; e3e=| 8894: R | <6<T=S" <0 5 FEB 2003 WD 00/ 08549 Broken Stack Priority
>: ncodcr Field PCT/US99/17041 i ~~~~amar The present invcntron rel ateg5tiEB 2603

circuits, angd @RES partrcularly, to priority encoder circuipgry ﬁl-;{gqound
Priori ty encoders provide signals indicative of the lording one (" I"

zero ("0") in a binary word. Usually, a prlorlty encoder wil | “ w \“““\
output lines as the length or er [S i Jary wor d, %}i@“ﬂm mn
vol tages on the output |ines mgnbk " §tf‘ﬁlglp °5é¥n L‘())(Igle or zero in

bi nary word. For exanple) a priority encadan to |nd| cate the |eadi ng'®H& in
an S-bit word may have ei "ht output lines in which at nost one output |ine
has a H GH vol t agell{e presest heesticariclags ta Cirdnsvaid mge)parthibrky. torpeioolye out put
Irnc wth a H GH voltage indicates the position of the |Icadrn; one. Wthin

a priority er?BB%FHCHFV'g%lt there may be one or more groups (or stacks) of
serially connected transi stors which bri ng various nodes to a LOW (ground)
vol t age) dependi ng upon the bit values of the word. To di schar~~c (or pull
down) a node to LOW a transistor stacBa¢kgovamtes a conducti ng path between

the node and ;round, An output circuit coupled to these nodes may then
provi de the necessParrcyﬂg.ewpaipgs nr%rlwﬁpfﬂg'rtdvfé“iveamhﬁbwéewnér( loh@rqcfpthe
word. Inad i gs are
cf ~ar~ed (orqgﬁpﬁ% %llﬁ)‘ to aq‘%il f{bg e Eécr‘%q%ﬁgg%%jéﬁ?r&mp&hﬁ‘fsrhqqi
phase of a cliegkh st gmaber csfrbdshxheanﬁwmomir ard the obluiges ondaesutan ¢ineh indibat ged
by various transistor stacks during an evaluation state or phase of the

ci ock si gnal therikadivgdg oaZE AR H1s ANHY MG HOF FEHTRIG SiGHeEncOLeT 1B pulice may
be limted b R vial, [ d. For a
gf ven't cohnol Sg O PR LRt §U 0o paR AL 3R BAPRGIARET, DR ERRRAHES, o
decreased) i foutpie list daka drOHN®IQEC iheotheaNSt KOLCW(VolRge), tvhercmwmeroucﬁut
serially connected transistors in a conducti ng} pat h between a node and
ground) are ridguddya HiGH wlagaindicaies she B?bl"&nlth‘e’ﬁébﬂépma rcuit, it also
may be desirable t Pt e R or
CMOS ( Conpl enent ar?“ﬁ/@fg? ﬁc&%m’s&g@ fn&é%ﬁtduﬁéf oin?y n(%ﬁ]g%%?oﬁj é&"éﬂrﬁ‘é‘& tg Kk
dept hs nmay bacddsi cableeteduandinotshenisiobing {'ﬁﬁbub@dd(.se(ﬁ feCtW (fiound)vehlage, 0 5 F
E B 2003 wo 0o/ 0sha9 PCT/ US99/ }704% Ther ef or e, i s deS| rable to reduce
the transi st GFPEIHRBKVBRPIRSIVAYSS P Fﬁctvgpren%%@“ewem Idownyajnege to LO
Description of : & r=tyate find o

br oken stack ﬁgqltngfr%f%né% (lr)cngcri ngonaua& ?lén errge gﬁ%%({% 38 g&g'?g%‘{?g&%ype

br oken stack cptumtom;}dcerccmdgrnodaehmy Ille:d poeade ilptnbansof signalhodicrend the e
begin with tﬁ:rm nol ogy. The two-el ement Bool ean al gebra is relevant to

swi t chi ng ci %ﬁil“tcs’”?ﬂoahy‘ Ejﬁ)i“r‘?f inacircuit) the term LOWwW || denote a
set of voltages Mgl JBinb MryRAGicy lypklMioinPeBml: €A EL RIS are BMMIaLd\E: L 7 M
f-11GH will denote él set no rvg ta’gCZsypt Rﬁlo ‘\r'vﬁ%"g ?-)Jrgto t“ e ot erarg tﬁLe

Bool ean el enpntled uph® szi(Bkultagc duaimge wé-chobt sigesr phat ofraplolchtngnalhmd

Bool ean el enents de en he technol used) and may be different for
different patfd meo ﬁﬁ@fu ¢ gp “édf"t‘ﬁs‘g\“fﬂ 33%.%"&&)&@5*@!% Rfspping an

t er mi nol ogy) cweuﬁth@rl Lmﬁea& ng%tof@hcvﬁbél@g%ndlS’I‘Ht%c(d"ﬂtghxéh)aéicfmﬂnB heligngs to
the set LON(H go follow the Convention that for any g|v n node
within a ci rccucd:c)cr k:ﬂAbpcrhttcage@earmudceb,)smtlspdel Ghichohd agess nédes cnxhbx:
particul ar enbog ntl§ descri bWere , we shal}l i ncur, a sl ht t,
usual ) abuse SEOHEESTYR BYEdFS ResPeet MaY pe ingiapsed (hfgdip edﬁ have
been defined d@érc?f&ldg?fg\ﬁ§ stad Od sd&*!f?% ﬁa%‘r’stté(r 0 lﬁ@ﬁ’ﬁmﬁlrgﬁ anl ICW gﬂeﬁo
represent the two Boolean e nts o eI ement Boo ean’a

w || be cl eanrahsiomr<iont eontluW)fgrpahh bdt@ker a oodel /ot @ piip sre néduacd. ot agietior a

Bool ean elenent. |t is customary to identify HHGH with the identity clenent
for the bi nar‘X,PeBHéﬂré&ﬁ“%’éf ‘é.‘f‘i”cb‘n“ANQ ra%qufsvetéﬁtq reguqedhy sredephe 19 dent ity

I f I |1 d
ﬁe?gengucgraa&?cfg |ca%|%0§&|rtsﬂg§a(%h§]| n@‘)‘ﬁ&g% rt?;ﬁdebklcffﬁ d|ut%lr a??y) O\zgﬁd it

shoul d be appsceabRig9Tretiticihg §thek qUpaBaniy bdWerhbiOBud ® (heto- J:zlmftitb@dy &¥ect.hi s
particular identification of vol tages with Bool ean el enents. Let an 8-bit

word Wbe expressed as ~B~ Bb ~ ~ ~ B ~ where ~~ is the ith bit of

| A

*GOO002*



word W ~~ and B are, respectively) the nost significant bit and the da'ﬁﬁzm
signi Ficant bit of word W W incur another slight abuse of notation

I'et B~ al sowdenpéss®m vol t age and Bool ean el ement) and wi t hougct0s®,10643
generality we take B~ to be HGH if the ith bit 05 F E 8 2003 CVO

00/ 08549 PCT/ U599/ 17041 of word 1V is 1 and to be LOWVif the ith bit of

word 1~ is 0. The ?%E@ore"\ﬂ desi bIRb e;dggéejtﬁe%m&&esq Ina?th@h@gwggﬁg&ﬁp. of

a conputer system smp ers toa y tu own in
Fij. | is an @maagi ment prlorlty encoder | UU for word W The out put of Pig.
lis the set 1L' r~' ~~~7r1, ~, where an ~~ represents either a voltage
or a Bool ean el enent, dependi ng upon context. In Fig. 1, a set of values
such that L', = LOWfor all r ~, = .80d ~~.= .cates that the |cacling
zero of word Iii is the bit ~~ Br“iramscnm'?_ra!xl/‘géd'gﬁlﬁi then word 1V has no

I eadrn; zero, i.e.Fjgallks .In%%dhﬁcxfl@'fn\ﬁ&ﬁnﬁcg@ﬁfbroﬂeﬂ 55|c5pr1bmytlncodcr1~ , and
~= represent voltabes or Booi can el enents ependi ng upon context. As

vol t ages, they repFesémanqm@dvmtrtt@@eslﬂfl@)rypﬁbFOHL@SIﬁ@TB“QTﬂHWEG@CY Oxi de
Sem conductor Frcld Effect Tr ls(i%r‘ ][ “I nd 18 respectively.
When consi dered as Bool ean el BR@HE criplionof Embo@imgnts™ o1 o given by the

Bool ean expr essi Oan'bgngvaﬁ'! tefHinld3y. The t¥o- elg’ﬁcnTlSUBl’é%l@lacbrVW@fc?evmﬁlﬁBOt es
| ogi cal (Bool ean) AND. Fig. 1, domno gates 122, 124, and 12G are used

to provide: Awwu,h:m»cl;cuamfor;ny pcahttxhcmwghuxottlmtcrmw vaf! decogica spamfo@ltnga; be

enmpl oyed. A s of S node ~—~ | abel e
SO Y on o DBhrhn M nE of (bheve Brslam Keers. g 4R S ISR i dez Aol

vol taic or BO@A;?@@S WA Msp Ao AR J>P<§<rmed@e%@cegcupﬁnl@m,@m,w:y}h—@ﬁégrec(iro
signal CLK is LON( ass or groun pMOSFE 02 are ON and nMOSF 03 is

