CARRY- SKI P ADDER HAVI NG MERGED CARRY- SKI P CELLS W TH SUM CELLS TECHNI CAL
FI ELD [ 0001] This disclosure relates generally to multi-bit adders, and in
parti cul ayvohués/nagssexcl usi vely, relates to | ow voltage poirng2@ddessso
BACKGROUND | NFORVATI ON [ 0002] A binary adder is an elenentary electronic
circuit that adds two binary operands to obtain a binary resultant. An
adder that . : 0 to
obtain a r&&¥ : ; AR — Bt S — L ererere P+—adder s
can be coupled in serl es with the carrg-out of one full adder coupled to
the carry-in of a next adder to inpl a binary adder of greater w dth.
[0003] FIG 1 illustrates a known 16-bit carry-skip adder 100 having a
carry-i nTECEINICANEAIE A xarry-out ("CO'). Carry-skip adder 100 incl udes
propagat egenerate- kill ("PG&K") stages 105, carry-skip cells 110, and sum

cel I's 115 (onfaooa] PThis disclobuidelftbs genaligne mahditediders ahdiat to clutter
FIG 1). GO represents the carry-in for PG&K stage 0. If PXK stage 0O

receiyes értu@h%r%%ﬁot egluswel}"r)eiaté’% P8It é@ﬁmg'at&%rrs propagate the Clo
as a car yout e recelve as a carry- to P&K stage 1 or kill
the A0, such that P&K stage 1 does not receive carry-in 125. If P& stage
O does not receive a A0 (i. = "0"), then PG stage 0 can generate
carry-ou Y4 carry-in 125 to PGXK stage 1. Each of P&
stages 15@&?@'}‘8ﬁ%§&§%‘§§5§(§% ge%er ate, or kill a cgrry i n dependent
upon the value of the two operand bits corresponding to its bit

posi ti on. [ 000M1008]mAckinpE adderis antelersaiiady elactipniociruit that addsswaper and
bits

binary operands to obtain a binary resultant. An adder that is capable of adding

10  two operands along with a carry-in to obtain a resultant and a carry-out is known
as a full adder. Full adders can be coupled in series with the carry-out of one full
adder coupled to the carryQin of a next adder to implement a binary adder of
greater width.

[0003] FIG. 1 illustrates a known 16-bit carry-skip adder 100 having a

15 carry-in (“CI") and a carry-out (“CQO”). Carry-skip adder 100 includes propagate-
generate-kill (“PGK”) stages 105, carry-skip cells 110, and sum cells 115 (only a
portion of the elements are labeled so as not to clutter FIG. 1). Cl, represents the
carry-in for PGK stage 0. If PGK stage O receives a Cl (i.e., Cl = “1”), PGK stage
0 can either propagate the Cly as a carry-out 120 to be receive as a carry-in 125

20 to PGK stage 1 or kill the Cly, such that PGK stage 1 does not receive carry-in
125. If PGK stage 0 does not receive a Cly (i.e., Cl = “0”), then PGK stage 0 can
generate carry-out 120 to be received as carry-in 125 to PGK stage 1. Each of
PGK stages 105 will either propagate, generate, or kill a carry-in dependent upon

the value of the two operand bits corresponding to its bit position.



havi ng equivalent bit positions to generate a resultant bit of a nmulti-bit
resul tant. However, before each sumcell 115 can generate a resultant bit,
t he correwpaneimngssgarry-in nust be determ ned. To deter pcmassaoosae4sge in, C O
must be given an opportunity to propagate from PGK stage 0 to PG&K stage 15.
As such, propagation of carry-ins is alimting speed factor. [0005] To

accelerate th ropagation of carry-ins through carry-skip adder 100, P&
stages 105 ar@@dﬂupgg'ﬂ" F%'r%b‘éaatﬁ@ N éﬂ%@%lb@éi%omﬁndg‘m% espondi ng
groups of the operands are anal yzed to determ ne whether a carry-in to a
group of h@dRg squatyatent b8 pasitionsrto gegeratetehiesuliant bitofeammultebiresigtant. PGK

stages 105. If this condition is true, then the carry-skip cell wll skip

t he carrMoimeven befieregranhpsuon eell tthe canaanerate Presuiteet bihdhearry-in to the
next group of PGK stages 105. Skipping groups of PG&K stages 105 via

carry- skdrrésidridlinigl€arn st BE Yetithided.NTB dedéiming af mtine Ctamiukt b8 t o
propagat e t hrough each PGK stage of the group. However, ‘even with

carrye skijji | FH.R,- Kk i i r Y- S der 100
is st |b'§eﬁ?‘1r?n?§‘? Tgruns éﬁﬂ@c%dé?é’f@h] E@%éé@%ldgﬁ %%R@Q%égm [ 0006]
Non-1limt iqr’\ﬁ%[gapd ngn-ex_hausti ve.tenbodi Eﬁ”t s of the present invention are
descri bel" AUPRPEFRITEES '8%'”8' G 5P5RI SCtPir'gures, wherein |ike reference
nunerals refer to_like parts tgrou hout . t he various views unl ess otherw se
speci fied. [o9BP]FTE accelasate theqURPAFAINNPH GarYaiee tArougy carmnim agder y- ski p
adder circuit.[0008] FIG 2 is a block di agr amillustrating an adder
i ncl udi n§0@.P Gk Hages 405 areaoupligd irtogirdups by gagyiskicesllss1 1.t h suns cel | s,
in accordance with an
Corresponding groups of the operands are analyzed to determine whether a
10 carry-in to a group of PGK stages 105 will propagate through the entire group of
PGK stages 105. If this condition is true, then the carry-skip cell will skip the
carry-in to the group over the group and provide the carry-in to the next group of
PGK stages 105. Skipping groups of PGK stages 105 via carry-skip cells 110
incurs less delay than waiting for the carry-in to propagate through each PGK
15 stage of the group. However, even with carry-skip cells 110, propagation of carry-
ins through carry-skip adder 100 is still a limiting speed factor.
BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Non-limiting and non-exhaustive embodiments of the present
invention are described with reference to the following figures, wherein like
20 reference numerals refer to like parts throughout the various views unless
otherwise specified.

[0007] FIG. 1 is a block diagram illustrating a known carry-skip adder

circuit.



enbodi mrent of the present invention. [0009] FIG 3 is a flow chart
Illustrating a process for operation of an adder, in accordance with an
enbodi mrenwoahodihesspr esent invention. [0010] FIG 4 is aPpcirruszeds/ocissgr am
illustrating a propagate, generate, kill ("PGK") stage, in accordance wth
an enbodi rent of the present invention. [0011]] FIG 5 is a circuit diagram
illustrating a sumcell, in accordance with an enbodi nent of the present

i nvention. [(d08098] HTIG. 25siasblack diagiam ilstepting an adderiaglvdingLaBrsYMsum
cell, in accordance with an enbodi nent of the present invention. [0013]
FIG 7 icella hdviagrraerded casty-skip wglls witbrasimss cells, easgartansee witharent i ng
enbodi nents of the present invention. DETAILED DESCRI PTI ON [ 0014]

Enmbodi mesmbisodimenn obtheairetest insgtictin and nmet hod for a high speed nul ti-bit
adder are described herein. In the follow ng description numerous specific

details are ggpodr I, ikl MM dRar ilUseaBHE melef,@f@wewa&foftm

enbodi nents. "One skilled in the relevant art w recogni ze, however, that

h . : . : : . : £ th
Specrt | AR ARBBRLB T il Bind B BE drGEghithictiten, Do, O ZoLe DL 1
ot her instan stru(ﬁtures

wel | - known str. terials, or .operatipns.are not
Shown or - desdPPRAI TG GOBH ircu Sodied SRofne g miteddatd SefuafE }if0o.5)
Ref erence throughout this specification to "one enbodi nent" or "an
enbodi ndrift GKnesiage tinaccargsuce; with ap emhadifent gk thgdirasent igyerdivnr act eri stic
described in connection with the enbodi ment is included in at |east
oneenbodi nent[0011} helGorieisentirduivdiagiaom illuFtrating arsinapelbdn ascerslaptet he
phrases "in
with an embodiment of the present invention.
10 [0012] FIG. 6 is a circuit diagram illustrating a carry-sum cell, in
accordance with an embodiment of the present invention.
[0013] FIG. 7 is a diagram illustrating a demonstrative system
implementing embodiments of the present invention.
DETAILED DESCRIPTION
15 [0014] Embodiments of an apparatus, system, and method for a high
speed multi-bit adder are described herein. In the following description numerous
specific details are set forth to provide a thorough understanding of the
embodiments. One skilled in the relevant art will recognize, however, that the
techniques described herein can be practiced without one or more of the specific
20 details, or with other methods, components, materials, etc. In other instances,
well-known structures, materials, or operations are not shown or described in
detail to avoid obscuring certain aspects.
[0015] Reference throughout this specification to “one embodiment” or

“an embodiment” means that a particular feature, structure, or characteristic

25 described in connection with the embodiment is included in at least one
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Is a block diagramillustrating an adder 200, having a nodified carry-skip

i n accordance with an enbodinment of the present invention.
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15 210, a carry-skip network 2 15, carry-surrH 2-15 cells 220, and
sense arqiﬂeiémbodinm”. oiCin ap emmlzodim208 in Nariadeglqmeephlgmgbogbm ate-kill

stages 0- 15 207, carry-skip network 215 includes carry-skip
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of the previous PXK stage 207 For exanple, COo is equal to Cl1 and
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S

on 1) where A and B represent nmulti-bit operands, N represents bit

rsum cellsg.15 210, a carry-skip network 215, carry-sumjy,.15 cells 220, and sense
amplifiers 225. Carry chain 205 includes propagate-generate-kill (‘PGK”) stageso.
15 207, carry-skip network 215 includes carry-skip cellso.s 9 217. The subscripts
associated with each of PGK stages 217, sum cells 210, and carry-sum cells 220
designate bit positions. Although adder 200 is illustrated as a 16-bit adder, it
should be appreciated that the techniques described herein are equally applicable
to larger or smaller adders, such as for example, 4-bit adders, 32-bit adders, 64-
bit adders, and the like.

