J
;wxe3de.t6TU0 A DG TAL MULTI PLI ER W TH REDUCED SPURI QUS SVW“M\‘MW\WEANS
OF LATCH ADDERS Field of the Invention [0001] This inventio a
Mul tiplier, and particularly to a digital Parallel Miltiplier tosmgtuce
spurious switching by nmeans of Latch Adders, thereby reduci
di ssi pation. Background of the Invention [0002] Many advancgm‘"mmmﬂmm
el ectronic devices enploy a digital sigpal processor (DSP)._to pgr
conpl ex signal processing. Mst digital signal processing functi®8% require

mul tiplicati hat_|s_realized a Multiplier, addition that is realized
by an acde PISTRALM O RLEER Wl REDECER shifiiols \imguinG
nodi fications to the inputs) and in sone special applications, division

that is realized by a di \BeefEANS OERIATCHAPDDERS Orerations invol ve

addition that is realized by an Adder. In typical mathematically intensive
conput ati ons, the power dissipated by the DSP is usually dom nated by the
Multiplier. [0003] It is well established that the primary power

di ssi pati on nechani sm of the NUllﬁi.ﬂﬂloif‘?ﬁe Illft'eﬁhﬁn dynam ¢ sw tching power that

is due to the large nunber of high speed transistor switching on and off

wi thin the Mil[00g1] i Biis inMenhors vdlitehtong Mudtiplierpambpaticulariyesd b digicad Patatied
within the electronics inqustry. GCenerally, it is desirahle that the power
di ssi pation bgwaﬁlnlmtasreg&esﬁ riPUsGSWifghing bywenns af M%r@weﬁd%@t hereby f e

for portable q@gﬁ&%h leser fic@batdnSSi pati on problens, etc. A
wel | - establ i shed ne ?188 torre%{)ﬁ:ent he power dissipation of Multipliers is

to reduce spurious switching (unnecessary transistor sw tching) where

possi ble. [0004] Multipliers be catggorized.into two general classes:
Serial and Parallel Miltipli e@&@%"&‘??gﬁ‘el\;ﬂyﬂqmq ers are nore popul ar as

they have i npripotegiMapgesdvaaved xedtimd eMétlohR) devRefnp10Ya AdigREl dighal pat e
| ower power. However, their i
processor (DSP) to perform complex signal processing. Most digital signal
processing functions require multiplication that is realized by a Multiplier, addition
that is realized by an Adder, subtraction that is realized by an Adder (with simple
modifications to the inputs) and in some special applications, division that is
realized by a divider. All these mathematical operations involve addition that is
realized by an Adder. In typical mathematically intensive computations, the power

dissipated by the DSP is usually dominated by the Multiplier.

[0003] It is well established that the primary power dissipation mechanism of the
Multiplier is the dynamic switching power that is due to the large number of high
speed transistor switching on and off within the Multiplier. This switching power
problem is well recognized within the electronics industry. Generally, it is desirable
that the power dissipation be as low as possible as this leads to a longer battery life
for portable devices, less heat dissipation problems, etc. A well-established method
to reduce the power dissipation of Multipliers is to reduce spurious switching

(unnecessary transistor switching) where possible.

[0004] Multipliers may be categorized into two general classes: Serial and Parallel
Multipliers. Parallel Multipliers are more popular as they have improved speeds

over Serial Multipliers and they often dissipate lower power. However, their



2 integrated circuit (1C) area requirenent is usually larger but this is
not usually a problem [0005] A Parallel Miltiplier generally conprises
three functional blocks as shown in FIG 1. A Miltiplicand input (X) 1 and
a Multiplier input (Y) 2 are entered into a Partial Product Generator
functional block 3 and the Partial Product Generator 3 generates parti al
products. The Partial Product Generator, 3 can be realized by different

met hodol ogi es i ncluding the Radi x-2 al g?orl thm Booth algorithm nodified
Boot h al gorithm Baugh-Wol ey algorithm etc. The partial products are
subsequent | y dBtemtedhcirqit @C) areageavieement ds ugyally Janger bujhiseisingt apwally a
structure is y either array-based or tree-based. A Miultiplier whose
First Stage Adder rcuit 4 is based on an array structure is henceforth
termed a Parallel Array Multiplier, and a Multiplier whose First Stage
Adder Circuit 4 |s base tree structure.is hen efart ermed a
Parallel Treel .fm lel w@lrd@geamﬁr@fy £oqnpyises threg, funchon rbioqké agghqwn
established a gital
besion - pri o Algs & DR ifbyPERI, e SIS LR el
(Wakerly). Thé’amaitPrpdlmJI(b&netatmefuhmﬁl black S anvdethie Pairtivd Rmdﬂca(ﬁhsnfraaﬁj first

proposed by Wall ace in A S on fp Mul tiplier E
Transacti ons cﬂ?nETa&?tP%H?lcpr@g% ﬁ“’s %amﬁ‘ﬁ Prcichct &fne@ﬁorlg ca\té’ﬁ reggzoeﬁi b¥rhe
adders in the diffefdnt Sha%d&@ Fers ch Fé tﬂe Q@dauh@ algahuﬁﬁdBlaWaggmﬁlh of
different adders including t Carry- rry-Save Adde

Car ry- Look- aheaddlﬂdd&ootlealgonthnn Hahgh@émlw Sgonthmim Th§ g@rtmbepzmq;actswee nmost

popul ar de5|g An h Add rcui.t 4. can. be.a Ful
Adder (R . o SekiAoRRE PR e Firk Shes RUBFSGRGRCE ek Sl S8RuS o
Wakerly gi ves @uﬂl@ﬁ@ltﬂ&sﬁﬁypbés@& di’ftréetl%%@d PA iNttiplibr dHASS FirstSfagé Hdder
subscript 8 and a second subscript 9 of the Adder 7 respectivel denote a

row and a col Udicut 4tindasertien an array stmuqtuteuistheaeeforth; tarmmdza E@ral¥ﬂe‘$@a§ér e M
rows of Adder f ums
o aoh 1ow mauibiipich g s MblgTicR URoRE PRL: Sl Miher'cyrdliPa B BREN o 81T

the first row si@ctdﬂéﬁﬁhﬁfo&fo&ﬂﬂ&lmam& Ha’ﬂalldl I‘I‘réélMLﬂ&pl(iB’rdThé)\dfeél@ntolﬁé’ramlkete b
colums 14, . and in there are z c %)ib'w wel |
known that t hel\'IHUFPé’éFS wa%ﬁﬁtﬁéhsf‘eij r"im@HF deseribed “$taal§fé) °Y of a
Paral I el ArraygMa | ey 0 NS 2006 1S
al so wel | known L' %}h‘glrlr%ﬁsn%”er?g ??év%t/s&i?)aﬁlé er% %ﬂlﬁﬁn Fl)réi%ll%?st Stage
Adder Circuit (ANdierbj)Pa‘halmett fJomedarvirk¢-bpsddestructuteeiss thet Weallacérdired, nfitshe

Parallel Array Multinpli and that the nynbe er es fromthe
first rowto %’mgpcpsg E’yr‘&ﬁfla"&lﬂst Egﬁqsﬁwn ?‘He“ IIE:‘EF &"ﬁl‘éﬁwf? e’rg%% rtaf’fﬂ‘i”é’FS is
usual I'y fasterg/ E%ﬁoﬁﬁ@fr@;ﬂéﬂse%ﬁﬁfﬁaﬂp My-17 B dbe i 968 NThePAIRY inedhk WFirst

di ssi pates | ess power. However, its [ayout structure is |ess regul ar.