OFF, so that adllagm)tihesmap mtashmrB}@mba(mptclrdced dapdnds@pbit Bl téchnology Thids and t he

pre-charge state eval uation state ase), |S.. char cterl zed by
CLK bei ng HI @&y b g%ﬂﬁ;r%fg V&F‘M‘“Gﬁ“b‘ﬁ&@érc‘ﬁ% @‘E P’é‘ &F and

NMOSFET 103 i I
dependi ng upo%”ﬂ?e Vi luﬁéegg\#l%q{rgqﬁfghﬁequgw b‘i’ld?% ,pg bg??egwgpc %fl\?/ll)‘smé'/rs

10a, 10G 108(HIGH), Wandkol {dRoanke ainveralonabye $orBray, gl\lcn:mothr withindg ci6quitah@®W
Ir:EsBpggglg)vel Y, v&pagcg Qrg lcsgtlheag [‘?IG]'PN[?lSaECI:ESTS | 14) 11G and 118 are at 3 0 5
For the particular embodiments described herein, we shall incur a slight (but

usual) abuse of notation by allowing the terms HIGH and LOW, which have been
defined as voltages, to do double duty, so that HIGH and LOW also represent the two
Boolean elements of the two-element Boolean algebra. It will be clear from context
when HIGH or LOW represent a voltage or a Boolean clement. It is customary to
identify HIGH with the identity element for the binary Boolcan opcration AND and to
identify LOW with the identity element for the binary Boolean operation OR, and this
custom is followed here. Such an identification is pedagogically uscful, but arbitrary,

and it should be appreciated that the present invention is not limited by this particular

identification of voltages with Boolean elements.

B, B, - Bo)

Let an 8-bit word Wbe expressed as ( ’ B

where “¢ is the ith bit of
word W. B7 and Bo are, respectively, the most significant bit and the least significant bit
of word W. We incur another slight abuse of notation and let B, also denote 2 voltage

and Boolean element, and without loss of gencrality we take B, 16 be HIGH if the ith bit

2



w0 a0~08sa9 PCT/ US99/ 17041 voltages ' 'S~ , i =0) |, and 2) respecti Vﬁ%
During an eval uation phase, it can be seen CGomFib. 1 that the val ue EB 2003
node N exp{espfdsdn tcnns of the bit values ~', , i - 0, I,PCT,U593,70q“s

given by rV, =~y where the over-bar denotes Bool ean conpl enent ano{

product indicates the Bool ean |1 ND operation. The about expr essi on assurres

that a node, i.f disc i nb path
transistors, i ‘?LV'I“& %“Pz @%gpé‘g ﬁurflllrrllgn%éh\e"oréjval uat i ocn[c”ﬂa 8rd -ﬁhf‘g‘ 1o
assunption d%@%Bﬁ’ﬁ;sé{P@ﬂh tHeayvsraRasintAnesmplieAsydRHe Hrnd at\l?tﬂd%%ﬁl‘} héfeg 10 a
frequency of CLK |If needed) in sone enbodi nents hal f-keepers imay be
enpl oyed at threrMogés to keep themcharged I-11GHif they are not
di scharged to ~~rqurid patential via.a condyctin th of tr s stors. Note
that in Fig. | thehgRpnn rco#nlsaﬁyc%%mm P&PBUer’C%%f}OBcB%WfHSB t103)
is only three transistorsg It irable to keep these paths as small as
possi bl e becausg. t1h9mdlsac{1%rgce i f“ofcrcaamyfvna:qb@stmsdammmho@@m t he
nurnbcr of serially connected transistors dischargi {g the node to ground.
In a sense, tﬂ@@h@natekne@f dependenssenonsonigxtyin Fag<l, axegol vpiugs segidhatl2 is
"broken" at ng de = 0. 2, and 5, so that sone or all of transistors
114) 11G an pr(ﬁmrdlle’ by@as‘s= Hé@fhubieqaweemltthebechngde@ cdvedrg Mok
Hence t he narre brok n k" priority encoder. The outputs E , i =0, |,
G are ibdi Batif vé oicﬁ&efonoﬂle thol vardd¥ hasi o eagng zirat ies. AR20e bltmfdréVms of
node Bool ean val ues, the values for '~~ arc given by E,E, = N, . In terns of
t he Bool ean SFC e i nput s ~B' B6 "' po~, the ~~ are given by
E, =~13~~I3A i~ A= 05 FEE z003 wo, ooi oasa9 PCT/ US99/ 170a
1 The abo~-~e tvvo g%glcean %xpre |on§LPé‘i5%’“é(a P8F4108 BOotean tihmeas adRTBHANS t hat
Ex = HCGH i f P 5 + o
1' hcrcforc) tlﬁ ?T‘gé))él J!\E\Eﬂm u Lt@/r%{i[glscg %gce\r/]aﬁﬁL%gorgmgc})lsgéﬁylrérc]gz)gdrdc
entire class S@fmmﬁodbnE;MSEﬁtm Tamyisworld4d ~1146, ofd HSbidspatiyclywowdeh engt h N+1,
denoted by ~B" pN-~ "' Bo ~ , may be described as foll ows. Choose a set |

of Iv'+ 1 intkegadacdasBdsiéhn clethents, AO.,.’,'Jand-,AR wird Biveénby it Bacddantdratesfdods nc
the '~"+2 suns Sr , k = U, 1, Note tha:t_ s~~b: N+1A ~Il, =N+1. a=0

0o = Yo * L

A =By BB,

A, =BseB e,
where * denotes logical (Boolean) AND. In Fig. 1, domino gates 122, 124, and 126 are

Aﬂ, Ay , and Ay

uscd 1o provide . although other types of logic gates may be employed.

{NO‘ Ny Ny }is labeled in Fig. 1. In addition to being a

N

label, the symbol N\ is also used to indicate the voltage or Boolean value of node "/,

A set of § nodes

depending upon context. When clock signal CLK is LOW (Vss or ground), pMOSFETs
102 are ON and nMOSFET 103 is OFF, so that all nodes are charged (pulled up) to

HIGH (Vcc ). This is the pre-charge state (phase). The evaluation state (phase) is
characterized by CLK being HIGH. During an evaluation phase, pMOSFETs 102 are
OFF and nMOSFET 103 is ON, causing some of the nodes to be pulled down 10 LOW

depending upon the values for B,i=01,T7

The gates of nMOSFETSs 104, 106, 108, 110, and 112 are at voltages B Ji=1,
3, 4, 6, and 7, respectively, and the gates of ntMOSFETs 114, 116, and 118 are at



.. h+1l) as r-~ Sr =-n~, k >U. ~=U S~ = O Partition the set of order@g
integers {0) | , ... N into K+I disjoint sets fk , k o, 1) ... FEB 2003
ordered intaobekgoslpere ~~ - ~5,~, (SA+ 1), .. (S~ t)~ Nog,@T,bg 17§1ne
nunmber of elenments in the set ~~1s "A, Label the elenents in A", Trom
left toright, as ~A{il." =0, 1) ~~~ (nA - 1) , Define a set of h'+1

val ues (Bool ean or voltage) ~A~ "4~ , ... A~ ~ where AA =~ 13. ,Er, Note

that Ar is theliaged c‘a,lz D, afd 2 retperiiely. Oriring ahlkealabdweptfase, rmdan$>a‘5eea1n
enbodi nent can now be described as follows for any chosen integer set 1.
There are N+ifroadeg. ~Nat the Malue for nodd, N, exprestedoyitPagSofshalsik velhesK+1l NMOSFETSs
connected in series, and a broken stack of (N - h~ nMOSFETs. The broken

stack conpri s&s if4Q, gro7up§ enpy~ 0, 1 "' K of serially connected

NMOSFETs. G oup G- conpri ses 2 -1 serially connected nMOSFETs | abel ed as 5

0 5 FE8 2003 WO OO OS~-19 PCT/US99/1 i0al 1, -1, ~ "t ("~-1) .