[0017] Carry chain 205 provides a mechanism for carry-ins (“CI”) O
through 15 to be propagated, generated, or killed for each bit position. The CI for
one of PGK stages 207 is the same as the carry-out (“CQO”) of the previous PGK
stage 207. For example, COq is equal to Cly and so on. As mentioned above,
each PGK stage 207 can either propagate, generate, or kill a carry bit. The CO of
a particular PGK stage 207 is determined according to equation 1,

co, =A,-B,+A,-Cl, +B,-Cl, (Equation 1)

where A and B represent multi-bit operands, N represents bit position,

represents a two bit logical AND function, and “+” represents a two bit logical OR
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represents a two bit |logical AND function, and "+" represents a two bit

| ogi cal ORfunction. According to equation 1, for each particular P& stage
207, a Clwo=00cd1bgsed" (i.e., CO N = 0, regardl ess of thecvralso@s0b488 I N) if
t he operands A N and BN are both "0", a COis "generated" (i.e., CON =1,
regardl ess of the value of CIN) if the operands A N and BN are both "1",

and a C, is, propagated (i.e.,, = C| df t era A N. BN Table
1 bel ow fUeHAL i wfgﬁ‘eég’ie&HaMP%a%f@afh[ %'a%ef%@gﬁgegg’%@aﬁ iBach bit
position N are coupled to receive the CIN of that particular bit position
and sum‘kileddileN GPulF @,.Hegauesspidhaiviadiaet Cho #ithe operasids Aveaod Enadrés A N
and BN . Accordingly, sumcello 210 is coupled to receive Clo and sum Cel |
15 210 ibxotie 60ipaaCiotie “gererateel” Qle., 6ON =1 pregaedibssl bhitvet valge of Ch\)lilsthe10
logically XOR CINwith a logical XOR of A N and BN received fromsum | ogic
212. Accspedands Ky aPa®) arbel” 2HY Aenes gicpagarl iet, GOy LhElyilthe - bi t

resultant (i.e., sum) according to equation equation 2 SUMIQII: AN (r) B N

| ' i : igal XOR f ion. Ho ,
Sum Gel 1SS HR AR U NP Bl ERRFREPDE Bunfh ™, T the ai "o hat bi i

position is resolved. CINis not resolved until the CO of the previous PXK
stage 207 (i.e., CON-i) is resolved. Therefore, waiting for the carry bits
to resolve along carry chain 205 would be a speed critical limting factor
for operation of adder 200. [0019] Consequently, carry-skip network 215

t akes advantage of the scenario where CON = CIN to skip the CO of one PXK
staﬂ§ 207 over multiple P& stages 207 to be provided as the C of a

do tream PCK stage 207. The carryzskjp, ("CS") cells cluster P& stages
207 into "groups". For exanple, CS 1217 clusters PGK cellso,i,2 207

into a group-1 , CS celpgyj 217 cpystefs €K CO\
0 0 ? “0” (kill)
1 1 ? “1” (generate)
0 1 Cly Cly (propagate)
1 0 Cin Cln (propagate)

[0018] Sum cells 210 at each bit position N are coupled to receive the Cly

of that particular bit position and sum the Cly with the corresponding bit positions

15 of the operands Ay and By. Accordingly, sum cellp 210 is coupled to receive Clg
and sum cellis 210 is coupled to receive Clys. In one embodiment, sum cells 210
logically XOR Cly with a logical XOR of Ay and By received from sum logic 212.
Accordingly, each sum cell 210 generates one bit of the multi-bit resultant (i.e.,
sumy) according to equation equation 2

20 SUM,=A,®B,®CI, (Equation 2)
wherein @ represents a logical XOR function. However, sum cells 210 cannot
sum a particular bit position until the Cl of that bit position is resolved. Cly is not

resolved until the CO of the previous PGK stage 207 (i.e., COy.¢) is resolved.



stages 1 2 207 into a group-2, CS cellg 217 clusters PGK stagesn-i 5 207
into a group-9, and so on. As such, each CS cell 217 is coupled to group
pr opagat ewO"2@#/019838gi ¢ 240 to deternmi ne when a O into &cparsteosobeass gr oup
wi || propagate through the entire group (only a portion of GP logic 240 is
illustrated so as not to cromd FIG 2). In a scenario where a d w ||

pr opaga across an eptire grouyp, ,the correspondi ng CS | | Wi | |

f or war dL'jt?Wéeféf eidﬁ'l‘%?“dﬁ%ﬁ%”’ﬁ’iﬁ?ﬁ@ rﬁ%gjye Sﬁﬁ{épcadw 'B&l%sd’v?‘ﬁé%&%up

w thout waiting for the O to propagate along carry chain 205 through the
gr oup. S@Bedﬁagﬁmél,m'@g fasiorcior operatign Qféidé'ﬁﬁgﬂ@- that 0 will propagate

t hrough group 1 (i.e., PXK stageso,i,2 207). In this exanple, PG | ogico 240
i nstructs CS[0@19]0 Qdnsaquesty,pcathlskip networkdsis takes advantagemfdié ded as Cl 3
to PC&K stage3 207. [0020] In one enbodi nent, each CS cell 217 of carry-skip

net wor k s3dhafi§ whefe GO\ ¥ €l Yo ekipithe C@of 8a RGIRREGHE 207 6V&RTItple | N one
enbodi nent, the source and drain termnals of the NFETs are coupled to

shung t lgRts 57 e PF&wéd 39Thabi bfaafdawg%ngni PGK &abe (%vgel pled to

]Ehe corresponding GP loglc 240. In these NFET enbodi nents, s 217

ti . ] ' neda | I
o "ch P37 ST LT RS ek AUEPRC.FRGRE SEpltife T
207. It [ . h
var i ous BUnal? GROUSSISRIcBlT et Dbt aRERRd) 1S 99 2 WHFPs Pist rated in
FIG 2. [0021] In one enbodinent, GP |logic 240 generates CGP signals to
cont r ol stagesss 20¢1into 2 gpuprRLCBmelly ahamgmé@ré %@%@t@g%1-w207o@mal |y ANDi ng

propagat e vari abl es PN corresponding to each bit position N. PN is given by
equat i orgr@up-BNand AN @\ A&gquah,ieach3)S cell 217 is coupled to group propagate

10 (“GP”) logic 240 to determine when a Cl into a particular group will propagate
through the entire group (only a portion of GP logic 240 is illustrated so as not to
crowd FIG. 2). In a scenario where a Cl will propagate across an entire group, the
corresponding CS cell 217 will forward the Cl of that group to the next group by
skipping the group without waiting for the Cl to propagate along carry chain 205

15 through the group. For example, GP logico 240 may determine that Cl, will
propagate through group 1 (i.e., PGK stageso 12 207). In this example, PG logico
240 instructs CS cellg 217 to skip Clg to bit position 3 to be provided as Cl; to PGK
stages 207.

