tools.

The host-machine (fig. 1pught to interact The commercial _using of above_n_amed ideas
between the designers, data baseatherdesign demandsthe semi-custonanalog-digital VLSI

levels;translate the inpunformation; decompose téchnology which is nontraditionér computer
the VLS| circuit model; adjust of the systems. Such a technology has appeared 2-3

interprocessor commutatoidentify the model ~ Yéarsago inUSA and Japan and now the most
parameters; operatgith the model library;rank ~ 'ate of development is observed in this
the subcircuits;make the eventual control of &chnology amongill the others. Therefore we
simulationprocess:; iterate the subcircuit models; have fabricated the processor fimulation of

communicatedata with accelerator; control the the two-terminal elements — andone MOS-
global simulatiorprocess. The input language of transistor model otthe basis ofCMOS standard

the system is identical tone of Spice program. integrated circuits (registers, memories, DAC's,
The workstation translator perform thegntax ~OPAMPs and other).

and lexical check of the input description, It has the following experimental
produces théists of element model parameters in performance: the band of resistor parameters 0.5
the formatsuitable for accelerator, and makes theOhm...8MOhm; the bandwidth of the capacitor
LSl interconnects description ready for and resistor parameters is 12 bit pthe 3-bit
subsequent processing by thagorithm of  scale factor. The timing scale factor is abo® 10
interprocessor commutator setting and circuitlt allows to increasethe transistomodel
partition. capacitors up to 1-10mcF and avoid the
The characteristic property of circuit partition influence of parasitic capacitances of the bread
algorithm isthat circuit is decomposed byeans ~ Poard.

of splitting into a number of functional units. To During the experimentthe WR-method was
maximize the utilization of processor each  used to realizeéhe iterationsvhich connect the
subcircuit must contain 16 transistors and 32solutions for independent subcircuits of the
two-terminal elements. To make thibe special  circuit to be analyzed.

procedure is used that integrasesall subcircuits

the methodicalerror Ygpjce is proportional to

[W- Wyl and W - W{yJ.



The experiment has confirmethe following
results, earlier obtained theoretically:

1. The time-spent forsimulation of each
subcircuit doesnot depend on its size and
complexity. Ittakes about 1 ms and 10 mbken

relativeerrors are 10 and 1 perceaespectively. 4. The electromagnetic emanation andniiee

This corresponds to speedup in 1...10 thousanQeye| fromthe host-machine and interface can be

times withrespect to Spice programealized on  gasjly decreased to the neglected threshold.
VAX-11/780.

2. The noise ansmall accelerator's width of a REFERENCES
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