The gate vol tage of nMOSFET GA ['] is pY.t=t'|tB,, where to avoid subscripts

wi th subscripts we have set f [~, rr] - le=(l ] . (This |ast statenment nmay
rh r rl | i z noon? th i i L~

BN 8 b Bt bardiintys Bl SRpEmentindifie Bl iguiRotee Beofadee

val ues arc th,eNg)agée_chant ages of the nlvlICGOSFETs in the broken stack.) The
drai n of nMOSFET is connected to (or defines) node Nrt~~"t. Label
the h'+l nMOSFETs Tlm: :tbtmecbyprpsaw staroks @ast £ rddekilpot discha@ied1y ground vialkk . The
gate vol tage of nMOSF ~~~ in of n FET tf [~
defines node ffuciEie Pa”hﬁ)o‘mﬁ\ﬁelogw*t!éwtﬁ"%me@ ripg tpgevalya HOL BT ¢ o
the source of ,BMBERadatnds tpon 1hd capaditan€OBE i AYE dnd8hdeFiedH;fe f drhe
above errbodrrneLWf or ‘ﬁ’é ScU ggen ng t‘egenr set f, a]n pLI\/$ 1 |srw£]8n ected to
each node andChHEslfaegdtdeinconteraphboeliinénys halékaglers rsngbxatmﬁtbmd aniek revdendOSFET
is connected to the sour and has a gate control | ed by

the clock si gifaP fankeh &‘é’r%@?’éf hwmatd'ét%mtg "euupptw“e} Viga (N

- 1) each hay, elL, ,r 01)~~~(N-1).Each
out put ci rcwétdmuamggﬁﬁghf%gﬁ(ggtlabeI cd as C(0) and C, (1) havinj voltages

C~(0~ and C~[ 1] rféeqeeb:tuwélgyl tfe-pattfrom :myrnodotaagnoomd (ot pmrrﬁmgangSIETdoubl e
duty.) For an t circuit C, - 1) ., ut put
voltage is gl éj)H)LL"ce '(‘.‘P’{S(f]‘orsd“s(dci’]“?b'c orlise these é’?}F‘ i‘sss%lrﬁté’@fsé ®to node
N~ , and 'npUﬁechsc[tlt@-&s&ﬁu@qnﬂ@%r%qyIththQJ@ Mdznru Eh@hcerﬂp%r%?@naﬁ&so has
an output voltage E~N definhed as the output’ voltadge of node . In terns
of the Bool easpnoecttyl transmpars disejpdrgiBe the nd8o+o gidundaln ltxelushttmttf:haftrnmmof&~
are given by NN E ==BA~I3~,i~N, t-,.i EN=I3N. 6 0 5 FEB 2003 WO

OO 085a9 PCT/ 1Y89904,708 111Dhandabldvie ““brobeBom Inedes xpr=e@slom$53aoeh:eqminvat elht to
the statenent that, BK +i

~ are all H @l trmqtﬁﬁ)ésr Wogg_{atwa'é B@\c))'g}cya t;yfpag-}mt:h tlj_c%{'\t/:caﬁntﬂcse nodes anlé nround

Hence the name “broken stack™ priority encoder.

The outputs E, ,i=0,1,...6, are indicative of the node voltages via logic gates
120. In terms of node Boolean values, the values for E, are given by
E =N, o N”, NE W
L, =N,
In terms of the Boolean or bit inputs (8, B, B°). the £ are given by
7
BA . H B iz,

=i+

= ~’:l~

E =
E,:



formali sm describes a priority encoder. An optinmum i nteger set can be
defined as that inte~~cr set which nunimzes a cost function. One 05 FEB 2003
particul ar sasdooBsmacti on i s the maxi mum stack depth of transpstOE®, 17041
connecti ng each node to bround) including the nunber of ternms in each
expression for "~~ . Poi sinplicity, we do not include any cl ocked
transistors in the stack depth. Including in a cost function ghe number of
terms in cactlihc Bbotcdme Bapewssipmssiboy we eqiizalpny odhe selcmentithdse vHlGHE-Es ate
obt ai ned by dom no I%gi c ~atcs rfqgnni ng | ogi cal ANDS applied to the
appropri at e ted osly+-°s =flddW heh Hhe”numb&r of a8 dldbH dhdnrd, shd erdbatimene of
the stack depth. of such dom no | .ogic Ggat es used to obtain ~~ . Such a cost
function C(I 9 Figs ! sbican he8e APTPEIN WRRIFhe stack depth for nodes f | ~rrn ~ i

=1, 2, . . A A : = . ord Vo fSeikeal Wi iy ~
| The st aek deptitgire gibsdor dfgmafinerts for any wprd ol sk word Jengfl A1,

) I -
~ ) . Note, however,g&haﬁ theBrr)axi mum stack depth for the nodes ~NriA "i, -~
=0, 1, ~ " Kpnqed by eal I'y"% + P/, maythe desariped asfplervsoEhensy REBFEIKHIn t he

by- pass stash. The nU{Tber of terrn.~ in the Bool ean expression for A is
'~~ . Thus, Wg.&an/Wikera cost funceilonag.(h' +1), yt~ k=0O1,...h"}, CJ)
= max ~(rr~ -1 ¥ h - k),i =1, ?, ... (n~-1); k=0, 1, ... h~ Then,
given N a particular optimumintegerdset is aset | - ~"" """ """ n~wth

"~ ~ 1 K ~n~ = N+1 where ~=o0 such that@(F)N=lgi nC(J) The above integer set
is the so-called "mn-max" solution. {¥ can be verified that for a word

| ength of 8 (4§ ..e. ,=, 7}, tthe m n-max, i nteger set for the above cost
criterion or %ff”‘c B’CQJF?EE]’?’O(%‘Q’ W-DOOQ)%CngQ‘”PCT/ US99/ 17041 Function is unidue
and is ~" | ' 3, 3~ , whichis the inte;cr set for the emhodi ment of Ft~.
1. O her cost functions may be chos@p:fpr,,exaﬂpl e:, if the voltages ~~ arc
obtained by circuits in which the stack-depths are relatively small, then
the follow ng cost function may be gf zwtilrty: C(1 ) = max~(h'+ 1), ~(rr,

-i +h'-k,i =1, 2, ... (~~-1); ~=0, 1) ... ~"~] Oher cost
functions ”E‘}(Jopezh?[ﬁsﬁd =upyon!an average stacJ; depth) rather than the

maxi mum st ack dpept . The average may wei ght the stack cJ~pti~s according to
a weighting factog,_if. i ri.ori i nfor7nag,. ..Seni.c . nocl~s, ~irc
more likely to boPablioh UL Ser'of peRLyiRkert {Q'h'é'm%}-’m}xkg'g%?@g‘gﬁ&ﬁag'Lé%tf~~
tt~ore consenvatg o€ oadepidmtdrerddulicr€l early many cost functions may be
utilized. It should be noted that if the integer set is chosen such flat "~
=1 for all i =0, 1) ~~~h" | H{sn(Is‘~+:r)‘N.(5;t.he1)r}esulti ng priority
encoder cl~~cnerates to the cast in which there 1s only one stack (one
by-pass stack, and np broken stack, excluding any, stacks to obtajn ~~ ), and
the stack delé't"ﬁ tﬂ%‘r‘gﬁBH@bﬁFof‘ngV‘%mllg? SeFhis's f‘o}“dl?‘l(,iulg}‘él‘t”bcnbsema ‘bfSken

stack, there shoul d be @at;j(icagt), ong Lnjeger "~ in the integer set for which
r~~ 1. Sev ‘a‘Prk‘%?’f'd‘Pi t‘y]elncoderr@rrbozﬁ Hi“s"%féoﬁ&gl’i”ﬂ‘eso(%ﬁ@}eépﬁr may be

conbi ned t oget her rgtha sin%le priority encoder for handling lar~;c word
| cn~ti~s. howdexpﬁé @,'forAa Gvhebd t word, four priority encoders for N = ~
as described herein may be used to encode _ej ght 8-bit blocks of the 64-bit
word in a parallel fashion. Relativel yA,s¥igl# |ogic gates may be enpl oyed
to indicate the | eading one or zero of the:64-bit word based upon the
outputs fromthe N = ? priority encoders.

Note that “ is the logical AND of ™t terms.

Using the above formalism, an embodiment can now be described as follows for

{No‘Nn"'

any chosen integer set /. There are N+! nodes Ny } , a by-pass stack of K+

nMOSFETs connected in series, and a broken stack of (N — K) nMOSFETSs. The broken

stack comprises K+1 groups G k=01 K, of serially connected nMOSFETS.

G

Group “t comprises ™ ~ 1 serially connected nMOSFETSs labeled as

5



Various nodifications may be made to the above di scl osed enbodi nents.

exarrpl e, clocked nMOSFETs may not be needed if the gate voltages arc 05FEB 1003
obt ai ned fronoabhesigdonm no | ogic gates in which inverters argcygRdebgipeen
the dom no logic gates and the priority encoder, for then all gate voltages
will be LONduring the pre-charge phase. In this case, the source of the

| ast transist\% in the br ken stack is connected to 8r@ nd On the ot her
hand, if the Voltdges += Ehe ho’t“heohttawﬂet(ziew{at\mﬂﬁﬁ‘ro glsc dfat eshersto 0 5
FEB 2003 wo oo/ ossa9 PCIT/U S 99/ i 7041 then a_ cl ocked NMOSFET may be
needed at thessqurEscapishiie duasdripty wasivtser /in'Jthe by TnaSs: St-agkent Iniays houl d
be appreciated that the enbodi nents descri bed above are of the dom no (or
dynanmi ) type pehBpst takhoMAdab AL s PEESH R Qi Bat Hele@hg 8 CpuF Bd Sup) Sl Gdm

bef ore possi be bel ng di schar~cd (pulled 50\/\/n) by Stacks of seri ally
connected transistors. tpv\@ T, Pher cnbodi rncnts may include static type
(dual -rail) cHrEctREdY =1 h 't hé'st at'l ¢15¢dsse"eCton & hopOERE ‘fcr%théf‘@t"@t‘éa‘ﬁr‘lf”ﬁot
needed, and for each rel evant node one or nore pMOSF T[§ ar ¢ connected in
paral l el to puMOSKHETsIinghalsaken siackiThe dyinal BMPHET Re ]pmrrewda@ €0TON.
Whereas in the dynamc R,ase all relevant nodes arc puI |l ed up HHGH during a
pr e- char ge phdsfencansode sdbéettabohhtbtelrrM@SEﬁ”tmmohtetsy pss path &d down LOW
during an eval uation p in the static case al], rel evant nodes are