[0020] In one embodiment, each CS cell 217 of carry-skip network 215 is

20 a negative-type field effect transistor (“NFET”). In one embodiment, the source
and drain terminals of the NFETs are coupled to shunt the groups of PGK stages
207 while the gate terminals are coupled to the corresponding GP logic 240. In
these NFET embodiments, CS cells 217 function as shunt switches selectively
opened and closed under the control of GP logic 240 to skip the carry bits over

25  various groups of PGK stages 207. It should be appreciated that more or less CS

6



where q represents a two bit |logical XOR function. The GP signal
controlling a particular CS cell 217 is generated by logically AND ng the
PN of eacWwohibde/dieszati on shunted by the particul ar CS celpcTakZooshorssexanpl e,
CS cello 217 is controlled by a GP0 signal, which is given by equation 4.
GP0 = PO P1-P2 (Equation 4) Simlarly, CS ceIIg 217 is controlled by GPg

[ 00225 a8l Pl Sa i BVielidother tata ontigirelins of HOK cARATELEM G i cant

bit ("LSB") POSI tions, nore significant bit ("MSB") positions, and an

inter rredl%t"é‘ " 6512 on. The LSB positions are those bit positions being
| ess significant than the internediate bit position, while the NMSB

posi tions ar §002t)sénlwine grobodinend, GEilagicrfteganayaicki GRrsigndiato conrtrol
internediate bit position. Although FIG 2 allocates the LSB positions as
bits 0 thdCS téIk 217.eThediRsignlist areagdridratedasy lbgicalyl ANDifg tprepddite posi t i ons
as bits 11 - 15, other enbodi nents may include other allocations. [0023]

Ref eeri R I t 3 carry-skip
ndder 108 e e e B Ly SRR, P VoLt 120

is generated by PGK stage 0 105, carr ut 120 carry ski t he internediate
P&K stages 1-14 105 via CS cel si_ﬁz%bg« 110, and is fi @q p rﬂe

wi t hoperand bits Al 5 and Bi 5 at sum Celli 5 115. Accor di ngly, t he | ongest

del ay paiteréaBdrephesetito adwoltst loylcal X@R aaictipn ofThead Pysigidl goattditing B00 i s si x
bl ocks |l ong. [0024] Returning to FIG 2, carry-sumcells 220 are all

coup! ed Jetid gt 8ol 2171 YenbhRel 'bty%gEQH)ﬁARIdPhé tROP], 1o BACI9BitdaEAtibnChai n

205. Carry- sum ce |'s 220 €ach nergeé t functionality of a carry-skip cell

W th a syig @Qr‘ﬁgﬂ'la%st &9| SPF" 2bl 8laMble? e LeirPh7 BTHHBREL BY O
carry- sklp a d . For exanpl e,
10 a GPy signal, which is given by equation 4.
GFP,=F,-P,-P, ' (Equation 4)
Similarly, CS cellg 217 is controlled by GPg signal, which is given by equation 5.

GF,=F,-F

12

-P

PR SR (Equation 5)
[0022] As illustrated in FIG. 2, adder 200 is divided into less significant bit
15  (“LSB”) positions, more significant bit (“MSB”) positions, and an intermediate bit
position. The LSB positions are those bit positions being less significant than the
intermediate bit position, while the MSB positions are those bit positions being
more significant than the intermediate bit position. Although FIG. 2 allocates the
LSB positions as bits 0 — 10, the intermediate bit position as bit 11, and the MSB
20 positions as bits 11 — 15, other embodiments may include other aliocations.
[0023] Referring to FIG. 1, one possible worst case operation time for
carry-skip adder 100 takes place when the summed operands are such that carry-

out 120 is generated by PGK stageq 105, carry-out 120 carry skips the

intermediate PGK stages.14 105 via CS cells; 259 110, and is finally summed with



during the worst case operation of adder 200 nentioned above, CQ0 is
generated by PGK stageo 207 and carry skipped to internedi ate node 245 via
carry-skiwoeeddmos3$ cellsi, 2,5 217. CO0 is then input ipoTwse@snysssum cells
220 as Cln to conpute one or nore resultant bits 12-15. Accordingly, the

| ongest delay path (and therefore the critical path) of adder 200 is only
five blocks long. Thus, adder 200 effectively reduces the nunber of del ays
to proc@perandibits AscardBesatrsure kielhist1d 5t Wcausginglys the engesiairlay gath bl ock to
traverse fromthe least significant bit position to the sunmati on output of
t he nostand greréfaratiie briticad patHleadf icary-skipadder 130 isysis blockeldngd 220) resul ts
In | ess resistance and capacitance experienced by a carry bit traversing

carry-ski p neope4K Remingits FIGIRCddraNshim dens 2p0aRadMtdovipletrioxsceivet he

| ongest (and sl owest) carry-skip propagation paths results in an overall
speedup AQf ; | ark.ys 5%2%20 perform
a gl obald at ?g?r%aggmu%q' ﬁ%%l'g Pg?\mg\/ﬁioﬁ%ﬁ)m@* IQgi:G’ Z(i_‘él’rr%HgTSéﬂpl)lér orma | ocal
pat h_sunmation function. If a C is generated within e_of the, NSB

osi o1 oepangroe B8 ol A o4 SGB 3t Wi s B Pef REefed 11550 o e

di sabled, and the local path C wll be propagated, generated, or killed by

PCK st agP§ration of adrer09, g semmared tocarrysigim addes ol & FfxagPIdor e of t he
resultant bits 12-15. However, if a O is not generated within the MSB

posi t i orsiringiiba vairat ¢case ereratiern otiaddet 200 mendaned abewe.ryOs imgengrated220 to
conmpute each of the resultant bits 12-15 (i.e., bit sunms 12- 15). Carry-sum
cel | s 12ylPGKrstage, 26T ayd hirp skippedi toriatermgdisité hode @4atvianafrysskip onal i ty,
thereby elimnating carry-skip cells 7,8 110, illustrated in FIG 1. [0026]

I'n one %@HQ@S@@N&,2,%_@1Vy@@msctﬂthrgi«ﬂ'ihtofi:aQiiﬁsmfcfeqé prbe@iClR toXOR functions
on Cln and control signals received from correspondi ng control bl ocks
10 compute one or more resultant bits 12-15. Accordingly, the longest delay path
(and therefore the critical path) of adder 200 is only five blocks long. Thus, adder
200 effectively reduces the number of delays to process a worst-case carry-skip to
the MSB positions. One less block to traverse from the least significant bit
position to the summation output of the most significant bit sum cellis 210 (or

15 carry-sum cellis 220) results in less resistance and capacitance experienced by a
carry bit traversing carry-skip network 215. This reduction in the propagation
delay of the longest (and slowest) carry-skip propagation paths results in an
overall speedup of adder 200.

[0025] In one embodiment, carry-sum cells 220 perform a global path

20  carry-sum function while sum cellsy2.15 210 perform a local path summation
function. If a Cl is generated within one of the MSB positions (e.g., Cli2.15) then,
the global path carry-sum cells 220 are disabled, and the local path Cl will be
propagated, generated, or killed by PGK stagesi2-15 207 and sum cells1,.15 will

compute one or more of the resultant bits 12-15. However, if a Cl is not

25 generated within the MSB positions, then Cly1 may be used directly by each of

8



250 coupled to each of carry-sumcells 220 (only control blocksi 2,i5 250
have been illustrated so as not to clutter FIG 2). In one enbodi nent, each
control swonade/disssgener at ed by | ogically AND ng the propegatseoosarisapl es PN
bet ween and including the internmediate bit position (e.g., bit position 11)
to the corresponding bit position of the carry sum ceII 220 Therefore a
control N signal is gr ven by equation 6. PN ( Equati on

) For exanyraim eslig 2 @tfbP@%‘I@S’@%@C@@h@@dﬁéd"%f't(%tﬁﬂr?d5115‘? gﬁ‘éﬁu'&’@c@’dr ng to
equation 7 . CTRL 2 = (P ) Pn (Equation 7) Simlarly, control blocks 250
gener at d$).a Caont-swhicels 9 Rgrmimeage oady-syipt funetieralitpwith sugrmation=(P P P1 PJ-
P15 (Equation 8) [0027] Since the critical path of adder 200 does not

t r aver squidtiopiagity, tHigeby efmiraing cargrskipCKlistsa0rs iiubtratilingfid@. dum cel | si
2-15 210, the transi stors used to form PGK stagesn- 15 207 and sum

cel | si 2-i 3682 r\n%ed&%é%%t%&w EmacuIsYs s DROperfordobiRaFROTRVI ces

not only conserves val uabl e real estdate on an Integrated circuit die, but
al so.re | d
carr - SPIARIBARTEl 248 By Erﬁf*%@ﬁfégg'géﬁirﬁn?@éﬂr%ﬁ@ .
the MSB positi all gws_carr ra adder thlesstrrre.
As nent @%2) ‘5’8‘?@@ e@‘ﬁb %/ a(PPb/ iﬁﬁ!ﬂ%ws %gg 2¥€al so
reduced due to the techni ues descrr bed herer n. Therefore, the reduced
resi st al@endiysitated neastn@itte clytiaeFd@) 3l) Ingrgemiodineent; paeh certroly - ski p
propagation paths results in a faster sunmmation conputati on by adder 200.
[ 0028] Segrsd isgehérbtert by kitficallycANDing tbe propagatemaripbtes R betweepednd 210
including the intermediate bit position (e.g., bit position 11) to the corresponding
10  bit position of the carry-sum cell 220. Therefore, a controly signal is given by

equation 6.

CIRL, =GF ., P, (Equation 6)

For example, control blockq2 250 generates a controly, signal according to

equation 7.
15 CTRL,=(P,)-P, (Equation 7)
Similarly, control blockys 250 generates a control;s signal according to equation 8.