[ 0006] The out$age Aﬂdqrrcarqmtrﬁsqax&eerg@hz.e\d dera nGmbenpf differcoirpddess ingluding therti al

product addi t| Qe Fi nal  Sta. ) [ The, Fi nal, St age
Adder G rcuit arir%%ﬂ%‘ts] foe ngarlr% a ?AacglgéAgM?}iJ%dgglf %Héadt %gd%rg,? tcutaggfth he
Final Stage Addgiy- @ave;wdaeﬁlsqndbmyrmdom@wmla‘rrdmghhm&d&tr 7Sina@e Hirkder
Circuit 4 collectively forms the Multiplication Product 6. [0007] The

abovenent i onedStageirAdsles GiguitHi eap beiankplll Adderc(FA), ian Half Adden (HAAeT ®f t he
First Stage Ad&?ﬁblﬁ%t o%”#f gﬁs@%}}il@ ah@&?r%kﬁﬂ’}pgﬁ%s f %&J?lgclié:sbﬂﬁﬂ oer‘BPﬂ?e gdder

Circuit 4. The orig rrous swtchin rst tage der
Circuit 4, andprior- atrhaddﬁtruah ﬁmgabmi@ers fid auwsetont] submgripe 9adft thehAddar 7o t he

different arrival timnmes of input signals to th ferent adders

First Stage Ad@eRectyslydepotaarewand paphugiiofdhy A@ﬁ?rréf%ﬁraaa%%ﬁaeen f‘}%]lrﬁ]dodes
in input stagegeffarkh r va OF Add¥tsiPid e Pidt S?Jger@d&r‘@?ﬁﬁﬁ4h@1emF o®f
spurious sw tching usually increases substantically. Typically, the anount
of spurious svwotlmhnmgl ¢achtrbw mraynbe disfeaene depkheingGhn qmct csParalled shueturs il | y

| ess than that the Fj Sta dder uit 4 .bec e the t age
Adder Circuit @ ngfeff)rvyid(’:@ﬁﬁr °° urg?sgmof‘?glhenstemﬁ%m ?g eﬁ%ﬁ'{)ebrlzccg}"}nggders
However, the ampunt aﬂd1r§ﬂi¢rwbk%wsm ttRéte Nge RROIRMIEETS. iTDis Well knowh tRitabe
Adder C| rcuit 5 may be higher. [0008] Several nethods have beenhglr oposed to

reduce undesi rnbssef pddess % in thisireg Stage Addenistwit 4 oEa Batallek AsagsBItplsT Raat 2
et al. enploys a del ayedeval uati on techni que where delay lines are used to
appropriately time the turning on/off of dynamic CMOS adders in the First
Stage Adder Circuit 4. However, because the dynam c CMOS adders require
const ant pre-chargi ng and eval uati on of 4 output logic |evels according
to applied inputs, the adders potentially feature higher spurious swtching
activity conpared to nore conventional static CMOS adders. In US patent
5,787,029 de Angel a I ogl c cal | ed an Enabl e/ D| sabl e CIVDS D| ffer ent| aI

—— s~~~ o = .y o



S the latches in a precise sequence so that inputs to the adders are
synchroni zed. Although the spurious swtching is reduced, the overhead cost
of the latches remains high. This is because the latches are circuit
entities independent of (and separate fron) the adders, as in US Patent
5,818,743 Lee et al. Thus, the power savings fromreduced spurious
switching nmay be offset by power dissipation of the |atches that are
external to the adders. Furthernore, citcuit costs of these latches in
terms of I1C area ngg al so be high to elimnate or reduce advantages of

reduced spur|d§|§55§ QBﬁhﬁgafﬁ%g%raﬂﬂéws|Ih15LaéWdﬁ‘ﬂbk1‘PQ’914tha[@)9PB]an rewsaf .| in

a techni cal t: @}@ Ri i | 44 | at or
Usi ng a QJaSI ‘?ﬁ‘ﬁg B}hgﬁllrgéﬁ%g?% 4 %gg ﬂ?ﬁlg%&ﬁél}ﬁ%@

Sol i d- St at e Ci(tleani that invthé Pagfle] Neray Muliplier) a8d ﬂ&?thd:mhnbér&ﬁ‘&ddémuedl&ﬁﬁ) :
proposes to inglud CMOS dyna cLat(a}'nat th t | | ders.to
perform | ogi ¢ ¥R E%(Sﬁ rob‘ﬁf‘%lﬁﬁemﬁﬂ 9o OMBRAUCRS 3hgtﬂ1’ ‘OL }(ﬁ&tlﬁtﬁréﬁti ve
of this proposgal@fatd (e G Fardll¥ QUePMultfHed) &id &@ Mﬂ HiRdip&es 1

Al t hough this deglll\%‘nal nd(’:tr ectly rreduces spun%u? sw%c r|1ngy|tn1 sl sseqetﬁsent

st ages of the poikerJoweverhits Iayow str@ttagds ledsieguldr.r cuit 4, the reduction of
the spurious switching nay not be significant for two reasons. First, with
the latch placed at the output instead of the input, some spurious

swi t chi ng doesiofus Urhe/buitpitb theFidd $edge A%ﬂ%pcﬁculba%ahl.‘foﬂsmgtth@;kdrnwﬁowt put s
of the adders in one row are connected to the input of the follow ng row of
adders (i n paraddiionggopsntoTthe Firgd Stage Piddst Cigeuit)8. malcﬁtag@mddgr Cipeuit 5

i nstead are al.so_cennected t.0.the i npyts, of SO dde t

sUbstant tal nuPos SOt RGP LRHY oG u bl A REaEale Sadf CHELES o ner
rows. I n shortandt §igfe pfodwisnfort UhS Famlt Stlge Adter TifcutM c6Nédielynfdri@ the
proposal described in Jou 1993. [0011] AII t he abovenenti oned nethods or
proposal s are Mgltiphigatipry Rypd B“yiﬁehronous digital logic circuits only and
their application to asynchronous logic circuits is uncertain. A good
description of synchronous logic circuits and asynchronous logic circuits
can be found ipogr) bﬂﬂﬁ(at&iv‘efmeﬁﬁdleﬂ)Gpiﬁh(bld@Wl&hﬂlgqmméril?d)caltsInﬁ &iterEﬂqu’deerl ng
Design - A Mde ach, entice-Hall, 1991 6 (0ol nce, vvoul d
be highly desi ATdbE r@bgwgeé\ h@ﬁpwﬁ&?g@lagmemalag%#safd%%]n&‘;%%ﬁr

| ogi c-based Pargllieh, M bfighic? SHY IT9HE StaletAdd. @:fathhe
First Stage Adder 1Cl rcult 1@ é[?‘eoér’iﬁ\ﬁf&uﬁ redrﬁc g%ur#gu?@sew tg i r‘1§ } n'the
Fi nal Stage Adaj@rln@hc Elmatl %agﬂh@ddnrrCltdnm 4, ema,}cbcj agnbuted 0s tlm/\dlfibmmgnlwlt he