ei ther LOW or [W‘é}ét Qf[] dﬂ&@&ttdldag\gothd)@ﬂ‘EY M%u’ht gfevczhin cdependl ng
upon the current gate voltages of the various nMOSFETs and pMOSI' s. To
avoi d cunber sggydrer Bl agineswg s kil say utclt%t,rte o h RS FEfT Hmﬁ%ﬁnwtd s
down a node LONVif the stack brings the node voltage from1-iIGH to LOW
or) if it keeg,smg hE.APde OWEET Chle, ndde is already LOW A sinmilar
statenment applies to pMOSFETs that pull up (or Icecp) a node HHGH A static
enbodi nent is easilly cotnmratcnmjddsynpmm\ldfymm:ﬁ)oac dmhadnmne(nbthdmhem iasgfadel ows.
Ret nove all cl ocked g}hélerSF ETs Ioc ed nril OSF)r gg mthe
dynani ¢ enbod{ eV ORREL d° $4RALS tooce B Phé a'ccméf led B reledrisny! a

cl ocked nMOSF ,arc now ted to d For nected to a
transi stor stgllb gpd a’eﬁ["t%)ﬁ%’pﬁﬁamﬁcwg E?Efccé?éch v !tNh’] anyhas 18X nnect ed
to N and a source connected to a H G{j vol t age source, wherepeach pMIGFET
bel ongi ng to £PErOAGEEY PMVERHETEN &L -Ka Thereare OHEE HEFYD One ano'l only 6ne of
the gates of the nMXSFLTs within the;Liansi giary stack for N~ .. An exanple
of a static pF?CBrh“t’V‘gF%‘c%’életl Velb‘tarcespondl ng to the Wr?é.’fﬁ”éc’ﬁ?‘i'brlt‘V Wlcoder

of Fig. 1 is provided in Fi re.correspo g e nts in Figs. 1
ond 2 have thBrakdababey CE gt G h%’l”lﬁYoét"“‘tso@g@]g”“dltﬁf&éﬁt“t"ﬁb‘t t he

sour ce of nMOBE, nsistors are
del eted) and pfgrbékgﬂéé E@ﬂgﬁﬁgﬁg‘%géﬁﬁgggﬁg”ﬂghéﬁéﬁﬁh g ove. 9 05
FEB Z003 wo 0@t oas PCTAUS99/ 17041 | should O @RAT egi at ed t

ot her enbodlnghts gg& Fﬂﬁluge“t@6WHdPh&f‘6PH€P ¥ han %HJPCS?HFUW”E£QW§We

ot her types of | GFETs (Insyl ated Gat ield Eff ct Trapsi or) r FETs
(Fiel d Effect CHngrea dq a?ec)w 'we@ Féwalwg BA9U5 1t i NS and
pl vl OSFETs descrlbed above. ticnerally, other types of tranS|stors)
such a5 bi pol &ls® ?Sr%[h%‘i'lﬁt“o‘toé‘a tfeﬁné%t W@&‘H%%‘tl@éﬁlogtoqehe nMOSFETs and
pMOS FETs. In other crnbodlntnts t he outpw@i E~ be conpl enented, in
whi ch case a LOW outtautxssmwoortmwsteﬁnpuaf rF&tl I1Mh(b@tsht1@n®tﬁatﬁl|ﬂe

| eadi ng zero bit. Funlrernore) any |eadin? zero prlorlty encoder is easily
converted |ntdlamh§ag1@g one priority encoder by conplenenting the word 6V.
Therefore, the termpriority encoder enconpasses circurts which provide

out put signals indicatrve of either t | eqtli ng one or | eading zero of a
word. Consequently, it is cle,> that ny i.fircdti on nmay be made to the
enbodi nents described herein w thout departihg fromthe scope of the

i nvention as E,=8B,.



cl ai red bel ow. 10 O 5 FEB 2003 What is clained is: 1. Apriority engc gﬁ
conprising: a by-pass stack conprising first, second, and third nMOS € 20
br oken st ackvoofo/osMISFETs conprising first, second, and thirdpgross8;704
wherein: the first group conprises an nMOSFET having a source coupled to

the source of the first nMOSFET in the by-pass stack; the second group
conprises first arid second nMOSFETs serially coupled to eachrother, where
the second nVDSREIVE ByoBROICBESRIESYPBUYC KL VARG S RHDPIerR o T REOB Hur ce

of the second nNDSNFEé intheb Ppas)§ stagk; and the third group conprises
first and seeoheniMOSEETOWernd Fy' chapl ed 6 WdtiRbilhee/ognae abavee second
NMOSFET i n tEe tarlli r% gcrpq%gahgg a saurce coupled to the source of the third
NMOSFET in t cénTb))§ISa§ TagRM03Y e er ority encoder as set forth in claim
1, further conpri sightindiin HédRukeiGhh BYidefih@ RnpMiidecatet\aash n@iimiaoht age
indicative of the | eading zero of a binary word (B~ B~ . . . Bo) if the

gat e vol t agecodt ferionMOSFETti¢wlan dest fiincgon gribumakguimdpaiaddpifeoofanBstors t he
gate voltage of the first nMOSFET, i.n . the secondb roup is indicative.of B3 ;
The gate vol EAUECHRE F5h nOUE Bl ORNbARRsdng aTembeb o BB pCh SR HAIB AR ve of

B4 ; the gateyvaltage.of the first nMOSFET in the third group is indicative
of B6 ; the gat g%%%@h@éwf doriigt & ‘dﬂnﬁw&}sﬁ#‘rﬂwsm@wh?mclgf’%ﬂ&lb i's
indicative of B7 ; the gate voltage of the first nMOSFET in the byapass
stack is indi@4dingings CEhBNBHSN B4 VEasF 855TBRINEEE) Bopiedecx Resinder f“o@i cal
AND; the gat QvaYrQ\lutcEgtethstc Jomgn&%qgggaxng%g@rﬂir(baltopi@ o3 Qﬁ&ﬂﬁ}‘lgfolgiclaﬁ

i ndi cative of the Bool €an expression nd the gate voPtage of the

t hi rd nMOSFET, \i ) - i i Bdi ' . [
e
. : U . ) ‘ ; Cat . ' on | Cndi cat i ;
Therl eading SRICURHE G SELEphDRIAYIIRIRNLE RIS AIF CRIAATR. D0 6% L ©

| ; ;' fi . ; . ativ ) h

gate voltage o tﬁgc?%ﬁgﬁ\?&&ta@ ib ?ﬁ&xr&ﬁqypoéfogx"ﬂg &Q@k'd\{. lhOIfO{ E’odcs the

i
gate voltage of t ET in e secon roup is indicative of B3 ;
the gate vol tfage of _the second nMOGFET il the second group is indicative of
B4 : the gat \/bl"t’];gé' of ?’ﬁe gi’ p];/t[%hﬁosf—ﬁi}Tisi(Hkt‘hé}‘tﬁik?u’rlgmm depihi foeli cat i ve
of B6 ; the gate g/oltage of the second nMOSFET in the third group is
i ndi cative of B~ {N Q,/gatoel,veli{gag el jthg first nMOSFET in the by-pass
stack is indifesi ve;“c')f t he Bool a‘ﬁe(expr es?i-M‘%B%}’CWé'ﬁ% thg@ABE §edi cal
AND; the gate voltage of the sec_o_r_1d nI\/DSF}E‘I%' in the by-pass stack is
i ndi cative ofi.thg.Ba0hean Expredst &n!.B2 B3B8, C;;Qaﬂod\’imtewgﬁ'%ﬁl ;}(B%Ec"i‘gﬁ of the

third nMOSFET 1 n the by-pass stack is indicativée of ool ean expression

BSB6B7. 4. Thg F@fs‘:BYhﬁ%fBﬂgrsm@}? ']Srﬁ:tnjx%ctrlaf [P CnahdB dolchMEL IS on for All

conprising: at |east one ocked transistor to charge the drains of al

sai d nMOSFETS, 4,0, GH d 'fﬁ“q"'@‘kg‘qéﬁ}@ﬁﬂfﬂ“ is in afirst state, wherein, based

upon gate voltages of all sai S, a subset of the drains of all said

NMOSFETs is discharged to L ,i+fl)t@=; g(J__o@kl si grPal is in a second state
conpl enentary to thq;(flbgs,;m ate!" U4 i '

{o =i+ K=k)i=12,(n, =1); k=01, K}

. . . . . = . >
Then, given N, a particular optimum integer set is a scl ! {”0 Pt }wnh n o2l
K
an =N+1
where =0 such that

cl)= mjinC(J’)

The above integer set is the so-called “min-max” solution. It can be verified that for a

word length of 8 (i.e., N = 7), the min-max integer set for the above cost criterion or