CTRLrs = ( 12 Pr3 ) PM) R

s (Equation 8)
[0027] Since the critical path of adder 200 does not traverse through the
local path along PGK stagesq1.1s 207 and sum cellsq2.15 210, the transistors used
20 to form PGK stagesi1.15 207 and sum cellsq2.15 210 can be downsized
significantly. Downsizing these devices not only conserves valuable real estate
on an integrated circuit die, but also reduces capacitive load reflected back onto

the global path and carry-skip network 215. Reducing the capacitive load

reflected back from the MSB positions allows carry-in bits to traverse adder 200



and carry-sumcells 220. In one enbodi nent, sense anplifiers 225 sense the
vol tage out put by each of sumcells 210 and carry-sumcells 220 and

regi st er wotb@voigssgogi c “1" or a logic "0". In one enbogcmarsteosacmdes 200 is
a low voltage swing ("LVS'") adder. In this LVS adder enbodi nent, each of
PCK stages 207, sumcells 210, and carry-sumcells 220 output differential

conpl enen i gnal s. ,Sense. anpl i.fierg 225. sense ol ar.ity, of | fferenti al
vol t age "HLH (%égﬁ'"i%e‘\%‘?&ﬂq@ﬁgﬁtmesﬁl&d&ﬁ?ﬁ%%@@ﬁmﬁspﬁé‘e’%ﬁg Bogic "1
or a logic "0" has been conputed at each resultant bit position. [0029] LVS
adder s %0 tiicepidus o the techniguesdesaribedihareinr: cthearafasg. haredueedoupl i ng
and devi ce | eakage events along the carry chain (e.g., carry chain 205) and
t he car rresisidnuenspacitan¢efagtor (X0 dglayk alongetivariticabddyy-skipgrepagdtiar ent i al
noi se sources act to reduce the differential magnitude of the carry signal

bei ng prpzkgedsidts ih @ fasiepsammatich cothpotation yeadtidr2eoent i al noi se
overwhelns the differential carry signal causing a differential reversal

and fail ure qbhpob8F S¥EaIPlifieNDSS éﬁéFEdif?Jlléd’tq ﬂh@eodtﬁ cRdufi Edirreng i al

magni tude of the carry signal sinply results in a slowlown of the LVS

adder Qs LEAPOIMCIaRD AEIcSe A BBy I Sl bR &AL ool s |

that a noise rejection path ol se charge that entered
the carry chain) ig very resistiye . Q... Up to 6 del bl ocks, worth of
Fosi ot aroUagRI AP Y P TSRS a2 1 secatlee dn delin Rt aedegiat cul't °to
sink noi se charge through the carry-skip network.[0030] The incorporation
of car ryeith@madegics1200aiegiov’. dnanggrebadimantpaddar 3@ lownvaltiagehe
critical path over carry-skip adder 100 and this results in a resistance
reduct i swing (4 MS"yadden Indhisdr S 2ad8er emborimentseadnl of PEithsldigee 2070f adder
200, reduced resistance of carry-skip network 2 15 provides increased
10  sum cells 210, and carry-sum cells 220 output differential complement signals.
Sense amplifiers 225 sense a polarity of a differential voltage between the
complementary signals to determine whether a logic “1” or a logic “0” has been
computed at each resultant bit position.
[0029] LVS adders are susceptible to differential noise created by various
15 coupling and device leakage events along the carry chain (e.g., carry chain 205)
and the carry-skip network (e.g., carry-skip network 215). These differential noise
sources act to reduce the differential magnitude of the carry signal being
propagated. In a worst-case outcome, the differential noise overwhelms the
differential carry signal causing a differential reversal and failure of the LVS adder.
20  More typically, the reduced differential magnitude of the carry signal simply results
in a slowdown of the LVS adder. One reason why LVS adders are susceptible to
differential noise is that a noise rejection path (pathway to sink the noise charge
that entered the carry chain) is very resistive (e.g., up to 6 delay blocks worth of

resistance prior to the sink/source node) and and therefore difficult to sink noise

25 charge through the carry-skip network.

10



differential noise rejection along carry-skip network 215. The reduction of
this resistance results in a faster and nore robust LVS adder. [0031] The
processeswexpicailpssd bel ow are described in terns of conpotrars2esftisas e and
har dwar e. The processes nay be enbodi ed within hardware, such as an
application specific integrated circuit ("ASIC') or the |ike. The order in

whi ch sone or the process bl ocks a A ach _process, shoul d not
be deemed | | P03 The PRaRTTESs of cgRiBHarFIBaAd e AR T 3BT ng ¢ ho
benefit of the present disclosure will understand that sone of the process
bl ocks rigckedugtien incline; Giitigal athaaver sarmyrsirir 8deryt 16 and thisfests[in@s2] FI G
3is aflowchart illustrating a process 300 for operating adder 200, in
accor danesistance raduetidyoofi carnt-skip networkr2iSenin the\Lals adder ¢mbadipresdefs bl ock
305, the carry bits (e.g., Cl0-1 ) are selectively propagated, generated,

or kill efidet 208cteddckd sesiganie of 2arpgkipnetwork @il 8 pto%ides INE38asddh a process
bl ock 310, sone of the carry bits are selectively skipped over groups of

P st agfigerdffial fdise ?éi?t?ﬁﬂrﬁalohb eyl ke RétwistR 298t erde fé%%gﬁ&%fe ths?Péir ried

into PGK stage3 207 w propagate“through all of group-2 (i

st ages3, . e i s | ' 3 over group-2 to be

pr 0\g/i dec[éggt%céo%%mgtﬁ %{a%%%%{o%%ﬁo%ﬂn% Lﬁ%@?ér?ént , VCS gel :Jg 217 skip
carry bit ov s of PGK stages 207 b rovi di.ng,a conductin ath f
carry bits t dopdbaPEe Bradesses rRPm R bt AE Aescibsy M BENS EE ' Lo el 1 <
O-n 210 conpute the LSB positions_and the internediate bit position of the
mul ti - bigonrdar seffwarey %ﬂ‘gh%fdé\f?dédiw@rﬁr?c%iﬁﬂsdéﬁy Seembedied Withihut e one bit

of the multi-bit resultant by logically XORing the CIN bit with the sum
si gnal dargwaee soghascn applicatiposgienifjc integrated circuit (“ASIC”) or the like.

10  The order in which some or all of the process blocks appear in each process
should not be deemed limiting. Rather, one of ordinary skill in the art having the
benefit of the present disclosure will understand that some of the process blocks
may be executed in a variety of orders not illustrated.

[0032] FIG. 3 is a flow chart illustrating a process 300 for operating adder

15 200, in accordance with an embodiment of the present invention. In a process
block 305, the carry bits (e.g., Clo-15) are selectively propagated, generated, or
killed at each PGK stage 207 along carry chain 205.

[0033] In a process block 310, some of the carry bits are selectively
skipped over groups of PGK stages 207. For example, if GP logic, 240

20 determines that Clj carried into PGK stages 207 will propagate through all of
group-2 (i.e., PGK stagess 56 207), then CS cell; 217 will skip Clz over group-2 to
be provided as Ci; to PGK stage; 207. In one embodiment, CS cells 217 skip
carry bit over groups of PGK stages 207 by providing a conducting path for carry

bits to propagate through.
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sum | ogi cN 212. Each sum | ogi cN 212 generates a sum of operands A N and BN,
which is summed with CIN by sumcell N 210. [0035] In a process bl ock 320,
control |wogi2edd/d8é3sgenerates the control signals to be pcoaisdesd/obs3so
correspondi ng ones of carry-sumcells N 220. The control signals are
generated based on the operands A and B, as described above. [0036] In a

deci sion blo 5, 1f aloc ry-out (i.e.., COL1-]| i ot generated
or killed by%ﬁéﬁofm@c?{%?ﬁ@&)ﬁ%gﬁ?@??mt?Fé'lﬁo-ﬁr%l;%ggmgti% %ﬁs‘?’[ﬂues to a
process block 330. In process bl ock 330, each carry-sumcell 220 |ogically
XORs i t Posiions anerbe ifervadiats bl pgaitipngf the muiti-pitrgsWianbuicoadch vsB
position of the nulti-bit resultant. In a process bl ock 335, the voltages
out put Ileynisadiméat, Issitn gells 210 6aamdongpute ose itad the m2did-bireswtand by by sense
anplifiers 225 to determine/register the nulti-bit resultant. [0037]

Ret ur ni ib@llyjﬁQFﬁﬂ&@?w_dJCRpﬂﬁt @A thé sum sigrall corapuited Byteddh. correspohdink?) i s
l.e

generated or kille I f one of PCGK stages 11-15 generates or kills a

carry-o C{\dﬁ o | el s, ' 1 ) | ong t he
| oca p%t !) Icarféy' E%? %u%gg@? ?h%égétgg%@ig?tgﬁsﬁé&ﬁ?%?@ st age