First Stage Adder Grcuit S i.s,optai ned
W ih 1itie ovipraingd a8l sl Bden TGt Skt Aot ettt dtver <
di ssi pating | eﬁﬁrﬂ@ﬁmltéﬁlﬁ% 8€%ﬂa§hﬂe§1@roﬁ{ nBddsah iapit SiRieh HAhOFirfTONADEHE -
Summary of the I nvention ( ] The present invention seeks to provide

synchr onous | olgiter rang wheye dieramavntof spyrieusawitching esualdy m,cmaﬁgs substantialuced

spurious swt

spurious swi tgm'ﬂgal}yaﬂgo%vg&trgﬁhﬁﬁiglg%r tlt(:lrlmlél yln ﬂ?eaﬂ(’)lﬁie A8 %td&eﬁﬁg‘?grs édent

i nvention proviubetandaltyi @is$ danMhht inpthe EPﬁrshSwngkcﬁlePﬂitduﬁM Ryeosuse tthéFixel at or,
a First Stage Adder Circuit and a Final,K Stage Adder G rcuit, wherel n the
First Stage AdMage éd%qﬁhtwlebﬁﬁﬁuaéléswamnﬁ%ﬁlg@ﬁémﬂb‘[sma}:aa@m enof 3ddst: one
of the Latch Offar t I

t her eof . (001éﬁigiﬁﬁvgngﬁéhdenr%[gg£cs Lﬁ&ﬁst Sﬁ?@éﬁ?%ﬁhﬁ? gffnfnfrn (a){/lggg@ Ad%l gital
Mul ti plier havCmepibS Raytbedligher.oduct Gener ator, a First Stage Adder Circuit
and a Final Stage Adder Circuit, wherein the Final Stage Adder Crcuit

havi ng at | east one Latch Adder, at |east one of the Latch Adder conpri sing

at | east one Lighed)sb@ird0 R&thbdd Qﬁ’if@'bd%ﬂr br&ﬂ&@é@% rdd@ed 6lndeRirad f sputioas
aspect, the present i1nvention provides a Latch Adder conpri sing

switching. For example, US patent 5,333,119 Raatz et al. employs a delayed-

evaluation technique where delay lines are used to appropriately time the turning
on/off of dynamic CMOS adders in the First Stage Adder Circuit 4. However,

because the dynamic CMOS adders require constant pre-charging and evaluation of



at | east one Latch and at |east one Adder, at |east one of the Latch being
integrally formed wth at | east one of the Adder. Brief Description of
the Draw ngs [0017) Enbodi nents of the present invention shall now be nore
fully described, by way of exanples, with reference to the draw ngs of
which: [0018] FIG 1 is a block diagramof a prior-art general Parall el

Mul tiplier based on synchronous | ogi c; ‘{0019) FIG 2 is a block diagram of
a Prior-art Full Adder; and [0020) FIG"3 is a block diagramof a Prior-art
Full Adder with a Latch at each of its inputs; [0021) FIG 4a is a block

di agram of a LOWRY logielavelscopiring ta applicdrngyts,dhe adderspatersiplly If%‘geéltghAﬂder

G U BLock SRaPhlud sl HShaR-0 bl TR s CUOSHBIL B
of the Latch AdSeatenf5,F8T02%de Ab@ﬂ,?ziibog_ﬁzl dalledlan Eﬁat&le/@lsfabw CMOSBifedrentiabf t he
FIG ad s a chowniEChIciragnmtied; 1hnd CRLCR Yiaadp GPoFes COPYNGR: 4BHHanc e
o Bt AR OB, G 8 el Gl DIl
[0026) FI G 5 Addex Giicngui Thisciperatibn powehtiallyGeduaes lintGinedidte s;mfrlomnewildtmg\

Adder of FIG iﬁq\;/lultipliers. However, as such ECDL adders require reset and enable operations
(similar to that of the dynamic CMOS adders) to appropriately time the turning
on/off of the ECDL adders, the advantages gained are mitigated by potentially
higher spurious switching activity. Furthermore, the ECDL adders require
complementary signals that double switching activity and require a larger IC area.
Yet another method to reduce undesired spurious switching is described in US
Patent 5,818,743 Lee et al, which places a plurality of delay elements and registers
in selected signal lines to delay arrival of signals to a Booth Encoder in the Partial
Product Generator 3 and to the adders in the First Stage Adder Circuit 4 and this
thereby improve synchronicity of input timings. These delay elements and registers
are circuits form separate circuit entities that are independent of the adders and
Encoder. As these delay elements, registers and adders are separate circuit entities,
the added hardware costs are high because of the additional delay elements and
registers. Furthermore, additional power costs from the delay elements and
registers may instead increase overall power dissipation of the Multiplier rather
than reducing power dissipation originally obtained from reduced spurious
switching. In summary, the abovementioned methods attempt to reduce spurious
switching by appropriately timing the input signals such as by delaying. However,

overheads for realizing these timing adjustments are high and may defeat the

advantages of reduced spurious switching.

[0009] Lemonds et al., in a technical paper entitled “A Low Power 16 by 16
Multiplier Using Transition Reduction Circuitry,” International Workshop on Low
Power Design, pp. 139-142, April 1994 (Lemonds 1994), proposes placing latches
at the input (in front) of the adders in the First Stage Adder Circuit 4 and clocking



[0027) FIG 6 is a general block diagramof a synchronous |ogic Parallel
Miltiplier with reduced spurious switching in accordance with the present
invention; and [0028] FIG 7 is a block diagramof a general asynchronous
|l ogic Parallel Multiplier with reduced spurious sw tching in accordance

W th the present invention. Detail ed Description of the Drawi ngs [ 0029]
FIG 2 depicts a block diagramof a prigr-art adder 7 of the First Stage
Adder Circuit 4 of a Parallel Multiplier. As described earlier, this
prior-art adder 7 is usually,a Carry-Save Adder. Inputs to the adder 7 are
a partial pr ockhe latghesnin % PrecgesaApsTice seribafumpuis tohe aiders are FYRehropized, )
23. Qutputs fr d 7are (Q) n - ¢ he
subscripts i aﬁgh(?(‘ibg]f ﬁ%hﬁiuggggrs%éyfeﬂgplgcrtelaéce‘fa?q%ﬁg%réegﬁtcfétﬁgfr ](é)h)v?/ %ﬁc& egn xt h
col umm of the tfehmagts IBghgEhiddkbecaGse theilatches 4rd @B0hit Astitiessindeprndetard] (ard , it

i [ 1 tablished t.h i i i i i rst Add
Grouit & anc/ PRI s Baquels Ereds B 75a Fep et sl aiiadhs pover
synchr oni 2i ng daishel i fedlibed $pRriBAARIITNiE 1BAFBe bAYK: bl potRF sALiPRISIESIRE Ded

earlier that several existing nethods or proposals have attenpte _
achi eve this sktvbbs that aratextemabjo theaddersf Furtheohers, circuitt dosts df dlagse lat¢ches im t s

ith siml f ti . G | t _th i sti °h
broposal s ar ¢ GHBAT G HSAcHa ARadMER b PUEHES o5 FPAupt odmiiaes g ByMeRd
Latch Control spufipad sviitchink ddsPRbbddaneemehds {9such the inputs A 21, B 22 and