5. The priority encoder as set forth in claim4, further conprising: an

output circuit to provide at |east one voltage indicative of the IeadiﬂrﬁngB 2003

zero of a biwwgswerd (B~ B6 . . . Bo) if the clock signal igjsdbhgpecond

state; the gate voltage of the nMOSFET in the first group is i1 ndicative of

B, ; the gate voltage of the first nMOSFET in the second group is

i ndicative of B3 ; the gate voltage aof the second nMOSFET in the second
z‘g@ei*ox\/

group is indifgatioues Qfﬁiqﬁ&aridfaw* QA8 Y inleb& skl fo thd WYRidhedibet he

third group is indicati've of B6 ; the 'gate voltag& of the second nMOSFET in
the third grduplis indicative of B~ ; the gate voltage of the first nMOSFET
in the by-pass stack is indicative of the Bool ean expressi on BoB, where

denotes | ogical AWbheitdig Gatontohdyagehodent he csempRdi MOGTEEd (1 tfee by- pass -
stack is indicative of the Bool ean expression BzB3B4 ; and the gate voltage
of the thirdOohNMISEDY qirguithi \Wﬁbdwmgg demhs areireialiveht $rodl.ohent the fcg@ow%n

expr essi on BSBGI?~. -12 0 5r FEB 2003 6. The priority encoder as set forth
in claima4, FATPRUOIBRE SiHEY an output circuit to provide at |east one

vol tage indicative, of therleadi one of a bipary word (B,_ B6. ..\ Bo) if
the clock signal @SﬁflT“?L‘ié +sgcgﬂ‘d ~dtd é;l‘%t’ﬁeﬂga'f'é”v& f'age‘ (ES 't"HE}]nNDSFET

inthe first group is indicative of B, ; the gate voltage of the first
NMOSFET i n t Kéhere@siniengiiangpnaysdej basiidamon va apfragsstackidspthg sitteervivinttige of t he

second nMOSFET in the second.group is indi.cative of B4 : the gale voltage
of the 1irst TRCEEETTIR CRE TH Favaeany FEu Sad witoreta®otfi gare

vol t age of th\@:i@ﬁﬁ)‘gﬁﬁ'@tm\@ﬁ@isln rIo_Fﬁqn%Bl%xgﬂlﬂ%xﬂc%otl&.d#r@ax!idrt\!.ﬂktg?_I(BEC; t he
gate voltage of the first nMOSFET in the by-pass stack is indicative of the

Bool ean expr ¢issshaygedoBp onfees: d he demotgipprogticmby piNDe ndre cgatcevvivt tpryeacdf t he
second nIVDSFI%T ill’\l. L{le,b%-(ﬁ).g s stack i.s i[pdi(ﬁati ve of the Bool ean expression
BZB3Bq ; and PHhE YRt B0DFFAGRBPISAY Yt P HCHMOSFET i n the by-pass stack is
i ndicative of the, Baol ean ex ssi.qn .BSB6B~.. 7. A priority -encoder
conprising: a set ,‘“‘ﬁ?“,no{gc{l%?‘t ’Nﬁfc}m‘8¥crl§ﬁ[fs ﬁ%‘&g%?“%’ lE}‘} ﬁass?%’tazlck of
serially connecoad Kgl | GFETs yH K] =0, 1. .. . .. K and a broken stack of
(N-K) 1 GFETs, the brokélhenstac{g 'é%"n%?lfls[é?gn%“?{‘ﬂC&ﬁ'oghrp%"a&fr‘nl%szg),l‘ﬂic?sc.m. K, of
serially connafiéiethetcGEloRS,on@ 36K O5rRUy-Paks SNt $ibBeoken stack, @ ludalgl ny
connected I GFETs G-, [1], i=l, 2, . . . (nk-1); wherein the integer set

I={n o, n,, .stacks othidinahg Jﬁdaﬂscﬁs@uc‘cﬁpmh@moda,}?‘&_ihl NV +] NN or Xhe@e M B, f Or
which n, >1; wherein for each k=0, 1, . . IC i=1, 2, . . . (nt~ -1), the

drain of | GFEForgk sldck, ihereGRBMEGE: @OichR oROHReM “ i the intdeE& rbi Khich 2 >[1.],
where I,, [i] isthe i1 '" element (counting fromzero, left to right) of
the ordered set ofSemeral pmrggengpderi@nbodiments as described herein may be combined

together 1nto a single priority encoder for handling large word lengths. For example, for
a 64-bit word, four priority encoders for N =7 as described herein may be used to
encode eight 8-bit blocks of the 64-bit word in a parallel fashion. Relatively simple
logic gates may be employed to indicate the leading one or zero of the 64-bit word
based upon the outputs from the N =7 priority encoders.

Various modifications may be made to the above disclosed embodiments. For
example, clocked nMOSFETs may not be needed if the gate voltages arc obtained from
other domino logic gates in which inverters are used between the domino logic gates
and the priority encoder, for then all gate voltages will be LOW during the pre-charge
phase. In this case, the source of the last transistor in the broken stack is connected to

A

ground. On the other hand, if the voltages “* are not obtained via domino logic gates,



05 FEB 2003 li,=isr;~ (Si;+1)~. . . (S,;+ -1)}, where S~ 1c=0,
K+1, ‘are such that .$, _~nJ ~>0. ,.0 So = 0: wherein for each | c=0, _{_ISFEBZU%

. K, the draiwo @fessFET H 1 c] is connected to node N/ Ir,, ~I, p%ﬁq_@b@-,ogﬁurce
of IGFET HIc] is connected to the source of IGFET G, [n,,

priority encoder as set forth in claim7, wherein the integer set

' zes G, TonEL i oSep e, bl BISHERC Bk LR Ayt

),i=1,2, ... (nlsadd 10330, 1, . . . 1, 10. The priority encoder as set forth in
claim7, furt her conpri si ng an output circuit to provide at |east one
vol t age i ndi cati ve loshaukdbd mmcmgcctkbnldh@tmbmdamnatrsydeNﬂfDL@nbowdoKIBN BN _,

. . B~ f f hlc
Vol o of nVESPRTS (e RimIC BP At S Sinofsaire prercthed (Al (S 4HBH

K, the gate v F L& ! i :~1~
i EJ, where prgjcfzcgﬁgga%?ggfgéfggf Aﬁ%ﬁeq%rﬁ%gsggl\:%“%% 11 nggILhe priori ty

encoder as settrdneikiolns. Howelved, mhér crhbudiderts @a§ Irkl)de' skaSiclty ey (dam-ily geduite r cui t

to provide at | east one voltage indicative of the | eading one of a binary
N+1 blt Word ( BNB~, p_lhe static cascBél)e qlpckﬁggra@agwswubnotfccdud and f@r eqchlrclezant

(nk - , the %%E%né’S %a&eql\ﬁbSWE@I rﬁztlcgjor% pﬁrﬁ}&%f__@hﬁlﬁ% l?c r%ch. CI]’ \Evhen’ |

for eachkO gate votage |S|n|ca|ve of

Ak, whey a AA; szflfQQj’MOWﬁETﬁLrBmﬁiwt)créifsﬂ@ﬁl&:Sd)Jnﬁ)@icCc 2ANR) rdldanThRiephdeori ty
encoder as set forth in claim?7, further conprisin N out put circuits C'
i=0, 1, . . . puaNedyp PHQW%%%@C&*WW Blasg S%%qﬁ@?%iqva@@oecs r[scwpllgph d a
second i nput h [ Vv

first input co(ﬁowec e {10 ﬁ’od kaﬁai%rldpm c'.;‘?'glehggnawltc?l%u” g'o“&n’?feq '}OQ%’ irggm‘\

N, +i to provi deOWnorWityHItatéokdrag ecdhngbeadldwemotni€val) Q¢ fendlme bR g cud]enot es

| ogi cal AND and the over-bar denotes |ogical conplenent.
ate voltages of the various nMOSFETS and pMOSFETs. To avoid cumbersome
terminology, we shall say that a stack of nMOSFETSs pulls down a node LOW if the
stack brings the node voltage fiom HIGH to LOW, or, if it keeps the node LOW if the
node is already LOW. A similar statement applies to pMOSFETs that pull up (or keep)
a node HIGH.
A static embodiment is casily obtained by modifying a dynamic embodiment as

follows. Remove all clocked pMOSFETs and all clocked nMOSFETs from the dynamic

embodiment, where transistor sources that were connected to a clocked nMOSFET are

now connected to ground. For each N, connected to a transistor stack of depth », add n

N, and a source connected to a HIGH

pMOSFETs, each with a drain connected to
voltage source, where each pMOSFET belonging to the added pMOSIFETS has a gate
connected to onc and only one of the gates of the nMOSFETs within the transistor stack

for N'.

An example of a static priority encoder corresponding to the dynamic priority
encoder of Fig. 1 is provided in Fig. 2, where corresponding elements in Figs. 1 and 2
have the same label. Fig. 2 is similar to Fig. |, except that the source of nMOSFET 112
is connected to ground, all clocked transistors are deleted, and pullup pMOSFETS have

been added as explained above.



