
'- L 
'-4 --. -_..-._ -- . j 

.,(li .............................,.... ....................... . . ~  ..............,..... ......... 
0 50 100 isa 200 250 360 

Vig, 2 



Cortlrolling /&I ciperuirting tnorte: For llicsc rewoiis, hitch control- 
lers cipablc of roconfiguring the latch inode wcrc dcvclopcrl [3]. 
These iisetl an adtlitioniil signal to switch the latches belwecii thc 
NO and NC mode dcpntling 011 tlic pipeline lond. To detect WIICII 
the operating mudc shoiild change mqiiired a signilicanl soflw;irc 
or hardware ovcrhcad; the carly-operi latch controller tlescribcrl 
here overconies this. 

A schematic dkigrain for tlic carly-open latch using Ihe broad 
prorocol is shown in Fig. 3. Thc logic for the broadish proiocol is 
siinilar except that tlic latch cnablc, En, i s  aiily held low (closcd) 
by the output stage while X s q u e . ~ ~  CIiu is high. 

The latch opcratcs in NC inudc and uses ati additional signal, 
‘eorlyXh’ which gives atlvslnced noticc of iiii inipmdiiig input 
request; i t  can bc tlcrivcd from thc Reyiie.tr Out signal or the 
preceding hlock as shown by thc dash4  lines in Fig. I .  The 
‘enrlyRin’ signal is used to switch the data Iatchcs into NO mode. 
This whcnic has tlic virtues of hnth high perronnaiioc and low 
power dissipation. Opcniiig thc latchcs just prior to the arrival or 
the Kequcst ha signal allows thc input to propagate to the latch 
output as fast as possible whilc nornially opcriitiiig in NC inode 
prevents uriwanted data propagating bcyoiid thc input to the first 
pipclinc stage. 
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Acsrd/s: The early-open htch controllcr circuit was tested agairisi 
thc existing reconfigiirablc nomially-opcn (RNO), recontigurablc 
norinally-closcd (RNC) and conventional NO latch controllcrs in 
n 31 k-traiisistor dcsign consisting of B 32 x 32 bit fivc-stiigc pipc- 
lined multiplier [4]. Siiiiulatiuns wcrc performed on the full 
cxlriictcd layout, with TimeMill wiid I’owcrMill used to tileasure 
tlirougliput and powcr. 
(i) ‘lltruqhput: Rindom data were used for thc Iliroughput 

tests, as the perroimancc is not data-dependent. Table I shows Ihc 
rcsults of these tests. 

i’eiiiiliiiiiig appmximnrcly constant for tlie NC latch &sign. This 
illcrease in t l ie ewly-opcn ~iiiplciiiciitation can he attributed io noi 
king ablc to use early-open liitchcs in thc tirst stage; NO latches 
had to bc uscil licre so riansiiioiis cwii prupigitc to the second 
latch bcfarc being stopped. 
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Combraion,~: A high pcrforin;rncc, low power early-opcn laic11 con- 
troller for use in asy~icliro~ious pipclinc systcms tias been described 
aiid compared with other writroller types. Its inaxi~iiiini tlirougli- 
put is coniparable Lo h i 1  of thc Cistest control style. At high p i p  
hie occupancies, the powcr p r  operation of all controller styles i s  
coniparitblc. I-lowever, at the lowest occupancy it cxliibits -25% 
less power per opcriiliwn h n  that of the other high performancc 
latch controllers. ‘I’lic liltdl tlicrcforc c u i  he iisetl to besi wlvan- 
tage when the pipeline load is vxriiblc. 

Ack~iowledgrnrcnr; Thc authors cxpmss their iliiiiiks For support 
fi-otn the EPSRUMoD Puruerpiick prnjcct GRiL27930. 
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Sim le model for positive-feedback 

estimation 
adia 53 atic logic power consumption 

A. Blotti, S. Di Pascoli and R, Saletti 

A niotlel bnsetl cm croiistaiit R-C cloiricnts for 1111: calculaiion of 
thc clicrgy diaipafcd it) ildiabnlic circtiils with positivc fccdhack is 
prcwntcd. ‘l‘hc rnotlel am be uud to cstiniatc tlic cncrgy 
clissiptiled W. H functiori of both thc lm~l Eapilci1mliL.c and 
opcrnting frctpency with mi crror of < 8 nttd IR%, rerpcctivcly. 
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