C " 23 to thereby synchronize the inputs. However, as these |atches or
other simlar logic circuits are independent of (separate from the adders,

that is the | sy.and t.he adder ar t1€ Gl ¥ GHR L t g 4 . '
added over hea?]fog{)bitjot%oat %11'é Wﬁﬁ ??C%Pﬁgfp ?ﬁe@?@?\&}gdofﬁ ggg'ihflﬁgn%llbkﬁ:? ¢ \ﬁg?%& and
added power di Slthict-akciraylatee Uiy HQuaMDoniHd Dynkhey Bull-Kdert Gl Beldgi,? onal
har dwar e and added power di s.si‘fati on costs nmy i nstead offset advantages
gai ned by reduldd dprnalorfsSoligryrassi Gigeuisovd 128, Noved, ppe sl 33, Fgbnl 9Bn(Jou
circunvents th [ ' [ an

i ntegral part %@?,ﬁ%ﬁg%g?&gﬁg:@ﬁ%gg&@%g@#@ﬁfg:% t%%%cég? té’?‘th%‘f‘ ;d grgfrlnéil airgt% %h
Adder s, abbr evpafean legicliAverfionsbufferprigcdnar pipélining fimotions: THe@bjetsive of whis ch

the Latch Grcuit Block | the Adder Qrcuyit .Bl.ock, depicting . that
e Lat o 42 | BroBsea R b Sherpib Chighehi e ths SIuigpist kol Ot e 1 oq
by means of t hgdlradifitebiial sRirions JRERng th &beduaRt dtaH¥E0F tHeCaddBR i S Hirsf 3

within the Latch Adder are therefore made to arrive (into the Adder 43) at
the same tine.Stage chdder Givews 4, tthe redystionsofgthel spuaioms revitelyng: maynhetebe | n
FIG 4a, the Latch C.rcujit Bl ock i.s .sh d with.left lLeaning.lin he
Adder Circuit %Wgﬁm}tg&sﬁg’d@as‘(ﬂsyhr% ﬁﬁgﬁeel\gkﬁ’rpdaqepﬁége %‘H tlﬁsééﬁ%f_rt}‘%p is
shaded by cr os@mpligkemt Rpurichddi swikthfilgQddes locéliragitiiinthanddee. Sécahd,i Becaskeindt o t he
Latch Adder bl ock depicted in FIG 4b where the Latch 42, integrated with
the Adder 43, #bthgppuieel thy addernin efe romeare gernectsdie ity ingugpizthe follpwing 9 py
meki ng the Lat 4 chil ' & { h : sed
to the Latch 4%%?115&{%% é&%gé}tl@% Bt?%&%sa 5palﬁlg§t§t%éer§ﬂl ctfei%qtulﬁlt r gg?m?%g&)power
di ssi pati on of arehésoladhadeidtidaihe dputssofanine addegiinatiey réwg 3ebstarhahsmicioss i ng

prior-art Adders, and the circuit hardware cost is alsq opl rginally
hi gher . HowevefWitdhing may Ftl‘_iaﬁ%t"&&&éddﬂstq{é?%sﬁ&Fh%ﬁ%w§ang?f¥=dg‘%Fg@BE‘PF on
are retained u WA SBEANsZL G & (1R poRhIARRLbed T ol ddzerent |y, by

means of placing the Latch 42 tunction'as an I1ntegral part of the Adder 43
function, the power dissipation (due to reduced spurious switching) my be
substantial ly C nd the added cost,is small.. 1t. s .to.be noted that
as the Latch 4{2891li n?‘géﬁea? ewe{ltﬁon[eﬂénez@%déror@?ipo&ls ﬁeflé‘tﬁlnfl?fgﬁf SYHREHEY ¢ ont
of the Latch Agj ic & inby hi » applic@tion toS BdyntRieRosIMdgidEinehitsiik hi n
the Latch Adder(égﬁl. H)#hcl iﬂfﬁéﬁgﬁg h%(} “}e‘ri}rrp%prﬂtlgﬁ{%di ffﬁ_)gey?ence betd\%/gd;n the
present i nvent ingertaindAtgeed dosasiptior ¢f synchronouvivgic qircwits and asynehrerouadegipl aced
at the output of an adder. [[003 Pl aci ng.t r 43
is, in sone seﬁgceu?ts &K1 R° 1O é Y ﬂ%%k ‘%glocrﬁg)by %‘%?éﬁ%eéﬁ}e\#lglgh&céf%&%g’ggsor.
Tradi ti onal |y, Dasiph cl4OModaRSERFoRhCRRAGG-HRIOYY1L hat is external to the

m croprocessor and the di sadvantage of this is the slower nenory access and
hi gher power due to the |ong interconnections between the m croprocessor
and the nenory. By placing some nenory as an integral part of the

m croprocessor, called the cache nenory, nmenory access is faster and with

| ower power dissipation due to reduced interconnections. In other words,

t he advantages are obtai ned only when the cache nenory is an integral part
of the mcroprocessor and not the case when the nmenory and m croprocessor
are separate circuit entities. [0033] By appreciating that it is

advant ageous to place the Latch 42 as an integral part of the Adder 43, a

o o - o, I I



10 When control transistors 45,46, 47,48,49,50 are negated (de-asserted) by
the Latch Control Signals SG and SG 44, the input signals A 21, B 22 and
Cf" 23 are blocked and ignored by the Latch Adder 41 and the states of the
previous S 24 and Co"~ 25 signals are respectively retained by neans of
inverter 51 and inverter 52. A person skilled in the art can easily
redesign this Latch Adder 41 that functé ons as a Full Adder shown FIG 4c
to anot her Latch Adder that functions as a Half Adder or any conbi nation of

Ful | d Hal f Add . [0034]. 1t .. it t t hat iati h
agvanf1 gge_s of [B‘T'éﬁir}iﬁ‘ct[’ﬂéwﬂlﬂdctﬁ llli_ghlgigileﬁg %eg&?’%\?yr}? qn%B$ {qeggfgg%lﬂag?éfﬂg a
person skill ec!is?ﬁbh&&%u@ﬁt}ﬁ\g&ﬁ%ﬁseﬁ%ﬂ[bl MbiBhEEs %ﬁ?fedﬂéedv\éphﬁoﬁ@?w@iﬁ%inéz 23

an integral part of the r 42 1n a nunber of ways. FOr exanp

depi cts t he prthé BirstcitagenddtiriGircnitalf andine withyredticedrspubesnswitehingointtheFinal
transistors 5 54 5, ~06 .are asserted b he Latch.Caontr.ol. S s _SG
b S 44t etk AMIRAGRRIGE YEREE I fedied SRuolS RuRRRAS e TN G e A
21, B 22 and Qdie2€iRGH 40bidIot Bind Rage Rdder TirctR Stis 3btainéll SALICINAE 0Qbrhead
transi stors 53, 54, 55, 56 are negated éde- asserted) by the Latch Control
Signal s SG arr@sts@esulting fiemiargsaall ameywd ot agded hardware dissipating lesgpewer thamcked,
that is ignored. the.lLatch adder 41 the states of the previous S 24
and Co"l 25 sieéﬁgl%‘g 05?’8“@@5’8@9?@@]?"?%@% ned by neans of inverter 57 and
inverter 58. As in the alternate enbodi nent of the invention shown in FIG

4c, a person skilled in the art can easily redesign this Latch Adder 41
that functions as a Full AdderSwnwmaxy pf the Inyentipnonot her Latch Adder that

functions as f i i . f

10055] 't 1o o0 THHEenBin BROSSAR kA Guchidhont0aiol Bl hefilRESe |
pl aci ng t he Ldbgib MiltipReraQirduits @gthatdyred spwrious Bwitékidgrand3he aveplsad@ostflsr | | ed
in the art can Sesign a(l(ila%(ﬁh Adder 41 with the Latch 42 as an integral
part of the AJgfzingthe gedyuced, spElous,sWilghing ISpeY- exanpl e, FIG 4e depi cts

anot her alternate enbodi ment of the invention. When the control transistors
59, 60, 61,62, are asserted by the Latch Control Signals SG and SG 44, the
Lat ch Adder 41004hcAccondingly, sinForhd agpieter the presewtowentipnitpsovides A digitaB 22
and C " 23 and .oyt puts are 24 d 25. Wh ntro rgnsi st or,s