13. The priority encoder as set forth in claim12, wherein the integer set

| mnimzes a cost function. 14. The priority encoder as set forth in(Q&IF&Bri{(3
13, wherein Wb@o,@ggﬁ function is C(I)-m (A +1). {n~, ~=0.1,
f(n~i+h"-1"),i=1.2,...1n,-1): k=0,1,...K 15. A priority o ESaRIan 704
conprising: a set {No N, . . . NN) of N+1 nodes K+1 transistors H[k]

k=0, 1, . . up ran |sto each

group Gk corrprl Si nglgﬂﬁul% %O%a?rf’??éetcl)ar‘esd lgi}t e en}b@f’m?ls may inc ”(dﬁkec nﬂlo 115
0OS5FES 200%1h‘é@§1’3n@h’?0§hﬁoﬂd}%§ﬁ?€ O%F ty‘pes SMOFETR (Insulated -Gl Field R | C are

suchthat n,> 1 Ji ~nk=N+1 k~0 Vin, for which n, > 1; wherein for each
k=0, 1, . . Mnsmol) oPFETs (Fxcld(ﬁikc;”[x)ansxsthe tm@nb;a smphow@qngmz]d ofshcoupl ed to
node N,~r,,,~ uII LOW.i f tran5|stors{ i1, j=i,
(i+1), . . . (@ FE{I)'S}angV\@I(Egﬁ:,TS cq%crctp@_dfﬁbov? M@): gencrally, ok}cr HiPeS @N,  wher e

t he latter Se?mﬁﬁst?ﬂl Jucbr OBxplél.n \f\ﬂﬁ{ ]p%s[ l‘naw)lc QWH({)JC# ’msmg J¢! n’Mi)S}]-'I%’i‘ssz*ntdhe

i'!" elenment (countihg m'zer o r the or ered se
integers | k={skiO{BKFs+1), . . , (Sk+r -1)}, where SA, k=0, 1, . . . K+1,
are such that k-~ $k=~n~) k>0, !.0 So - 0; wherein for each k=0, | ,

K, the transistor K khei @nmmmbmd ﬂh@oﬂ@dﬁ B ba corb@eduihibd, GOWRICAREE: 2
N,~ ,,~~ LOWVif transistors {Héj] ' (1<+1), . K} are ON 16 The

priority encod&W aytpyesigha provifes lef@mmrqrsmdwaévcephtht» teadingtzepelit. set
IRRECEE A i e e T ET
~(!'rA-i +K-K) , bridsid.encodck bkté%plc'ﬁrc@hhg the- Word 38 TheBefar el e (B2 @3ty cncodcr
encompasses circuits which provide output signals indicative of either the leading onc
or leading zero of a word.
Conscquently, it is clear that many modification may be made to the
embodiments described herein without departing from the scope of the invention as

claimed below.

10



18. The priority encoder as set forth in claim15, further conprising: N
output circuits C; i=0, I, , . . (N1), each having a first input hggifgg 2003
voltage C, [0] and a second input having voltage C, [1], each output
circuit G having its first input coupled to node N and its second i nput
coupled to node N, +~ to provide an output voltage indicative of C [0]~C
~i where denotes | ogical AND and the over-bar denotes |ogical conplenent.
19. The priority encoder as set forth in claim 18, wherein the integer set
| mnimzes a cost function. 20. The priority encodes- as set forth in

claim 19, Wikteigrimpkiscost function is (f,'-t-1). ~n,,k=0.1,.../,~~, C( | )
= max f(nl-i+h-k).i=1,2,...(n,-1); k=O1I,...h, 21. The priority encoder as
set forth in claim15, fU 'ther CO11lpl'Islllg: an output circuit to

provi de at 1l eastA pmeity ericodageornprdingat i ve of the | eading zero of a binary N+1
bltword(BNBN K, 1=1, 2, . . . (nk
1), transistor &ﬁaﬁsjs‘taci?ggnépusmﬁ?ust %@Z’t%gd Enc?i(m&nMOS?ETs ‘each k=0, 1. . . . K
tl"allslStA - H[allm}kenstaclede(EP\Eé“s ofmpising filve Isecord; and-Bjrd gfoups, wheeie: pr oduct
denotes | ogi ca [ 1O er as _set )
further conpri Sltflgb]él\Psta%OUéJ cto%lﬁltxé% any M&%(Flflgfavmg 359 ee qoup e% {Sottpes urce 8&#‘:%1‘5?

i ndi catlvenMOSHHmel&djymgsscsmkof a bi nary N+l bit vvord (BNBN , . . . Bo) if
]; gg pgﬁ(s:lhvg 8 f é’theksebgnd gr C}US rcoxé%ESﬁs ﬁ'u ét aﬁd séfor J' nli\/IOSl;Elg)s st 1a11x co??ed(r%o ﬁfGF 8%11'61]:, ]S

r esponsi ve vdtkr eAhé‘ semdsrelrlM@SlFET in ﬂwEedéEBngﬁ}Dl&s a-sourcegoupled to thetsenree pﬁ’tmjs@c:(tnd
denotes | o M nthe asssac (g)rlty encoder as set forth in claim 21,
wherein the Th eger M Mo zes a cost function, where the cost
function is ( Kthe t]hi\ld gronpdcqmpkises fldst add seeond nMOS,FETCQerlbll)) couplediio ebch other,

~(nA-i +h' 20 b=y (k=01 K1 24 The priQrit as set
Forth in cihelsBefeqiaMosFRRig o Tl e SRS 05 et PRIE on,

wher e t he odEdSHHINothedry-pass sfakl1). ~n,.k--p,I1,...h"}, C(I ) = nax
t(n—-i+K-k),i1=1,3,...(n-1); k=OI,...h'} . 25. The priority encoder as set

forth in claim15, further conprising: at |east one clocked transistor to
pul | up al 2. nodé&epriotithhencder a§ i forthin claim, 1, furlpt dompkirg:i f a cl ock signal is
ina first stat ] the.tr i [i],
g2 TTTSY TR S LBy R PR Bheofaglbheq e eading oo AR BnfiS |
subset of t“rvedﬂij@as Bvfbased upon which of the transistors H k], k=0, 1,

K, and & [Itllﬂ a'te \Joltage of the thFSF@F’m h@'ﬁps’t %1%u1?_|1s u%dlcan!/(e of@r e ON i f the cl OCk

S|gnal is |nasecon state co ntary irst state. 26. The
priority encoderthegatasveitagemns the ﬁlrﬁﬁnMIOéFﬁT 1115the fegondegnenp iswdisativeiofBs; for each

IN_OHl %EH S ’théaéaté \%ﬂ%e RBR stLADINBEPET ﬁqwe%dtg%ug Qdgdibhivt Or Ii).,l'fl | up node
’ the gate voltage of the first tMOSFET in the third group is indicative of Bg ;

the gate voltage of the second nMOSFET in the third group is indicative of B, ;

the gate voltage of the first tMOSFET in the by-pass stack is indicative of the Boolean
expression BOLB, where « denotes logical AND;

the gate voltage of the second nMOSFET in the by-pass stack is indicative of the Boolean
expression B,*B;*B, ; and

the gate voltage of the third tMOSFET in the by-pass stack is indicative of the Boolean

expression Bs*Bg*B;.

3. The priority encoder as set forth in claim 1, further comprising:
an output circuit to provide at least one voltage indicative of the leading one of a binary
word (B7 B6 Ca Bo) if
-11-



if and only if transistors HKk], k=0, 1, . . . K and G, [i], i=1,

(nk-1), k=0, 1, . . . K, are such as to not pull down node N, LOw 285 F&B 2003
priority encoder to provide at |east one voltage indicative of the |eading
zero or one of -18 0O 5 FEB 2003 a binary word (B~ B6 , . . Bo), the

priority encoder conprising: a by-pass stack of transistors to provide at
| east one vol tage indicative of the Iogi cal Al ~TD of at |east one subset of
t he Bool ean val ues a broken stack of transistors to

B~,B6 . ...and
provi de at Ieasﬁle\ﬂﬂgetvgﬁﬁgeoﬁaﬁec]y{q%\%bré‘? the st rouR BACANS Y1 at | east one

proper subset Oftheté'zlﬁ @Qﬁﬁe%@ﬂle\fﬁt HO®SEBT iffle second gr&¥)is indiBativBoPBJ;0r i ty
encoder conpri sing: pass stack ggglh%bl sing first, second, and third

nMOSFETs; a brom@rgagetvae%e&f the prsgrEd pthg Sﬁ@onfi|gr0§t> is adicabineiof Bind t hi r d

groups, wher ei Nthel AR Voltigdtor the GHP nVIORPET S Se and@l\@EEEITm&h@ve B2 source
connected to the source of the first nMOSFET in ass stack; the