14 207 { J u ' tagesi 2 13 207 propagate C 11 ,
t hen cagﬁy%ﬁ’ﬁ@gﬁe@'ﬁ?& 5&%% (Tet?lmcgér?;ut e sum 12 and sum 13 while sum
cells 14 15 will conpute s 4 and SUn5. I n process, bl oc 40, sum
col 15 12-1 5 10UBST oy SBoRE DIk 256 CONBASOBNAR YATcr Beihs Btifehne . 1
process bl ock 335, sense amplifiers 225 sense the voltages output by sum
Cel | So Bignals khhbe pseviged tmeesesponslingonesof cargspum ¢glisy 228. Thg ¢entral
diagramillustrating a P&K stage 400, in accordance with an enbodi nent of
t he pr essignals avegenenatedisiseart anthetopeliande feapd & iasideseribediaheve. of PGK
cells 207. The illustrated enbodi nrent of P&K stage
10 [0036] In a decision block 325, if a local carry-out (i.e., CO41.15) is not
generated or killed by one of PGK stagesi1.14 207, then process 300 continues to
a process block 330. In process block 330, each carry-sum cell 220 logically
XORs its corresponding control signal with Cly1 to compute each MSB position of
the multi-bit resultant. In a process block 335, the voltages output by sum cellsg.-11
15 210 and carry-sum cells 220 are sensed by sense amplifiers 225 to
determine/register the muliti-bit resultant.
[0037] Returning to decision block 325, if a local carry-out (i.e., CO11.14) is
generated or killed (i.e., if one of PGK stagesy1.15 generates or kills a carry-out),
then all CI's from that point onwards are determined along the local path of carry
20 chain 205. It should be appreciated that if PGK stageq4 207 generates a carry-out
while PGK stagesi» 13 207 propagate Cly4, then carry-sum cells 1,13 220 will
compute sum;, and sum;z while sum cellsy4,15 210 will compute sumq4 and sumss.
In process block 340, sum cells2.15 210 compute the MSB positions of the multi-

bit resultant. In process block 335, sense amplifiers 225 sense the voltages

25 output by sum cellsg.11 210 and carry-sum cellsy,.15 220.
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400 includes four NFET transistors 405, 410, 415, and 420, and two
positive-type field effect transistors ("PFETs") 425 and 430. PCK stage 400
recei ves worrpbeamesssary i nputs CIN and conput es conpl enercarps2asiopisss CON-
PCK stages 400 may be used in connection with LVS adder enbodi nents of
adder 200. [0039] In one enbodi nent, the gates of the NFETs and the PFETs

are coupled t i,c. 209. illustrated. in Fl 0 PC&K | ogi c
unit is ill uiﬁpiét(f Ig 4a'§ %%chtod'éém g'PSE?&‘g E%Gﬁé&@(ﬁoéﬁ)@q;w gener at es
the control variables PN, GPN, KN, KN bar, and GPN bar. The control

vari abl &SCPiailee Wibhan egbqdiment °%‘§ed3§%9ri'tb@éﬁrﬁl98v§9§ﬁ s&%é@ﬁw%ﬂnw th
equations 3, 4, and 5. The control variable KNis asserted high if PXK

| ogi ¢ 2(®sgisie eniboedimeniyf G cedp @04n dhealustrategembodimenhef B&Nﬂ@gear PGK
stageN 207 should "kill"™ the CIN. [0040] CIN and its conplenent CIN bar are
r ecei vediodt incliget $o3BF BT drahéBBtensdd 0BOM 1and 1 5 @nmd420,cared tiwd poditied-typat put s
445 and 450, respectively. Transistors 405 and 410 propagate C IN and

CI N _Bar fidid BiieétratstoisS@PPEYE") osRidd 49ali PGI0Staghl P icteMes425 gener at es
CONif GPN_ bar is asserted low. Simlarly, transistor 420 kills CINif KN

5755 o hBRerk 9 FHE O e s SokighaRAT LA LR 18 sum cel

i n accordance I'nventi on. Sum cel |

500 i s one possibl e enmbodiment of .sum.cell s 210. The .|| ust r.at enbodi nment
of sum CURISSHE0 Py LSS B BH LS S08er amiSstmelff R oo
receives_an XOR input 525 to control the gates of NFETs 505 and 510 and

recei ve¥h XNOR i nput 530 to control the gates of NFETs 5 15 and 520. Sum

cell 500 receives CIN and its conplement C N bar on inputs 535 and 540,
respecti vel y,[0889] clorgna embodiment, the gates of the NFETs and the PFETs are

10  coupled to PGK logic 209, illustrated in FIG. 2 (only one PGK logic unit is
illustrated so as not to clutter FIG. 2). PGK logic 209 generates the control
variables Py, GPn, Ky, Kn_bar, and GPn_bar. The control variables Py and GPy
are similar as described above in connection with equations 3, 4, and 5. The
control variable Ky is asserted high if PGK logic 209 determines, based on

15  operands Ay and By, that the particular PGK stagen 207 should “kill” the Cly.

[0040] Cly and its complement Cly_bar are received at inputs 435 and
440 and COy and COn_bar are output at outputs 445 and 450, respectively.
Transistors 405 and 410 propagate Cly and Cly_bar if Py is asserted high by PGK
logic 209. Transistor 425 generates COy if GPy_bar is asserted low. Similarly,

20 transistor 420 kills Cly if Ky is assert high.

[0041] FIG. 5 is a circuit diagram illustrating a sum cell 500, in
accordance with an embodiment of the present invention. Sum cell 500 is one
possible embodiment of sum cells 210. The illustrated embodiment of sum cell
500 includes NFETSs 505, 510, 515, and 520. Sum cell 500 receives an XOR

25 input 525 to control the gates of NFETs 505 and 510 and receives an XNOR input
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SUMN_bar and SUM N (see equation 2) on its outputs 545 and 550,
respectively. [0042] XOR inputs 525 and XNOR i nput 530 are generated by sum
| ogi ¢ 212Ayohasadosss operand bits A N and BN. Sum cel | 5@0Taso@msessa

| ogi cal XOR of XOR input 525 and C IN received on input 535 to generate
sumN on output 550. Simlarly, sumcell 500 conputes a | ogical XNOR of XNOR

I nput 530 and C N bar recei n_jnpu 0 to geperate surri,, N bar on

out put 48 to[(*@@y@j't?]q gateg of gﬁ%-locﬁ 5%5&“5 éaégrlﬁfﬁ‘ %ﬁﬁggg FSEFHGS ?'“&:QPS%SS um
cell 600, in accordance with an enbodi nent of the present invention.

Car r y- s gompemesdCIN_Hasee inpielsiSscansh b4l respectyelys andycomprtes| | 13 220. The
i1 lustrated enbodi nent of carry-sumcell 600 is simlar to sumcell 500,
except tSiéMjnipart snch 88 Mo (seleeshuation &) einvites cutplits 246 andSbabtespeciVealirough
carry-sumcell 500 is illustrated for use with bit position 13 of adder

200, carry-syop42] | XOFOnpatsBREAMY XADR iR 330 sreapsiieratedidiesivplogiesi ti ons.
Dependi ng upon the particular MSB position, the particul ar propagate

var i ghl i 67! dperahiPBfs I [, SBA GidsPeth RIdf
conngct ?(S)lr?P\t/)\nh?ﬁa ggud t irons gs ggig{r?gg'}'i. SFOO%%} 5@2?9@‘?’%”1 cel Ggg)i S one
enbodi of Y4 cell - w th S ordi ngly,
carry-s @é??&f)% ?'i%gf@ées(:%évﬁgz é@wg@;ﬁﬁ%&#sw@%tsbgﬁfv @?gﬁ@%é‘g@l mlarly,
in this enmhodi nent, control blocks 250 | d -S ells 600 with a
bai 1 of SBHANK ST SR POOCRRIRIRE 4 adeark bR g ¥RRIR e Sabiancchybat 1o
and 11. CTRLIN =GPn PN, (Equation 9) CTRLI N =GPl | N_ N, (Equation
10) wher geppived oANNIMEMO to g@NisiatecstmLbaremusytppt 85.7 is a di agram of a
system 700 that nay incorporate one or
[0043] FIG. 6 is a circuit diagram illustrating a carry-sum cell 600, in
10 accordance with an embodiment of the present invention. Carry-sum cell 600 is
one possible embodiment of carry-sum cell;3 220. The illustrated embodiment of
carry-sum cell 600 is similar to sum cell 500, except the inputs are coupled to
receive different variables. Although carry-sum cell 500 is illustrated for use with
bit position 13 of adder 200, carry-sum cell 500 is equally applicable to each of the
15 MSB positions. Depending upon the particular MSB position, the particular
propagate variables Py logically ANDed together varies, as described above in
connection with equations 6, 7 and 8.
[0044] Carry-sum cell 600 is one embodiment of a carry-sum cell 220 for
use with an LVS adder. Accordingly, carry-sum cell 600 receives and generates
20 differential signals. Similarly, in this embodiment, control blocks 250 provide

carry-sum cells 600 with a pair of control signals CTRL1y and CTRL2y, given by

equations 9 and 10, and 11.

CTRL1, =GP P

N?