20 60, 61 0z AMBtigDiet Fafing adaludbaist Gstrnet Rt Shgsch it S Sy ang
SG 44 the | n%hal%t%ﬁ\&de?\ GrouitBwBereNfle Eirst Sdgcah8dd QfdeRDoniphiaés dtdedsgnor ed
by the Latch Adder and the states of the previous S 24 and Coin 25
signal s are rengdeattly didder, at Hapleenehgf thedrichoAddencamprisimRabledst angdratelt 64,
As in the pr efberred and ail it;_ulgrtneato enbodi nents of the invention, a person
skilled in theH& 3RS yhlr% esign this Latch Adder 41 that functions
as a Full Adder shown FIG 4e to another Latch Adder that functions as a
Hal f Adder or any conbination of Full and Half Adgers._ [00361,As i scussed,
the Latch Cont[P®15] dngmgihsr aspeetoHiesesenhiaventionireyidssa digHalyiuttipbier haying A
21, B 22 and C ) Lat 4 . b r FI G
5is a circui tC‘i g%‘ﬁglrrg%ﬁidc og é%éﬁéeto%gﬁ:lﬁg)%%wéé@lgb&?t{% 9?1;‘&9%} ?& érﬁd?%ll-
Circuit 71 serQiesuit, whepain theskisal-Stage 4dderrGirant Halvingl sitledst GonLatoh ASdgnat s SG
and SG 44 and it functions as delay.circuit. The function of the Latch
oot ol & gnaileasi nf 4t thecLarcRAdder RIPRE Rl p0e oHs BRI op SHEGL TATD
delay circuit hsehp provide a delay that is equal in duration to the

| ongest time for the Latch Adder 41 in the preceding rowto conplete its
addition of inputs A 21, B 22 and G" 23 and to output S 24 and Co"~ 25. In

this manner, t | nput 21 2 _and ¢ 3to all the,L h .S 41 in
t he subsequentﬂaﬁﬁh\/qﬁrael%ggﬂc P%“ﬁﬁ‘ﬁ%afef?{“ﬂ‘?"r?@‘?‘m} peY g%f/ai‘gg:&ﬁ‘#%r f ﬁg&g{%ﬁﬁl ous
switching. It jt3easbhe KiteMand hieikadt e Addad bORadfont BE tHéelavh béing irdedzally r ol
Circuit 71 conprising a nunmber of inverters is determ ned by the nunber of
inverters 72 deemedwithat leapone of heiAddsF. the transistors in these inverters
72. A person skilled in the art can design the Control Circuit 71 in a
nunber of ways, including using other types of logic gates. [0037] FIG6 is
a general bl ock diagramof a synchronous logic Parallel Miltiplier for the
preferred and alternate enbodi nents of the invention. This general bl ock

di agram enconpasses both the Parallel Array Multiplier and the Parall el
Tree Multiplier where their respective First Stage Adder Circuit 81 is an
array-based structure and a tree-based structure. In the First Stage Adder
Circuit 81 the Adders



12 (usually Carry-Save Adders) in the First Stage Adder G rcuit of
prior-art adders 7 in FIG 1, are now replaced by Latch Adders 41. Each of
the Latch Adders 41 in the same i h row may be controlled by the sane Latch
Control Signals SG and SG 44 for 1 < i <_ M, where Mis the nunber of
Tows in the First Stage Adder Circuit 81. The Control Circuit 71 in the
first row, is activated by Control Signal 83, which is usually the active
cl ock edge of the synchronous clock signhal. Wien the Control Circuits 71
assert Latch Control Signal ?é t he Latc’? Adders 41 in the sane row are
activated and the addition Eﬁr Qeseription ok e Drayings ¢ si mul t aneousl 'y
initiated. In r b ki i i : 21,
5122 and '\ 20D Spoqients ¥l e PLagy Tt Sl ROG b BRI GRRIRG o
VWhen the Cont riyt way ofexNamples) with geferencd i thatdawigsmfivdliclSi gnal s 44, all the
Latch Adders 41 in that rowignore their inputs and hold their previous
states. The output of all Latch Adders 41 in that row remai n unchanged, and
the input signabs)tEIG. hes adkdiddrat e alpRiorafERAEAT A IO NIGMplifiehas @Yo
inputs of other rows connected to any output of Latch Adders 41 in that row
al so remai n urnynehrgaens logissequent |y, the spurious switching is
substantially C t at Adder nchroni ze the timng of
their inputs b@gﬁia@g}'gﬁggﬁg)%kg%?ﬁ%ﬁ%]?gggggﬁgﬁs‘sﬁgﬁ?n t he Latch Adders
41 require onlpozepeFIBn3tie aiblgek diagraghofapPriGhdroRull Aty Withracf féleatciash bpat e
substantially | ower power than the prior-art dynam c CMOS adders and ECDL
adders. This i%BB¥Suse, as previously discussed, prior-art dynamc CMOS
adders and E j t S j h
oper at i on. I PO GE AHTLEbIokC KK B FEREL A0 B\ SHY oM o SR
invention is neveglapsihh \Added CisitdBiock ao tdepicp avieatclo beiag at integralf parhef &ont r ol
Grcuits 71 an‘g #Ee slight increase iniggpwer di ssi pation of the Latch
Adders 41 over f9RE IR AGCOEIANCSWHD the inyentiod;  Adder 7 that is usually the
Carry- Save Ad it i Bk i ct
Generator 3 igi@?)zaz%glg’["(} dﬁgifsh%gB cl)l{ﬁﬁa/g}%léraikdtgﬁ]ﬁomgi%\t/deﬁﬁﬁc}&gggfe(?d%évi ng of

t he synchr onou@023)gfFl6. Aarsh icetuilvtheimalic of therftadcly Addert dfFIGndem aaordancof t he

order of 30% ov rior-art comventional 16x 16 bit synchronous | ogic
fth gpEaifipts el

Parallel MiltiP B ragni t ude of the power saving differs

for other 16x [624pi KIGVULtis BlcirBiis soMeafmEc B ke RdtclPAAESIC IFENah 3 B¢codddnSe based
on different nethodol ogies. The overall nagnitude of the power saving is
nore subst ant i With p prefersgdembadimenty| i ers, for 13 exanple 32x32 bit