second group coisraatseltageodthe seran&BEBREE hibisHETS 21wy | isa} C}?“chﬂfﬁect ed to each
ot her, where t h%é%&%ﬁagam%& hIOSRET SLGOBAPAE QbR iHRAGicA1vE OHHLE BosiANeCt ed
to the source of the second nMOSFET in the by-pass stack; and the third
gi ~bup cor’rﬁ]‘m@?é@nﬁo'lBst”hﬁﬁdd@’@@émlchllmETs serially connected to each
other, where t h%1%@6%%@Mﬂ%’%’?&'&ohd‘nﬂdb@ﬁﬂnﬁﬁ’e 1L R s 1ﬁ‘d1§a(ﬁ% SBnEREVIGRT ed
to the source of the third nMOSFET in the by-pass stack. -
A, . A% A, ASXIARESIREBAB R Mifh. A@ A, . Ale. Ay. A @. AS. AYf e. Aye. A@' A.@
8>MAf &u 7 x0 the gate voltage of the third nMOSFET in the by-pass stack is indicative of the Boolean
" }xsni c”Y] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] €a] ca] ca] ca] ca] ca] cTa] ca] ca] ca]
ca] ca] ca] c&ywasswaBePattoa) ca] ca] ca] cal 5DQ i ~v&EEWZ. * ~ysnhc”Yni cY] ca] ca] caV
] ca] caV] ca] ca] caV] ca] ca] ca] caV] caV] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca
, Qaald! ! 11 g K" QTjhe prigpjty encodor agsetforth in Ay EuthPCAMEHES®4] ca] ca] ca] ca] ca] ca] ca
] ;a}é] ;gégg\/] ca] galksabsadsRiSahsabrakrad £l &ahs 8 ki alvesdreal ealical ca! ###393
APUBX
% 94 9BYDYHIIRID &S BB A SRR Witeifih PAApd tog seiap elpgpe o Pl 83 eMPSEFEsap 8¥pda] ca ¢
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U\/]caU]ca]ca]ca]ca \1 """ a(k(<)@)) ! *, *:*>*xZxp*****E+ ), 0,8,G
- F- ~xsrrhlS]"W]\‘7’é]F’§B\Y 185 =8yt ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] ca\/] ca] caV]
ca] caV] ca] caV] ca] caV] ca] ca\/] ca] ca] ca] cajcaljcaV]jcalJcaF-N-Z-----2.D..........
KW o)) Ogzoauzelval bl vl i) W s gl calcalgal oo el calcal ca
WV] ca] caV] ca] calh G)at})@t&\ﬂslﬁﬁtbﬁf’)ﬁo\ﬂcﬁa] 1@@%@%&@%@@6&2&%#@8%4&6555bi53-§; 55555
66r 62667<7D7 @d% _9: fI gb] Xl gb\ W] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca]'® C?{ fcaUl ca] caV] ca] caV] ca] ca] ca] ca] cajcaVlca :;
<<E>>>>>>" 72, 2wW? @@k SdhiGh Geeko@ ktdtié¢KKKK} xsni d_Z] 1] ca] ca] ca] ca] ca] ca]calc

o) cal ool cal ool caleanealaglak sploaneal izkerlsal aalalaskgel ool cal oal caleal o

]: a] ]: a] ]: a] c g\/] C a]tlmgdagg]ggade@a]lﬁ i}] s:ct faf{]/lgg]:l@a]lcta] seajdreie m]m;}a]ima]vg Z] B3a] ]: a(] ]: a] ]: a] ]: a
ca] ca] ca! bcccc eeeeee cajcalc

o(LJt eg%gcgg 1c1:1te’ge461§ oupisIa ia

g}ﬂc g?f} gg} gg} gg} G]&]e\gq;&%]oltége of j?he ﬁT1 st nMOS%g?%ihe third gr ou}])glls mdlcatl;@?:)f Bs; avlcalcale

i kgkkkkkkkkVI J X | gal :

T AAgnRRe et ataseer M LY ae el anbenl onl o oal o

]calcal! rr+s6sAs sl&sgte violthdelod the Wind\MOSTET W thedwnpasy ack{ivinkicavdbiht Balednca] cal ¢

a] cal caV] ca} ca]j)caklcaBV]Vﬁ;l ]ecg]noaeL ?og]c(a\’la,b\ﬂlﬁa] cal] ca] ca] caV]ca] ca] ca]caV]ca]cal]c

a) ca] caV] c§

zO{8{E{{{(]|] | | * }the ga}eFvettadewiaarasepf aNIOSRE BNV i)\ pak cedck & iadiftiad clahecBdfeaa) cal c
aj caVv] ca] ca cal ] L ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
8>MW K- * % “%j%o% '(C? #0109B&' () - @0YB&' ()-F 109B& ()-s109B&' () - 3(mLo
"B&' () -] &J K- &10%&%@@@@%@@)@5&&%&1@ tHe b3 QU¥EB&tat is indicative of the Boolean

expression Bs*Bg¢*B5.
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10% & (@O0%H & () - YMLO%| & ()-Y, . 1094 & ()= Y 10%P& ()-yl0%4| & () -
109%| & () - 8EdEi(%P’f%‘rl”316‘1%’2%2"g A %%ﬁ&‘ ‘3”-“42 B9 COmPYSIng om0 () -
1096 & () - F10%8 a&ohtputfchreli Ot ofide bt Bast @ivis@ag8lindicative of the leading one of a binary
10% & yL610%| & &) -ZF4-10%| & () -Z4- @ 10%12& () - H)
1094 & () - WeELG9ds & Bpligs 1094 & () - 3, bCD, 8f
10% #f 100 () -, SHALOOMR siohal (VA OMRodond stk@4| 104| 104| ;
“10%| & ()-f810%t| & ()-, QdEDLCO, 8f 10% L109%& ()-z 10%& ()-SF10%&' ()-& m
109%& () - Y10%&: ( Yhezategwiiage ! ba alYiOSFEERhe Bist arous £ YRR E) 10%& ()- Y
1098 () - 109 ( ) 1HOMR voha¥ bOHE (S} nIDRERY [ the &bard eraWH@edfivd 898,10 10 10 @
s10%' ()- f3 10%& ()-Gf3 10%& ()-G 31109%& () - o
To109& () -S " nd yhegaienvelispegkias sepnd B0 SIF ingbs serend group doipdiggtiyy ofBa1 096
U&' () - S#s10% Uge(garelBTkEb¥0 e Gler AMORIEH the fhirﬁt%%ﬁf)\ Ruriichhiac oD, 8f
109 mlO%uu& () -! TmM0% a & (h) -10% U& gg_ - 310% U& ()-310% U&' ()- L10%
U& () - $$% the gate voltage of the second nMOSFET in the third group is indicative of B ;

the gate voltage of the first ntMOSFET in the by-pass stack is indicative of the Boolean

expression Bg*B, where ¢ denotes logical AND,;
the gate voltage of the second nMOSFET in the by-pass stack is indicative of the Boolean
expression B;*B3*B, ; and
the gate voltage of the third ntMOSFET in the by-pass stack is indicative of the Boolean

expression Bs*B6°B,.

7. A priority encoder comprising:

a set {No, Ny, ... Ny} of N+1 nodes;

a by-pass stack of serially connected K+1 IGFETs H[k], k=0, 1, ... K; and

a broken stack of (N-K) IGFETs, the broken stack comprising K+1 groups G,, k=0, 1. ..
K, of serially connected IGFETs, each group G, comprising n, -1 serially connected IGFETs G,
[1],i=1,2,. .. (ng-1);

wherein the integer set I={ng, n, . . . ng } and K are such that:

n 2!
K
En‘ =N+l
k=0 .

In, for which n, >1;
wherein for each k=0, 1, ... K;i=1, 2, ... (n,-1), the drain of IGFET G, [i] is connected
to node Ny, where I[k,i]=; [i], where L, [i] is the i element (counting from zero, left to right) of

the ordered set of n, integers
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% YRWEEVK@, 8f 10% %40% U8 ()- ~3"10% U& ()-Y! s10% U& () -f10% U& () - G ml0%
[& ()-mL0% U& () - YR&&B&C&E] ' aBVK@, 8f 109y, 2 10% U& () - S010% U& (5 FERYE0)
W& ()-FlY+ 109 U U& ()-)10% U& ()-' 10% U& ()-F]''"' "' "' 1*b@, 8f

109 1 1@! 109& ()-z(Y10% ()- 10 U 10 U 10 U; s10% U& ()-yy810% U& ()-Zy 610%
U& ()-Y! **E+?-D...}[ 9b@, 8! Nf 13 10%<k&' ()-!sf 1098NN& ()-M sf 109& ()- Msf
109%' ()-M @! 10%h& ()-z! @! 10%&' () ........ KI_@, 8! Ns-

1098& () - F! L&10Y E;g( (9.5) Y)gzklg ' 10 10 10F: 10% ()-f13

109%&: () - K/ 1102220388, ’1’03& ()-cfZ109B& ()-G 109B& ()- fImL0YB& ()-
109B& () - y&109B&hE)e-ZUBHARANAGE Sare sucldya8! / 109k & ()- & 109B& ()-! (109%& () -
0(10%&' ()-' F109B& ()-$"~ 10%& ()-55, 5: 55555aB7@ 10B:  109B& () -

7GLOYBE () -f5109B& ()-3: 109B& ()-F/ 1098& ()-!/10%& () - 5555 66r6266nNy 10%
U& () - F9S10% U& () - 10%

S, = Z”J :

J=0

Se =0

wherein for each k=0, 1, . . . K, the drain of IGFET HJk] is connecled to node Ny g, and
the source of IGFET H[k] is connected to the source of IGFET Gy [n, -1].