(Equation 9)

1=>(N-1)

CTRL2, =GP, P,, (Equation 10)

1>(N-1)
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nore adders 200, in accordance with enbodi nents of the present invention.
The illustrated enbodi nent of system 700 i ncludes a chassis 710, a nonitor
715, a noweeoisadef3er ot her pointing device), and a keybeardszaso2i88e
illustrated enbodi nent of chassis 710 further includes a floppy disk drive
730, a hard disk 735, a conpact disc ("CD') and/or digital video disc
("DVvD'") drive 737, a power—supply—{net shown), and a notherboard 740

popul ated wi th apprepereat &yiR{dgr@td circuits incl udi ng{Equation hBnory 745,
nonvol atile ("NV') menory 750, and one or nore processor(s) 755. [0046]

Processor (s) 1 ) i e o R orNV nmenory
750, har d. al J e R o R B et 420

chi pset r ej i ot ordat a
Eher ot o THIS BIER e AL 5T BB RSy G pPetdrt iipns THERY
device. .In other enbodi nents, NV_nenory 750 inclu any one pof_ read only
nenory ('lktﬁﬂ@t'?‘,?em%(?&mﬁ% |S(.§IS}:€@/|76§H %'ng?%amﬁﬁ'é PéX?@%?r ﬁlse(?tri cally
erasabl e programmable ROM or the |ike, In one enbodinent, system nmenory
745 Pnclmeese 730 forethecpeisting devige] "ansha keykeard 725. dilimaitvetraed (" DRAM ) |
synchronous DRAM ("SDRAM'), double data rate SDRAM ("DDR SDRAM') static
RAM (" Srmwddimentl of bleadsik @10 Hatherdingkdese floppy eliskndrivean30, st barsdisidevi ce for
software data, applications, and/or operating systenms, but wll nost

typi cal 1735a cormsaut @iy (“CO” sand/ag digitavvideo disty (DYDEKdMAD78Rya ppiveonal |y
i nclude one or nore of an integrated drive electronic ("IDE") hard disk, an

enhanced; iy (noEskEwh), Riadsl hfdfhe@o_aftﬂmlﬁabu%@%cgkglitﬁ;aﬂﬁmm@q#ﬂagraﬁéa ks

("RAID"), "a’shall conputer systeminterface ard di sk, "and the

| 1 ke. [iocgr%mts iRy SYBRH ARMory 43 hBRT&aliRt @13 GHemdhy760 Mdd dné BP!

shown)

10  more processor(s) 755.
[0046] Processor(s) 755 is communicatively coupled to system memory

745, NV memory 750, hard disk 735, floppy disk drive 730, and CD/DVD drive 737
via a chipset on motherboard 740 to send and to receive instructions or data
thereto/therefrom. In one embodiment, NV memory 750 is a flash memory device.

15  In other embodiments, NV memory 750 includes any one of read only memory
(“ROM"), programmable ROM, erasable programmable ROM, electrically erasable
programmablé ROM, or the like. In one embodiment, system memory 745
includes random access memory (“RAM”), such as dynamic RAM (“DRAM”),
synchronous DRAM, (“SDRAM"), double data rate SDRAM (“DDR SDRAM”) static

20 RAM (“SRAM"), and the like. Hard disk 735 represents any storage device for
software data, applications, and/or operating systems, but will most typically be a
nonvolatile storage device. Hard disk 735 may optionally include one or more of

an integrated drive electronic (“IDE”) hard disk, an enhanced IDE (“EIDE”) hard
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coupl ed to an expansion slot (not shown) of notherboard 740. The NICis for
connecting system 700 to a network 760, such as a |ocal area network, w de
area net wsokpoeariogage I nternet. In one enbodi nent networ RCTAB2005/0b4884 her
coupled to a renote conputer 765, such that system 700 and renote conputer
765 can communi cate. [0048] I n one enbodi nent, processor 755 may include
one or nore adders 200 to provide full adder functionality. For exanple,

pr ocess disky 83eduydani @rayeofdndependamnt disks (GO Lra small spuputersystamor m

mat hemati cal functions having one or nore adders 200 cascaded to provide

hi gher artddace (9@8I7)drartl diskt, iaodahetige. Enbodi ments of adder 200 may be

I ncorporated into the ALU to i npl enment hi gh-speed ALU subconponents. [0049]

As descri bed[ggwr|e, In dhdasmBOGInTERY, PAeiwtiRimeHatedatd (NI ga6ssHwn)IS, as
wel | as, various other integrat ed circuits. Descri ptions of adder 200 may

be generahg@d%da SPRrlsh él@fﬁdo‘i‘%ﬁéﬂﬁfﬁh%%érﬂ&&rdoime‘?ﬁé'i\llé%f&r ot her

various application'specific Iinte ed circurts ("ASICs" For exarrpl e
behayi or al vel r 0 rt
gener at caIeAg SRR ARG 4 Bl %c&haaﬁdggﬁsaa%%@g*%ﬁoﬁ% 2 log.
and stored to a nachi ne-accessi bI d| um I sk, floppy
sk eretyorkear IRoIInEt. P spoREnent Necoalk 260 WARCHEOWIRRIS &d 1 nto
regi ster transfer level ("RTL") code, a netlist, or even a circuit |ayout
and st oremotecempisti/es. suee it systembddd andTREICk RaPUERlI 765580 code, t he
RTL code, the netlist, and the circuitlayout all represent various |levels
of abst caaimomicate. descri be enbodi nents of adder 200. [0050] The above
description of illustrated enbodi nents of the invention,
[0048] In one embodiment, processor 755 may include one or more
10  adders 200 to provide full adder functionality. For example, processor 755 may
include an arithmetic logic unit (“ALU”) to perform mathematical functions having
one or more adders 200 cascaded to provide higher order summation
functionality. Embodiments of adder 200 may be incorporated into the ALU to
implement high-speed ALU subcomponents.
15 [0049] As described above, adder 200 may be incorporated into
processor 755, as well as, various other integrated circuits. Descriptions of adder
200 may be generated and compiled for incorporation into processor 755 or other
various application specific integrated circuits (“ASICs”). For example, behavioral
level code describing adder 200, or portions thereof, may be generated using a
20 hardware descriptive language, such as VHDL or Verilog, and stored to a
machine-accessible medium (e.g., CD-ROM, hard disk, floppy disk, etc.).
Furthermore, the behavioral level code can be compiled into register transfer level

(“RTL") code, a netlist, or even a circuit layout and stored to a machine-accessible

medium. The behavioral level code, the RTL code, the netlist, and the circuit
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including what is described in the Abstract, is not intended to be
exhaustive or to limt the invention to the precise forns disclosed. Wile
speci fi c wohwoeiiimessgs of , and exanpl es for, the inventiorcarns2eesessshped

herein for illustrative purposes, various equivalent nodifications are
possible within the scope of the invention, as those skilled in the
relevant art will recogni ze. [0051] These npdifications can be {mde to the
i nvent i ¢aYQU! allirgpiiesspt Yaiousisyels fl phsirastifbiacdesarios PmaeMesie! used in the

followi ng clainms should not be construed to limt the invention to the
speci fi @dsleb880nent s disclosed in the specification and the clainms. Rather,
the scope of the invention is to be determned entirely by the follow ng

cl ai ms, whi clj0as6] tThdabowmdeseripdionrof dctatethembodiniertsiciithe Bivedticoct ri nes
of claiminterpretation. CLAIMS What is clained is: 1. A nmulti-bit adder,

conpri siiR@ludingGaidtis 8B3tAbddPingRb Abistraet, Ys RECIPRIRIR toIR Sk tivalad tdi | |
carry-in bits; a carry-skip network coupled to the carry chain to

sel egti ‘fﬁ‘ﬁib’th%‘ﬁhw?er‘itib‘?w Hf’qhéﬁf%ﬂgé {f?jrg%véﬁécl%eﬂ.eWﬁileo%oﬁ’f% iBBdMertd B carry

chai n; sum cells couple carry chain to sumthe carry-in'bits

w th correspondi.ng bits of t oper.ands, each. of the sumcells to generate
one. bi ¢ G5 SRR 16 15 Buahih A detrbeg it orlgIrR N EfiPoReto ecer v
one of the carry-in bits o a single internediate bit position on the carry
chain ar\’@”PésﬁélHé’laé% naerdifigationsrare posgible WltBthhﬁﬁepﬁﬁﬁﬁh%Wij% For e

significant bit position than the single internediate bit position.
those skilled in the relevant art will recognize.