Paral | el Mul tigQhier .S, 1 i e | i fq t Fi St age
Adder Circuit lgéés?oﬁrG éggé‘?eatc ﬁéﬁg%&&%ﬁxgﬁgﬂg\%{eﬁg t&néag%h(%@qpa? ?é‘?g%ﬁ%)@é%ti on
may, however, withlagsthériadtematy emhbodimpestd of the Multiplier. [0038] It is
possi ble to further_ipprove, the power savings of a . Parallel Miltiplier
enbodyi ng t he PARRErEICHR if Beireyhthepate el § Ggneoliyirasitvol thit s AMEN dldiifl ¢ e
Latch Adders 44,.and the Control Circuits 71 in the First Stage Adder
Circuit 81 instéad of sinply placing the Latch Adders 41 and the Control
Circuits 71 inoe2rrKEiG. 6us agenkrsldhlodkediagraml farsynchrendusdogic @amtiel Maltipdier

repl ace the con.gnt' onal adders. 7.with Latch Adders 41 a%ndwg*.ac.e t.he
Control Gircui Yt _rtedb‘ﬁ‘T‘f/lsPF“PBH’? ML Ageerdapee gvithfhe presentanygntignand F r st
Stage Adder Cipog28)tFigL. 7 A9Qf BRIk afagfwrafra géRdtafl aBndhPorid! RgR Phfallel
conventional adders 7 with Latch Adders 41 and place the Control Grcuit 71
only in the odultipdier owith edmeeds spwicugeswidehing dnrangordagee witio3b preseshoul d
be cl ear that By qrozlon skilled in the art can easily apply the invention to
a Parallel Ml |%H I based on asynchronous logic. FIG 7 is a block

di agram of such an asynchronous logic Parallel Miltiplier. An asynchronous

| ogic Parallel Miltiplier typically requires two signals in addition to

t hose required by conventi m&lleQP%WEﬂ%QfﬂbGd?r@“W%i pliers. These signals
usual l'y inclu : I%LEQ%] [ A Lghal 94
and t hese si gﬁg?%ﬁ]?eﬁ?g lta(?vinds gﬁﬂﬂ%?%qxéﬁfﬁ’éﬂof%ﬂ%ﬁ%@ﬁ%S%ﬁ“ﬁﬂtt%ﬂg@é;i rst
St age Adder C AddsrtCifthitcbofpa ParaHelrMuBiphath ddydesgiteli eatliet,ahisAntibesast adderhd
Control GCrcuits 7 The wor ki ngs. of the First Stage Adder. G r.cui 1 of
this asynchrorféd@“"?lb'g‘? apsyr VFre}\de%IIPP‘ﬁF tq.thejaddeg ﬁg{ea"? pgtgial H’é’flqu‘} gﬁ’ea
synchronous logic Parallel Miltiplier abovenentioned. The REQ signal 93 is
asserted after the input Multiplicand X 1 and Multiplier Y 2 signals have
arrived. The ACK signal 94 at the output of the asynchronous Final Stage
Adder Circuit 92 is asserted to indicate the conpletion of the

mul tiplication process. The spurious switching in the First Stage Adder
Circuit 91 may be substantially reduced by replacing the prior-art
conventional adders with Latch Adders 41. Simlarly, the adders in the

1 ~ o o - 1 b



15 Cains 1. Adigital Miltiplier having a Partial Product Generator, a
First Stage Adder Circuit and a Final Stage Adder Crcuit, wherein said
First Stage Adder Circuit conprises at | east one Latch Adder, wherein at
| east one of said Latch Adder conprises at |east one Latch being an

integral part thereof. 2. Adigital Miultiplier set forth in Caiml,

wherein said at |east one of said Latchy,Adder | atches at | east one input
signal to said at |east one of said LatCh Adder. 3. A digital l\/UIti plier

set forth in Cai east ut signals of s

signal to sai dpaarpgi %‘8@?‘3@{1@ 6‘1“3 éiaﬂryﬂ“a‘t(gh);éi tp‘é‘?@% H‘ﬁeﬂ‘i g&‘iipaséans
of said at |eagi apealy- 0%9(@!,“?-@ { Cthe sﬁbscﬁp&'z%ﬁ%lof Mé' éd'dgll'}'?ers p&&ivelyQehbre! N
Claim 3, wherein sald at least two input signals reduces spurlous sw t chi ng
upon synchroni zmngrovﬁandﬂa:m g¢q1lahnwﬁth'3|FpﬂSt Stage AddérdPirduitids Claim |, wherein
said at | east one of said Latch Adder is controlled by at |east one Contr ol
Signal. 6. Adigital Multiplier set forth in Caimb5, wherein said at | east

one of said Copos@ As described earlier, it is well established that spurious switching in the
First Stage Adder Circuit 4 and/or the Final Stage Adder Circuit 5 may be reduced
by synchronizing the inputs to the adders in each row. It was also described earlier
that several existing methods or proposals have attempted to achieve this
synchronization by means of latches or other logic circuits with similar functions.
Generally, most of these existing methods or proposals are shown in FIG. 3 where
the latches 31 are asserted by the Latch Control Signal 32 to simultaneously latch
the inputs 4 21, B 22 and Cj, 23 to thereby synchronize the inputs. However, as
these latches or other similar logic circuits are independent of (separate from) the
adders, that is the latches and the adder are separate circuit entities, their added
overhead cost to the Multiplier in terms of additional hardware and added power
dissipation may be exorbitant. Put differently, the additional hardware and added
power dissipation costs may instead offset advantages gained by reduced spurious

switching.

[0031] The present invention circumvents the abovementioned costs by placing the
latch function as an integral part of the adder and these adders are henceforth
termed Latch Adders, abbreviated as LA. This is pictorially shown in FIG. 4a in
which the Latch Circuit Block overlaps the Adder Circuit Block, depicting that the
Latch 42 is an integral part of the Adder 43. The Latch 42 is asserted by means of
the Latch Control Signals 44 and the inputs to the Adder 43 within the Latch Adder
are therefore made to arrive (into the Adder 43) at the same time. In other words,
the input signals are now synchronized. In FIG. 4a, the Latch Circuit Block is
shaded with left leaning lines, the Adder Circuit Block is shaded with right leaning
lines, and the overlap is shaded by cross-hatching. This pictorial diagram can be
simplified into the Latch Adder block depicted in FIG. 4b where the Latch 42,
integrated with the Adder 43, is asserted by means of the Latch Control Signals 44.



Signal is generated by at |east one Control Circuit. 7. Adigital
Miltiplier set forth in Caim6, wherein said at | east one of said Control
Circuit is a Delay Grcuit. 8. Adigital Multiplier set forth in Caiml1,
wherein at |east one rowin said First Stage Adder Circuit conprises said
‘at | east one of said Latch Adder. 9. A digital Miltiplier having a Parti al
Product Cenerator, a First Stage Adder Lircuit and a Final Stage Adder
Circuit, wherein said Final Stage Adder O' rcuit conprises at 16 | east one

Lat ch Adder, er e .of tch I t
one. Lat ch bei ny et &R 42 diceidn ad Gcerapertotife Aar hhm st B
forth in O ai mgeh W@%ﬁ@'ﬂﬂz A&d 4§tbeir%3s%¥>axﬁféec1&int%ﬁhﬂeé—%cﬁ%bv?&%imﬂaﬁbﬁ Res at
| east one input signal to said at Ieast one of said Lat Adder

digital Miltipthe élatcsheAddlarrétlhlsml}Clmrgmeﬂlb' higherrtham emtstmeasor-aMddnwand

:;ggﬁlrzmofz ezalb en;.ag it E? gvglr%tcgstslas glso onl)('3 %Sgrgpnn 1gﬁ Ci—lcl)‘v"ilfctaxgerll, 'ﬁged?ﬁll are

advantages of the spurious switching reduction are retained upon synchronizing the
input signals. Put differently, by means of placing the Latch 42 function as an
integral part of the Adder 43 function, the power dissipation (due to reduced
spurious switching) may be substantially reduced and the added cost is small. It is
to be noted that as the Latch 42, integrated with the Adder 43, is effectively in the
front of the Latch Adder 41, there is little, if any, spurious switching within the
Latch Adder 41. This is another important difference between the present invention
and that proposed by Jou 1993 in which a latch was placed at the output of an
adder.

