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Abstract

The aim of this paper is to present a new approach to
creating high performance, low-power and low-area asyn-
chronous circuits using high level design tools. In order to
achieve this, we introduce the new timing model on which
this approach is based on. Following this, we present the
results from comparing, for a set of benchmarks, our imple-
mentation with other implementations.

1 Pseudo Delay-Insensitive model

Thepseudodelay-insensitivemodel(PDI model),asthe
DI model [1], doesnot supposeany upper bound in the
delayof the circuit components(gatesandwires). Conse-
quently, it is necessaryto usethetwo kindsof dataproposed
by Martin [1]: calculationdata,d, andsynchroniserdata,s,
which will be implementedusingdual-rail logic. Thecho-
sencommunicationprotocol is the four-cycle protocol. In
this protocol,every computationis executedin two phases;
acalculationphasefollowedby ansynchphase.

ThePDI modelis a variationof theDI model,in which
two suppositionsare includedwhich allow a reductionin
thearearequiredto facethedrawbacksof theDI model.

Supposition 1. The critical path/pathsare always the
same. This implies that not all the circuit wires must be
dual-rail wires. Hence,it is only necessaryto transform
into dual-rail logic thosegatesandwireswithin thecritical
path.

Supposition 2. Theelectricalsignalspropagatethrough
thewire aswaves.Hence,asaconsequence,it is notneces-
sarythatthevalue,thatwe wantto transmit,remainsat the
wire inputuntil this valuereachesthewire outputs.

In thesynchphasethedual-railwiresareinitialisedto s
dataandthesingle-railwiresareinitialised to theBoolean
value,d, thatdoesnot determinetheoutputof thedual-rail
gates.

2 Experimental results

In this sectionwe presenttheresultsfor thewell-known
benchmarksLGSynth95. The designflow to build asyn-
chronouscircuits is: first, we constructthe circuit using
high level design tools; second,we determinethe criti-
cal pathusingHLD tools; third, a prechargedvalueis as-
signedto eachsingle-railwire usingthecriteriamentioned
at theendof theprevioussection;fourth, all the gatesand
wires within the critical patharesubstitutedby their dual-
rail counterparts;and fifth, all the gatesoutsidethe criti-
cal patharesubstitutedby Booleangateswith thecapacity
to pre-charge their outputsto the valuecalculatedin item
3. The synchronouslibrary usedto synthesisethe designs
(usingDesignCompilertool from Synopsys)only contains
AND, OR and INV gates. In the asynchronouscircuits,
oncethe circuit hasbeensynthesised,we have eliminated
all the dual-rail INV gates,becauseinversionis simply to
interchangethe dual-rail wires assignedto the logic sig-
nals(asall complementarylogics). It couldbepossiblethat
after transformingthe circuit in this way, the critical path
changes.The solution adoptedis to eliminatesomeINV
gatesbut leave thenumberof INV gateswhich ensuresthat
thecritical pathwill remainasthecritical path.

Ourapproachproducescircuitswith higherperformance
in all casesand lower power-consumptionin 67% of the
caseswhencomparedwith synchronousimplementations.
Similarly, it producescircuits with the sameperformance
andlower power-consumptionin 100%of the caseswhen
they are comparedwith the DI implementations.What’s
more,this approachalsoproducescircuitswith lower area
than its DI counterparts.Hence,the DI implementations
usebetween12%and54%moretransistorsthanPDI imple-
mentations.Thesynchronousimplementationsusebetween
13%and27%lesstransistorsthanPDI implementations.
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