[0051] These modifications can be made to the invention in light of the
10 above detailed description. The terms used in the following claims should not be
construed to limit the invention to the specific embodiments disclosed in the
specification and the claims. Rather, the scope of the invention is to be
determined entirely by the following claims, which are to be construed in

accordance with established doctrines of claim interpretation.
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2 . The multi-bit adder of claim1l, wherein the carry-sumcell is coupled
to logically XOR the one of the carry-in bits to the single internediate
bit posi tworosddipssa control signal to generate the one lpct/usbodshesssul ti-bit
resultant. 3. The nulti-bit adder of claim2, further conprising a control
bl ock coupled to the carry-sumcell to generate the control signal, the
control block coupled to determ ne Wate val ues correspondi ng to each
bit position of the nulti-bit resul etween and including the
internediate bit position and a bit position of the carry-sumcell by

| ogi cal IWhdrickiMedri$:espondi ng bit positions of the two operands, the
control block to logically AND the propagate values to generate the control
si gnal . 4. Thd.nimultidbittadsigdesoroprisingi m 3, wherein the one bit of the
multi-bit resultant and the bit position of the carry-sumcell conprise a
nmost si gni fi cagdrnpeiiainas stleetivall progagaté} gerirate, @ndlKilacarmgirdbitdie t wo
operands. 5. The nulti-bit adder of claim3, further conprising nultiple

carry-sum cel HUARb AL JUDIESESIneed: Bvaiftiskip-thB dainfys to the
Si ng?e i nter rﬁs%ail@taghgit posi ti'%n and to égﬁ%ﬁﬁé@geﬁgrt I gn %)f the”ﬁ}r,ul ti-bit

resul tant Pplg\égﬁgag:e%sl?&ﬁsgb@ta% &gﬁg\@g;}gtﬁ@gﬂ. nternedi ate bit position and a

nost sign osi tion I hcl uding the MSB position. 6.
The multi-bit adder of claimb5b, wherein a porti of the Sum. ells are each
coupl ed t o orfdFelsEoynled ARG thaApYheimn i Fundae cag Vel PRE i ng bi t
positions to generate sonme of the portion of the nmulti-bit resultant having
bit posicoreseopdingeils af iwoopesandsyicach ohthe pdiaallsio grnetate OB ti on i f
one of the carry-in bits is generated between the internmediate bit position
and t he nvigB-porsisuitamt; and

10 a carry-sum cell coupled to receive one of the carry-in bits to a single
intermediate bit position on the carry chain and to generate one bit of the multi-bit
resultant having a more significant bit position than the single intermediate bit

position.

15 2. The multi-bit adder of claim 1, wherein the carry-sum cell is coupled to
logically XOR the one of the carry-in bits to the single intermediate bit position with

a control signal to generate the one bit of the multi-bit resultant.

3. The multi-bit adder of claim 2, further comprising a control block coupled
20 to the carry-sum cell to generate the control signal, the control block coupled to
determine propagate values corresponding to each bit position of the multi-bit
resultant between and including the intermediate bit position and a bit position of
the carry-sum cell by logically XORing corresponding bit positions of the two
operands, the control block to logically AND the propagate values to generate the

25  control signal.
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7. The nmulti-bit adder of claim1l1, wherein: the carry chain conprises
cascaded propagate-generate-kill ("PGK') stages to selectively propagate,
gener at e,wendodwi1bgzst he carry-in bits; and the carry-ski pcmatSeansio24389pri ses
carry-skip cells coupled to the carry chain to selectively skip the
carry-in bits over groups of the PG&X stages. 8. The nulti-bit adder of
claim?7, wherein each carry-skip cell conprises:a transistor having a
source termnal, a drain termnal, and a gate termnal, the source and
drain termnals coupled to shunt one of the groups of PGK st ages; and group
propagat e (" @ The owitebt edgeeaf elgin Be“@@[@nt{@ ﬁﬂﬁé?l't ofithe nutibigi ¢ to
determ ne when a carry-in bit to the shunted one of the groups of P&

st ages «aasultdet pndike bitlpositionndfetle caeryefunt bell gomppise @af mB&Ksighifigast bib be a
next carry-in bit to a next group of the PGK stages. 9. The multi-bit adder

of cl ai rpokitichBTRRE PhulE-bitGeEHariladdane tWb operas®.| s, and 4 carry-sumcells,
and wherein the nulti-bit adder conprises a 16-bit full adder. 10. The

mul tis-bit adder of claim1l, wherein the nulti-bit adder conprises a |ow
vol tage swi ng adder and the sumcells are coupl ed to generate the multi-bit

ampli 1o s cotpl i nbl gEGEF bt Sl o Bl R RIRAEI o BB, 1 ne sum

E,e: : ,Snglgleggé@gﬁfqggg{e@ tgng%é\s/lgrt]rg%p?\g logﬁié ¥f§r|r§/ |rP E)I(tjg to t%e su’cllglqutg?r%g&fatg

bit position and to generate a portion of the multi-bit resultant having bit positions
between the intermediate bit position and a most significant bit (“MSB”) position

10  and including the MSB position.

6. The multi-bit adder of claim 5, wherein a portion of the sum cells are
each coupled to one of the multiple carry-sum cells having corresponding bit
positions to generate some of the portion of the multi-bit resultant having bit

15 positions between the intermediate bit position and the MSB position if one of the
carry-in bits is generated between the intermediate bit position and the MSB
position.

7. The multi-bit adder of claim 1, wherein:

the carry chain comprises cascaded propagate-generate-kill (“PGK”)

20 stages to selectively propagate, generate, and kill the carry-in bits; and
the carry-skip network comprises carry-skip cells coupled to the carry chain

to selectively skip the carry-in bits over groups of the PGK stages.

8. The multi-bit adder of claim 7, wherein each carry-skip cell comprises:
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sunmm ng equi valent bit positions of a first operand, a second operand, and
the carry-in bits to obtain a first portion of a nmulti-bit resultant, the
first porwoanos/nedssdi ng an internedi ate bit position an@crassossiogussd i cant
bit positions than the internediate bit position; generating control
signals based on the first and second operands; andlogically XORi ng the

ot ormne o SOEGIFBbREVER 2piodiie v Bidraidetiniahianc: & 8 Bminaor t on

including nore significant bit positions than the internediate bit

posi ti othe sourcerandhdraipterginals gpupled toshrnheane ebiie 9oURg of E&Gkstaagst y

ski pping at | east sone of the carry-in bits over portions of the carry

chai n, igndthe portions are deternined to propagate the at | east sone of the
carry-in bits. 13. The nmethod of claim 12, wherein generating the control

si gnal s. conpigre&s prafatRtet GRY) gkt op@siat @ Wed gatef termipal theiGR ety e
significant bit positions and the internediate bit position by logically

XOR B9 daflorh8 IR #Larpiid bR95 Wi Suad ofnléeoflrﬂjé JEUSOPCRMNtadied capsi L1 ons

of the first an con perands; and | ogi cal NDi'ng the propagate val ues

mor o 51 GRH PIinYshPRigkhe B Be 5L fr P RAGeg OB e 3ah iR, '™

conpri si ng: .sunm ng,equiyalent bit positions of the first operand, the
second &&?ﬂﬁ?u%ﬁgth%ébg§t?99?n bits to obtain the second portion of a
multi-bit resultant, if the internediate bit position generates a

carry-out. 1%. Tiemdti-hdadger ef elrim Y1 comprising 1€ Bfals siaoag: 16 sum cells,
and 4 carry-sum cells, and wherein the multi-bit adder comprises a 16-bit full
10 adder.

10. The multi-bit adder of claim 1, wherein the multi-bit adder comprises a
low voltage swing adder and the sum cells are coupled to generate the multi-bit
resultant as voltage differentials, and further comprising:

sense amplifiers coupled to sense the voltage differentials output from the

15 sum cells.

11. A method, comprising:
selectively propagating, generating, or killing carry-in bits along a carry
chain;

20 summing equivalent bit positions of a first operand, a second operand, and
the carry-in bits to obtain a first portion of a multi-bit resultant, the first portion
including an intermediate bit position and less significant bit positions than the
intermediate bit position;

generating control signals based on the first and second operands; and
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sensing differential voltages for each bit position of the nmulti-bit
resultant to determne digital values of the nulti-bit resultant. 16. A
machi ne- asoes®ihbssmedi um havi ng cont ai ned thereon a degcriysteosn2389 an
integrated circuit, the integrated circuit conprising: a carry chain to

sel ectively propagate, generate, and kill carry-in bits;a carry-skip
network coupled to the. carry chain . to selective skip .the capryin bits
over porti onéoQi?allyr?éB g {pecipigrmediate Hit %‘lﬁ'ﬁ%‘l’gltée ra gy e carry

chain to sum equivalent bit positions of first and second operands and the
carry bicostrobsigaalsrtadeterriine grsesendiportias obtheunuiti-yi tespliang, thensecaneke fir st
portion including an internediate bit position and | ess significant bit
posi t i oportidraimctuting mioee sEpifataat bit popitisnt ithem thenidteroedigie ditqaositiorsum cel | s
each coupled to the internediate bit position of the carry chain to
logically XOR the internediate bit position of the carry-in bits with
control signals to generate a second portion of the multi-bit resultant,

the gecond pgwt if4L H&%ﬂibﬂ%iﬁ?fﬁ ﬁjr%'éirfcbﬁﬁ‘ﬂi%i .t positions than the

internmediate bit position. he machi ne-accé€ssi bl e nmedi um of cl ai m 16,
wherein the integrated.ci.rcuit fur r IS I each
coupled to oﬁgﬁeéﬁvglﬁéﬂéoiﬂ'?@-gt{?ﬁsggﬁwﬁg O[fgﬁ%gé@iﬁgﬁgﬁgé'géﬂgpﬁgléipb%al s, the
control bl ocks each including: XOR |ogic coupled to |ogically >§C§ t he

| nt er e dREYENGIN, IHBSIRATIANS AR detorained 6 Arapagate aS AbleRsLRgmPTdaat bi t
positions of the first and second operands to generate propagate val ues;
and AND casgyrio kitsupl ed to | ogically AND the propagate val ues between and

including the internediate bit position and a bit position of the control
bl ock. 18. The. nHuhmethed obslainb|1@, whdraimgehetdtimigrthé Confrat sigealsconpri si ng:

10 comprises:
generating a propagate value for each of the more significant bit positions
and the intermediate bit position by logically XORing the intermediate bit position
and the more significant bit positions of the first and second operands; and
logically ANDing the propagate values between and including the
15 intermediate bit position and each one of the more significant bit positions.
14. The method of claim 13, further comprising:
summing equivalent bit positions of the first operand, the second operand,
and the carry-in bits to obtain the second portion of a multi-bit resultant, if the
intermediate bit position generates a carry-out.
20 15. The method of claim 11, further comprising:
sensing differential voltages for each bit position of the multi-bit resultant to
determine digital values of the multi-bit resultant.
16. A machine-accessible medium having contained thereon a description
of an integrated circuit, the integrated circuit comprising:

25 a carry chain to selectively propagate, generate, and kill carry-in bits;
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second sumcells coupled along the carry chain to sum equival ent bit
positions of the first and second operands and the carry bits to generate
t he secomoposdidiesssof a nmulti-bit resultant, if the intecrastaso24384
position generates a carry-out.19. The machi ne-accessi bl e nedi um of claim
16, wherein the first and second sumcells are coupled to generate the

mul ti-bit resultant, .as yoltage differenti al .and further comnprising: sense
amplifiers cGUETBESYB @X\HQ% ‘f%r'l’@?%{qthﬁeca(ﬁyfcfﬁ?r"éﬂ? ﬁ%lp§ﬁ\6§i¥ B@Pqﬁ?(?ﬁf ach of
the first and second sumcells. 20. A system conprising: synchronous
dynani c in BiteleMerReEe8s REHIG Garry €M ) ; " and a processor coupl ed to access
the SDRAM the processor including a multi-bit adder, the nmulti-bit adder

i ncl udi ng: aficstrsuyn calis coupledaldngdbe canry affaim topamaaquivalenidritpesitiensd ki | |
carry-in bits; a carry-skip network coupled to the carry chain to

sel ect i \¢Kiyst Sndisecbad Gperandsiad tree carey bitd td gendratna fipstigoriion of at he carry
chain; sumcells coupled along the carry chain to sumthe carry-in bits

Wi € hg.cornﬁ ﬁ%ﬁ@%ﬂ@afﬂ! tre @bt ,lsmoﬁm%laﬁﬁgyarﬁﬁfé}n@diéta%it%it&m Ad Isgener at e

one bit of ‘a multi-bit resultant; and carry-sum cel " coupled to receive

one, o ARV R el e PSRBT A oo, on on Lhe oarry
significant t?ri1LtjIti;‘))l(tjescgatriryqsnur%Q:aeﬂs teggh %ioﬂg;e% tio%g rin epniug1 igtebti>i¥ pgs%ci);[\ io?ﬂ'ie
carry chain to logically XOR the intermediate bit position of the carry-in bits with
control signals to generate a second portion of the multi-bit resultant, the second
10  portion including more significant bit positions than the intermediate bit position.
17. The machine-accessible medium of claim 16, wherein the integrated
circuit further comprises control blocks each coupled to one of the carry-sum cells
to generate the control signals, the control blocks each including:
XOR logic coupled to logically XOR the intermediate bit position and at
15 least some of the more significant bit positions of the first and second operands to
generate propagate values; and
AND logic coupled to logically AND the propagate values between and
including the intermediate bit position and a bit position of the control block.
18. The machine-accessible medium of claim 17, further comprising:
20 second sum cells coupled along the carry chain to sum equivalent bit
positions of the first and second operands and the carry bits to generate the
second portion of a multi-bit resultant, if the intermediate bit position generates a

carry-out.
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2 1. The system of claim 20, wherein the carry-sumcell is coupled to

| ogically XOR the one of the carry-in bits to the single internediate bit
posi ti on wibt2hosz1es38t r ol signal to generate the one bit eCTiuseoosobisse bit
resultant. 22. The systemof claim2 1, wherein the nulti-bit adder further
conprises a control block coupled to the carry-sumcell to generate the
control signal, thecontrol block coupled to determne pr te val ues

corr espondi nd % oTr@a@ﬁcﬁinP'%ﬁﬁ'P&”@ﬂ'qmé’% Rl 1-60i"‘fherr%'gdﬁ$§?ﬁaf et ween and
including the internediate bit position and a bit position of the carry-sum
cel | by seognd abinycelisRiragoupleddogandgiratg the mytidit resukandfas dtaggo oper ands,
the control block to logically AND the propagate values to generate the
cont r ol diffegentials 28nd flrthes yotrpmisidig: ¢l ai m 22, wherein the nulti-bit adder
further conprises nmultiple carry-sumcells each coupled to receive the one

of the car VY‘sieHs@iahﬁalﬁi@ré&ﬂjpl‘fécﬂ‘ﬁi Sendd B RagbifrenBAISIdutS\it frdte daeh

generate a portion of the multi-bit resultant having bit positions between

the int j i il nd a nost significant bit ("MSB") position
and ?nc?’ﬁﬁ%@ﬁ@%&ﬁ%@?%‘?@g 24. The system of claim 23, wherein a

portion of t sumcells are. each coupled to one of the nultiple carry-sum
cel I s havi ng “<Cor é¥ﬂ8ﬂhicﬁa1p6‘sfngposi tions to generate sone of the portion of

the nulti-bit resultant having bit positions between the internediate bit
posi ti on and SYRENIORBUSSYNaMimrandoghaceassyReMOLY K pRRAMY @nds gener at ed
between the internmediate bit position and the MSB position. 25. The system
of clai m 24, aprocessoridesipiad to adsiess el SDRAMpheserocesI@-ipeluding vol t age
swing ("LVS") adder having a MSB carry-out and a | east significant bit
("LSB") noaltibit adder2the mhki-lsiyatiden in€ludingi m 25, further conprising at | east
two 16-bit LVS
10 a carry chain to at least one of propagate, generate, and kill carry-in
bits;
a carry-skip network coupled to the carry chain to selectively skip the
carry-in bits over at least one portion of the carry chain;
sum cells coupled along the carry chain to sum the carry-in bits with
15 corresponding bits of two operands, each of the sum cells to generate one bit of a
multi-bit resultant; and
a carry-sum cell coupled to receive one of the carry-in bits to a
single intermediate bit position on the carry chain and to generate one bit of the
multi-bit resultant having a more significant bit position than the single
20  intermediate bit position.
21. The system of claim 20, wherein the carry-sum cell is coupled to
logically XOR the one of the carry-in bits to the single intermediate bit position with
a control signal to generate the one bit of the multi-bit resultant.

22. The system of claim 21, wherein the multi-bit adder further comprises a

25 control block coupled to the carry-sum cell to generate the control signal, the
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adder s
16-bi t
16-bi t

10

15

20

coupled in series, wherein the MSB carry-out of a first one of the
LVS adders is coupled to the LSB carry-in of a second one of the
L \X8oadetar $838 PCT/US2005/024889

control block coupled to determine propagate values corresponding to each bit
position of the multi-bit resultant between and including the intermediate bit
position and a bit position of the carry-sum cell by logically XORing corresponding
bit positions of the two operands, the control block to logically AND the propagate
values to generate the control signal.

23. The system of claim 22, wherein the multi-bit adder further comprises
multiple carry-sum cells each coupled to receive the one of the carry-in bits to the
single intermediate bit position and to generate a portion of the multi-bit resultant
having bit positions between the intermediate bit position and a most significant bit
(“MSB?”) position and including the MSB position.

24. The system of claim 23, wherein a portion of the sum cells are each
coupled to one of the multiple carry-sum cells having corresponding bit positions
to generate some of the portion of the multi-bit resultant having bit positions
between the intermediate bit position and the MSB position if one of the carry-in
bits is generated between the intermediate bit position and the MSB position.

25. The system of claim 24, wherein the multi-bit adder comprises a 16-bit
low voltage swing (“LVS”) adder having a MSB carry-out and a least significant bit
(“LSB”) carry-in.

26. The system of claim 25, further comprising at least two 16-bit LVS
adders coupled in series, wherein the MSB carry-out of a first one of the 16-bit
LVS adders is coupled to the LSB carry-in of a second one of the 16-bit LVS

adders.
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