[0032] Placing the Latch 42 within the Adder 43 is, in some sense, akin to placing
(cache) memory within a microprocessor. Traditionally, a microprocessor accesses
memory that is external to the microprocessor and the disadvantage of this is the
slower memory access and higher power due to the long interconnections between
the microprocessor and the memory. By placing some memory as an integral part
of the microprocessor, called the cache memory, memory access is faster and with
lower power dissipation due to reduced interconnections. In other words, the
advantages are obtained only when the cache memory is an integral part of the
microprocessor and not the case when the memory and microprocessor are separate

circuit entities.

[0033] By appreciating that it is advantageous to place the Latch 42 as an integral
part of the Adder 43, a person skilled in the art can design a Latch Adder 41 in a
number of ways. For example, FIG. 4c shows one alternate embodiment of the
Latch Adder 41. When the control transistors 45,46,47,48,49,50 are asserted by the
Latch Control Signals SG; and E 44, the Latch Adder 41 functions as a Full

Adder whose inputs are 4 21, B 22 and C,, 23 and outputs are S 24 and Coy 25.



at | east one of said Latch. 12. A digital Miultiplier set forth in Claim1l1l,
Wherein said at | east two input signals reduces spurious swtching upon
synchroni zing. 13. A digital Miultiplier set forth in Claim9, wherein said
at | east one of said Latch Adder is controlled by at | east one Control
"Signal. 14. A digital Miultiplier set forth in Caim13, wherein said at

| east one of said Control Signal is gengrat ed by at | east one Control
Circuit. 15. Adigital Miltiplier set rth in Caiml4, wherein said at

| east one of said Control Grcuit Is ay Crcuit tch er
conprising at Vo&&Foml "Laﬁﬁlétﬁrsa‘}ﬁi"‘%w f‘%’ggéo&ﬁ%nm&ér(dmﬁ%ﬂh Y ihe &l one

of said Latch is.in 0 at ast .on f .S e )

Latch Adder se r}tgﬂtﬁgrraﬁ géa Pr‘? ﬁ- wﬁei}be nggflﬁn%\lts ’fgi’stB %jhgmﬁgd'sg? (?“f_at ch

| atches at le t 18. A

Latch Adder 52? or t nﬁ}b&éﬁﬂ&%&a&%ﬂe@%@#ﬁgg?ﬁ ggg?lfe %g“%gf at ch

i s control | ed @y, 2t sigresdsire oespectorly haisdddneaineans of inverter 51 and inverter 52. A
person skilled in the art can easily redesign this Latch Adder 41 that functions as a
Full Adder shown FIG. 4c to another Latch Adder that functions as a Half Adder or

any combination of Full and Half Adders.

[0034] It is reiterated that by appreciating the advantages of placing the Latch 42 as
an integral part of the Adder 43, a person skilled in the art can design a Latch
Adder 41 with the Latch 42 as an integral part of the Adder 42 in a number of
ways. For example, FIG. 4d depicts the preferred embodiment of the invention.

When the control transistors 53, 54, 55, 56 are asserted by the Latch Control
Signals SG, and E 44 the Latch Adder 41 functions as a Full Adder whose

inputs are 4 21, B 22 and C,, 23 and outputs are S 24 and C,y 25. When control
transistors 53, 54, 55, 56 are negated (de-asserted) by the Latch Control Signals SG;

and E 44 the input signals 4 21, B 22 and C;, 23 are blocked, that is ignored by
the Latch Adder 41 and the states of the previous S 24 and C,,, 25 signals are

respectively retained by means of inverter 57 and inverter 58. As in the alternate
embodiment of the invention shown in FIG. 4c, a person skilled in the art can easily
redesign this Latch Adder 41 that functions as a Full Adder shown FIG. 4d to
another Latch Adder that functions as a Half Adder or any combination of Full and
Half Adders.

[0035] It is again to be reiterated that by appreciating the advantages of placing the
Latch 42 as an integral part of the Adder 43, a person skilled in the art can design a
Latch Adder 41 with the Latch 42 as an integral part of the Adder 43 in a number
of ways. For example, FIG. 4e depicts another alternate embodiment of the

invention. When the control transistors 59,60,61,62, are asserted by the Latch
Control Signals SG, and E 44, the Latch Adder 41 functions as a Full Adder



17 19. A Latch Adder set forth in Claim16, wherein at |east two input
signals to said at | east one of said Latch Adder are synchronized by neans
of said at |east one of said Latch. 20. A Latch Adder set forth in Caim
19, wherein said at |east two input signals reduces spurious sw tching upon
'synchroni zi ng.
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the inputs 4 21, B 22 and C,, 23 by means of the Latches within the Latch Adder
41. FIG. 5 is a circuit schematic of the Latch Control Circuit 71. This Control

Circuit 71 serves two purposes — it generates the Latch Control Signals SG, and
§G_i 44 and it functions as a delay circuit. The function of the Latch Control

Signals 44 has been described hereinabove. The function of the delay circuit is to
provide a delay that is equal in duration to the longest time for the Latch Adder 41
in the preceding row to complete its addition of inputs 4 21, B 22 and Cj, 23 and to
output S 24 and C,,, 25. In this manner, the inputs 4 21, B 22 and C,, 23 to all the
Latch Adders 41 in the subsequent row are synchronized in time, thereby reducing
the spurious switching. It is well known that the duration of the delay of the
Control Circuit 71 comprising a number of inverters is determined by the number
of inverters 72 and by the aspect ratio of the transistors in these inverters 72. A
person skilled in the art can design the Control Circuit 71 in a number of ways,

including using other types of logic gates.

[0037] FIG 6 is a general block diagram of a synchronous logic Parallel Multiplier
for the preferred and alternate embodiments of the invention. This general block
diagram encompasses both the Parallel Array Multiplier and the Parallel Tree
Multiplier where their respective First Stage Adder Circuit 81 is an array-based

structure and a tree-based structure. In the First Stage Adder Circuit 81 the Adders
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(usually Carry-Save Adders) in the First Stage Adder Circuit of prior-art adders 7
in FIG 1, are now replaced by Latch Adders 41. Each of the Latch Adders 41 in the

same i row may be controlled by the same Latch Control Signals SG; and E 44

for 1<i<M, where M is the number of rows in the First Stage Adder Circuit 81.
The Control Circuit 71 in the first row, is activated by Control Signal 83, which is
usually the active clock edge of the synchronous clock signal. When the Control
Circuits 71 assert Latch Control Signals 44, the Latch Adders 41 in the same row
are activated and the addition processes for that row are simultaneously initiated. In
other words, the timing of the different input signals 4 21, B 22 and C,, 23 to all
Latch Adders 41 in the row is thereby synchronized. When the Control Circuits 71
negate the Latch Control Signals 44, all the Latch Adders 41 in that row ignore
their inputs and hold their previous states. The output of all Latch Adders 41 in that
row remain unchanged, and the input signals to the adders in the row immediately
below the row or inputs of other rows connected to any output of Latch Adders 41
in that row also remain unchanged. Consequently, the spurious switching is
substantially reduced because the Latch Adders 41 synchronize the timing of their
inputs by means of the Latch Control Signals 44. As the Latch Adders 41 require
only one switching in each operation, they therefore dissipate substantially lower
power than the prior-art dynamic CMOS adders and ECDL adders. This is because,
as previously discussed, prior-art dynamic CMOS adders and ECDL adders usually
require more than one switching for each operation. It is reiterated that the
substantial power savings from the invention is marginally reduced due to the
power dissipation of the Control Circuits 71 and the slight increase in power
dissipation of the Latch Adders 41 over the conventional prior-art Adder 7 that is
usually the Carry-Save Adder. For 16x16 bit Multipliers whose Partial Product
Generator 3 is based on the Booth algorithm, the overall power saving of the
synchronous logic Parallel Multiplier embodying the invention is of the order of
30% over prior-art conventional 16x16 bit synchronous logic Parallel Multipliers.
This overall magnitude of the power saving differs for other 16x16 bit Multipliers
whose Partial Product Generator 3 is based on different methodologies. The overall

magnitude of the power saving is more substantial for larger Multipliers, for
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example 32x32 bit Parallel Multipliers. This invention can also be applied to the
Final Stage Adder Circuit 82 to reduce the spurious switching. This latter

application may, however, reduce the overall speed of the Multiplier.