8. The priority encoder as set forth in claim 7, wherein the integer set I minimizes a cost
function.
9. The priority encoder as set forth in claim &, wherein the cost function is

(K+1). {n, k=01, K},

cHh)=me {ong =i K=k)i= 1200 0y =D k=01 K

10. The priority encoder as set forth in claim 7, further comprising:

an output circuit to provide at least one voltage indicative of the leading zero of a binary
N+1 bit word (By By.; . . . By) if

foreach k=0, 1,...K;i-1,2,...(n -1), the gate voltage of nMOSFET G; [i] is
indicative of By, ;

for each k=0, 1, . . . K, the gate voltage of nMOSFET H[k] is indicative of A, where

where product denotes logical AND.,
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U& () - SHy10% U& ()-510% U& ()- (0% U& ()- 10B 10B67<779_9: dEmNy 10% U-
10%U& () - &10% U&' ()-F 10% U& ()-, F10% U& ()-f10% U& ()-10% U& ()-:; 05 FFR QOH
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10% U&' () -y$Z10% U& () ->>>>>"2. 2w?xY:/ 10 U9

109&' ()-sf109%& ()-s109%& ()-#10%&' ()-ysmlO%&' ()-(ml0%& ()- 10 Uw??@@aCDdE: /
10 U9&" 109&' ()- sy 10%& ()-910% ()-s 109%& ()- |

@0% ()- ]]9.%& e B'fg’ﬁ_?f glzc%gasG ;e%tﬂ?n%lgigl 7, further comprising;
an output circuit to provide at least one voltage indicative of the leading one of a binary
N+1 bit word (ByBa~;. . . By) if
foreach k=0, 1, ... K; =1, 2, ... (n, -1), the gate voltage of nMOSFET G, [i] is
indicative of By, ;

for each k=0, 1, . . . K, the gate voltage of nMOSFET H[k] is indicative of A;, where

Al =HBI

iel,

where product denotes logic AND.

12. The priority encoder as set forth in claim 7, further comprising:

N output circuits C,, i=0, 1, ... (N-1), each having a first input having voltage C, [0] and a
second input having voltage C,[1], each output circuit C, having its first input connected to node N,
and its second input connected to node N, to provide an output voltage indicative of C, [O]°?“

where * denotes logical AND and the ovei-bar denotes logical complement.

13, The priority encoder as set forth in claim 12, wherein the integer set I minimizes a cost
function.
14. The priority encoder as set forth in claim 13, wherein the cost function is

(K+1), {n, k=01--K},

C(1) = max
{tn, =i+ K=k)i=1.2,(n, 1) k=0,1,-- K}

15. A priority encoder comprising;
aset {No, Ny, ... Ny} of N+1 nodes;
K+1 transistors H[k], k=0, 1, ... K; and
K+1 groups Gy, k=0, 1. .. K, of transistors, each group G, comprising 1, -1 transistors G,
[, =1, 2, ... (my-1);
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3n, for whichn, >1;

wherein for each k=0, 1, ... K; i=1, 2, ... (1 -1), the transistor Gy [i] is coupled to node
N,y to pull down node Ny, ) LOW if transistors {G; [j], j=i, (i+1), ... (n, -1)} and {H[j],
j=(k+1), (k+2), ... K} are ON, where the latter set is null if k=K, where I[k,i]=], [i], where I, [i]

is the i" element (counting from zero, left to right) of the ordered set of n, integers
L ={Sk (Sk+1), ... Sen -1},

where S, k=0, 1, . .. K+1, are such that

-1

>on,. k>0

=

0;

S

i

So

wherein for each k=0, 1, . . . K, the transistor H[k] is coupled to node Ny ¢ to pull down
node Ny, o) LOW if transistors {H[j], j=k, (k+1), ... K} are ON.

16. The priority encoder as set forth in claim 15, wherein the integer set I minimizes a cost
function.
17. The priority encoder as set forth in claim 16, wherein the cost function is

(K+1), {m,, k=01, K},

C(I) = max . ,
{(n, =i+ K=K)i=1,2, (=1 k=01, K}
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where denotes logical AND and the over-bar denotes logical complement.

19. The priority encoder as set forth in claim 18, wherein the integer set I minimizes a cost
function.
20. The priority encoder as set forth in claim 19, wherein the cost function is

(K+1), {n k=01, K},

C(]) = max ;
0 [ —i+ K=k)i=120 (=D k=01, K]

21. The priority encoder as set forth in claim 15, further comprising:

an output circuit to provide at least one voltage indicative of the leading zero of a binary
N+1 bit word (By By~ .. . By) if

for each k=0, 1,...K;i=1,2, ... (n, -1), transistor Gy [1] is responsive to By, ;

for each k=0, 1, . . . K, transistor H{k] is responsive of A;, where

A, =HB‘

1€fy
Al

where product denotes logic‘al AND.

22. The priority encoder as set forth in claim 15, further comprising:

an output circuit to provide at least one voltage indicative of the leading one of a binary
N+1 bit word (ByBy~r . . . Bg) if

for each k=0, 1,.. . K;i=1,2, ... (n;-1), transistor G, [i] is responsive of By ; ;

for each k=0, 1, . . . K, transistor H[k] is responsive of A, where

-17-



| “-10F Z 10%& ()-Y 10%& ()-F L&LOY& ()-Y

109%& ()-10%& ()-y10%C& () - ymmmmlnn}A2rS4 | | F+109%& ()-F ) 109%& ()-0 05 FEB 200)
#1098 ()-t! % , #109&' ()-t! ,#10%"& ()-tF 10% ()- nnnJopoooo~?44 !

1081 10%& ()-!qg3 FAY10%& ()-!l3 F4Y109%Z& ()-210%& ()-/10%& ()-3.S

10%& () - oooooXp! ghqgmVV g 10%m& ()- 10%& ()- !'10%& ()-z

L&LO%& () - 10%&' () - F(ymlO%m& ()- 10 10qq!rLrurrAs} <N ! !

10%m&' () - @0%r& ()-! YF10%iu&' ()-! TOF10%m®&' () - L10%&' ()-L10%& ()- Assst tt
ub[<mV  4810%& ()-f!31 10%m& ()-S/ 10%& ()-0

S, s10%& ()-F!. (12%—11—!?‘1%) -1 109KK&' () - @uuuuuuuuNv~ @ 10%g& ()-S

10%g& ()-!*" 10KK& (Y1 1C@r10%g& ()- 10m 10m

10MBZ10%T&’ () - Nvr vv/ womwwe~_ @ | 109gJ&' () - @ GLOY%& () -! 0@ 0%2g2& ()-!:y
10% ; & ()-S!'yZ10% ()-M “yZ10% ()- MwyCzz0{5{6{aB7@

10g8mML0%g& () -5& 10%g& ()- 1& 10%g&' ()-gY /' 10%g& () -

. 109%g& ()-1# ! 10@)@?@@819re<3u0@e{nf/t5%1{>&fqlf‘\§‘h| MV 10%& ()-F

23, The priority encoder as set forth in claim 21, wherein the integer set I minimizes a cost

function, where the cost function is

(K+1), {n, k=01, K}. }

CU)=mm{ﬁm—i+K—mJ=L2¢~0u-U:k=0Jv"K}_

24. The priority encoder as set forth in claim 22, wherein the integer set I minimizes a cost

function, where the cost function is

(K+1). {n, k=01, K}, ]

1= ]
c(n max‘:{(nL —i+K-k),i=12(n =1 k =O.l.--'[\}

25. The priority encoder as set forth in claim 15, further comprising:

at least one clocked transistor to pull up all nodes in the set {Np, Ny, ... Ny} HIGH if a
clock signal is in a first state, wherein, the transistors H[k], k=0, . .. K, and Gy [i], i=1, ... (i -‘1),
k=0, 1, ... K, are coupled to the nodes to pull a subset of the nodes LOW based upon which of
the transistors H(k], k=0, 1,...K, and G, [i], i=1, . .. (n4-1), k=0, 1, . . . K, are ON if the clock

signal is in a second staie complementary to the first state.
26. The priority encoder as set forth in claim 15, further comprising:
for each i=0, 1, . . . N, at least one transistor coupled to node N, to pull up node N, HIGH

if and only if transistors H[k], k=0, 1, ... K, and G, [i], i=], . .. (4-1), k=0, 1, .. . K, are such as
to not pull down node N,LOW.

27. A priority encoder to provide at least one voltage indicative of the leading zero or one of
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of at least one subset o-t[the Boolean va]ues (B Bg 0); an
a broken stack of transistors to provide at least voltage ndicative of the logical AND of at

least one proper subset of the Boolean values (B; Bg. . . Bo).

28. A priority encoder comprising:

a by-pass stack comprising first, second, and third nMOSFETs;

a broken stack of nMOSFETSs comprising first, second, and third groups, wherein:

the first group comprises an nMOSFET having a source connected to the source of the
first tIMOSFET in the by-pass stack;

the second group comprises first and second nMOSFETs serially connected to each other,
where the second nMOSFET in the second group has a source connected to the source of the
second nMOSFET in the by-pass stack; and

the third gtoup comprises first and second nMOSFETs serially connected to each other,
where the second nMOSFET in the third group has a source connected to the source of the third
nMOSFET in the by-pass stack.
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