[0038] It is possible to further improve the power savings of a Parallel Multiplier
embodying the invention for synchronous logic by strategically placing the Latch
Adders 41 and the Control Circuits 71 in the First Stage Adder Circuit 81 instead of
simply placing the Latch Adders 41 and the Control Circuits 71 in every row as
described earlier. One improvement is to replace the conventional adders 7 with
Latch Adders 41 and place the Control Circuit 71 only from the second row to the
last row in the First Stage Adder Circuit 81. Another improvement would be to
replace the conventional adders 7 with Latch Adders 41 and place the Control
Circuit 71 only in the odd rows of the First Stage Adder Circuit 81.

[0039] It should be clear that a person skilled in the art can easily apply the
invention to a Parallel Multiplier based on asynchronous logic. FIG. 7 is a block
diagram of such an asynchronous logic Parallel Multiplier. An asynchronous logic
Parallel Multiplier typically requires two signals in addition to those required by
conventional synchronous logic Multipliers. These signals usually include the
Request (REQ) signal 93 and Acknowledge (ACK) signal 94 and these signals
serve as handshaking signals. In this example, the First Stage Adder Circuit 91
comprises rows embodying the Latch Adders 41 and Control Circuits 71. The
workings of the First Stage Adder Circuit 91 of this asynchronous logic Parallel
Multiplier is similar to that of the synchronous logic Parallel Multiplier
abovementioned. The REQ signal 93 is asserted after the input Multiplicand X 1
and Multiplier Y 2 signals have arrived. The ACK signal 94 at the output of the
asynchronous Final Stage Adder Circuit 92 is asserted to indicate the completion of
the multiplication process. The spurious switching in the First Stage Adder Circuit
91 may be substantially reduced by replacing the prior—art conventional adders
with Latch Adders 41. Similarly, the adders in the Final Stage Adder Circuit 92,

may also be replaced with Latch Adders 41 to reduce the spurious switching.
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[0040] It should be clear that a person skilled in the art can design the Latch
Adders 41 in a number of ways wherein the Latch 42 is an integral part of the
Adder 43 and are not separate circuit entities. It should be also be clear that the
Latch Adder 41 described herein can be applied in many logic circuit applications,
including as a stand-alone Adder, a stand-alone Subtractor (realized with simple
modifications to the inputs of the Latch Adder 41), in Multipliers, Dividers, etc. It
should also be clear that a person skilled in the art can design a Parallel Multiplier
by using a number of different methodologies for realizing the Partial Product
Generator 3 including Radix-2 algorithm, Booth algorithm, modified Booth
algorithm, Baugh-Wooley algorithm, etc, and with the First Stage Adder Circuit,
embodying Latch Adders 41. The different methodologies may further include a
First Stage Adder Circuit whose rows may be increased or decreased and the
number of adders in the rows may also be increased or decreased when compared
to the examples given herein. It should also be clear that a person skilled in the art
can design a Parallel Multiplier using a number of different designs for realizing
the Final Stage Adder Circuit including the Carry-Ripple Adder, Carry-Look-ahead
Adder, Carry-Skip Adder, etc, and replacing any of these prior-art adders with a
Latch Adder 41. It should further be clear that a person skilled in the art can design
the Latch Control Circuit described herein in a number of different ways, and
design the Latch Control Signals to be generated in a number of different ways,
including without the need for a specific Control Circuit, and simplify the Control
Signals from a differential signal to a single-ended signal. It should yet further be
clear that a person skilled in the art can design both unsigned and signed

Multipliers embodying the invention.

[0041] Having described the above embodiments with reference to the
accompanying drawings, it is to be understood that the invention is not limited to
these embodiments and that various changes and modifications can be made by one
skilled in the art without departing from the spirit and scope of the novel concepts

of the invention as defined in the appended claims.
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Claims

[am—

A digital Multiplier having a Partial Product Generator, a First Stage Adder Circuit
and a Final Stage Adder Circuit, wherein said First Stage Adder Circuit comprises at
least one Latch Adder, wherein at least one of said Latch Adder comprises at least one

Latch being an integral part thereof.

2. A digital Multiplier set forth in Claim 1, wherein said at least one of said Latch Adder

latches at least one input signal to said at least one of said Latch Adder.

3. A digital Multiplier set forth in Claim 2, wherein at least two input signals of said
input signal to said at least one of said Latch Adder are synchronized by means of said

at least one of said Latch.

4. A digital Multiplier set forth in Claim 3, wherein said at least two input signals reduces

spurious switching upon synchronizing.

5. A digital Multiplier set forth in Claim 1, wherein said at least one of said Latch Adder

is controlled by at least one Control Signal.

6. A digital Multiplier set forth in Claim 5, wherein said at least one of said Control

Signal is generated by at least one Control Circuit.

7. A digital Multiplier set forth in Claim 6, wherein said at least one of said Control

Circuit is a Delay Circuit.

8. A digital Multiplier set forth in Claim 1, wherein at least one row in said First Stage

Adder Circuit comprises said at least one of said Latch Adder.

9. A digital Multiplier having a Partial Product Generator, a First Stage Adder Circuit

and a Final Stage Adder Circuit, wherein said Final Stage Adder Circuit comprises at
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Latch being an integral part thereof.

10. A digital Multiplier set forth in Claim 9, wherein said at least one of said Latch Adder

latches at least one input signal to said at least one of said Latch Adder.

11. A digital Multiplier set forth in Claim 10, wherein at least two input signals of said
input signal to said at least one of said Latch Adder are synchronized by means of said

at least one of said Latch.

12. A digital Multiplier set forth in Claim 11, wherein said at least two input signals

reduces spurious switching upon synchronizing.

13. A digital Multiplier set forth in Claim 9, wherein said at least one of said Latch Adder

is controlled by at least one Control Signal.

14. A digital Multiplier set forth in Claim 13, wherein said at least one of said Control

Signal is generated by at least one Control Circuit.

15. A digital Multiplier set forth in Claim 14, wherein said at least one of said Control

Circuit is a Delay Circuit.

16. A Latch Adder comprising at least one Latch and at least one Adder, wherein at least

one of said Latch is integrally formed with at least one of said Adder.

17. A Latch Adder set forth in Claim 16, wherein said at least one of said Latch latches at

least one input signal to said at least one of said Adder.

18. A Latch Adder set forth in Claim 16, wherein said at least one of said Latch is

controlled by at least one control signal.
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20. A Latch Adder set forth in Claim 19, wherein said at least two input signals reduces

spurious switching upon synchronizing.



