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| Parallel -ADDERS2

Parallel adders are. e nuwost Guportout
elements  Used n  arthimetic Operakions o} rileroprocessors,
psPs etc, As T any ln;ffa desfgn -they are congtraihed
b% parameters Such aa 8Speed, aka, amd potoer
dPaefpatdon « The adder cell T8 atso an  elerent of
mubtfplfers, cffdets, routkdpler — actumulators (M#Cs) , ety
'4"’0“? 4he VO¥ipug adders ﬁmplcmenta{ﬁons‘ used f"')
CT many  designa, we can dte -the. —follotoTng clasces.
- TFRrpple Carry Adders Uac#r);
= Cany Look~ Abcad Adders [cLh);
> Cary select Adders (cg); and
> Condftfonal Bum Adders (cs4). f

= -ﬁ‘l’pplc Carrcj %ader‘.j e
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In a n-bft adder, a prapaqatfan of the carvy
always ocets: Tia  propagation Mrts the gpeed oF
4he adder. .The ofroplest coay 0. ¢onstiuct - an In-—&f't“
adder To b cascade n 4be addsess shown TN -prg -
9 adder fo calied Ripple corry Addes (RCA)

Beause the oamj rfpples —fﬁrough ~¥e nekacaegf-ﬂie

Sum of He B b ean't be paformed wiil e
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en-y Mo evaluated. Te delyy of n-bft addetfon 99
qfven by -
trea = (n-t) te+ts

lohepe, NG o w{f ddcuj

15 A9 -he Sum ddcud‘
&fnce  4pe cdmd propaqaﬁ"on poth fa a4 ciGeql gm,?&
Aor ~the delay, Hhe full- adder celt Should  be op¥indl zed.
The suv and corry ouk are fven‘ bﬂ
5= ADBBE
 Cour = AB+ (AB). O
Conipated -to the conventfonal oMPS full— adder
froplementatfon, there 3 no  dnverter stage. Werefore, -t
carry delay do teduced + O optirafEe the cell, e \ D
transfotors G e comy path  $Op and win, @n be
Sfzed Up. 2. &yrrocthtal and leads o better layoul
and cmall area. gfpce —be outptts are complemented ,
and fn erde +v cfmp}'emg‘m-—“an RCA- dreutt, Hhe
Corfguatten o -Wgt93 can be Nsed. In o CASe,
mang  tells are  uge dnterted Lrafks: Toputs.
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It +0 e zaﬁwﬁ’nq problern + b ghoig a  Stodic FFrmmulaifon

Note -hat an n-bft KA gt 8 Subjet

of a t-—-blt adder, Wit he drputs AT Seb o zero
(0), and -#e Toputs Bf and o afging -from o0 i 2.

The outputs 5f shoutd glay  at- o, however due o

+he deloy o the eoury Stqal, +hrough  ehatn ot —fult
adders, +he outputs exAbit gpuﬁ’aue -trandistfons (‘3'@*&"'?)

Carry Look ~ Abead  Adders .

To awfd he [hear qrawth of ~the carry ddmfj’
e Use a cahy Loskahead wAdder (ciA) o toifich “the
carfles " can be  generated & parallel - The arry of eash
bit s generated Frorm he propagate ond the gevetate
gfgnols (pr, 1) as toet as dhe dnpur Qary (co) Tie
pmpaﬂm ond the ﬂenemtt gﬁ’gnafs (P1,61) ate det ved
<tom -the operands AT ond B7 by

G = Ale Bt
'Pfr = A'T'f’BPI"
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-—P’iﬂ:qq Shows -he block &f’aqgam of @ Y—BTt CLA adder.]
Tie. Cany generator blocks (1ot o ctay) qenerate b carfies |
el to ¢, B paralted, fon the  earry @ Hgnal Co- The
ditferent P and 4f Sfgnals  are Guplemented ~fotlosofg
~the exprecfions ?‘?VU) b% equatfons. Tle Sum ﬂenerator
blocks (584 +o0 gay) qenerate -he Sums. The Sum S
1a ﬂe,nemtzd by .
8- G,y ®ATOBr

2 @r)
- | 1= o1 P
i be propagate 9?81101 Ta dfivep bcd

Pt = A¢®387.

In «ﬂenem}, on 08t CLA adder con be Troplernented
&-F-Pﬂej’entf«d ust?n? y—bft  blocks:

Cami —Select Adder #-
dAnother adder Gplementation  olfeh  Gmproles

the Gpeed of -he ECA o the Cony Seleck adaer(cs) .
lt—profides @ reqular ltufout', as & the case oF an RA-
A Leas‘j adder baeﬂcamj condiots o} bloaks: each
Qccu;&ﬁtﬂ ﬂo@c } odcidtions .«  DOne. assures that the . le
eorry n da 1 dhe other assumes dhe carry 4n 95 .
The. teal carrt| ds coroputed ~froro the pretfous bloeke
and gselests one ot the <bwo sum eutptt)s ufth Q
Sfople 18 mubifplexer. e  Ctar

- e cwry) Sfgnal, ey, ‘elects the  pext Afour
8ums  and carty Gg. e U—bft= adder  bloeks  toually
Use PTCA tofth -HangmTFeefon ﬁa:tt qul¢mmfﬂf%n. “or a
39-b adder, the wuse of -nowmal gfﬁq?ﬂnﬂ Y-ttt} -t
doesn' lead 4o an optimum delwi. Hfe A due 0
e tiplong | dloy of the perr oy

bniv-3, p5 — 6 12




-

e ne
B AW 1d2 &b Ewﬁo M&uam iy

_m.m wﬂm. m.W om
L A A
OS5 . w@m
IT [ T ] - N
ﬂbJU o m@l_l.v
.Nm c -..J_ n F TU
-~ ..nm.U OﬁU OdU M | |- bt $1 +_U
%& _GW%UII ...|.||a||.w6.*HUAL 15,
1 Pl p N 97>
AmU oK} wx 0qU q_U . ru

ml. ;
pnm $3344ng

woiy -3, Py — 7’/)8;’

® ©




AL30> B23:0>

:’ 4 i“‘ L -y .
: oM v .
o by 2 T
Co—-—‘:r Y bit- gada Cg
addes Gt =
l G-
fq P
5«23:0> -
U-eft C
ad0les 8
5 Gin=0
Y

S«31y>

Tige- o st ardttectare o Coy Seleok adder.

dmmulattons  show -that the epttmal staqing
o d Bo-bet Co adder udng TEs A5 U-t-3-q-8
b 3.3V potoer Supply vottaﬂ&- Tia dmplementation Ta
reqular and easy o layous, bowever @& bhas q
higher ocoupted area -than the RCA
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Condreonal  Sum addets 2
Condifonal  Sum Adclers Ccs‘ﬁ) as the  fast=st one,

o @ theorifeat  poTME of ‘e The conaept" behind s

archetectre.  fa explained ,u_ﬁ@nca +phe basic Arafit:

- tses oo 1YpeEs o colts. =7 e condetonal  cell
_s The muttfplexet-

Tor eath bt theile d5  on¢ condftfonal  cell  druft:
It computes twp SumS3 ad oo awres § and ¢’ are

coleulated  por a ety fn wzerd, and o' and ¢! are
Caleutoted por a Coirt ¢n one. e Gelecon of the Hue

gu Pa done tofth e first camy € and poeifous
eorfea  The Hue ffnal cait) oubs ¢y Ga algo sdected.
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4\ Poggfb[c, mepleenfctﬁrm of -the c@ndﬂﬂ"onaﬂ' -
adder s Shotn €in —chd'. SAL Jor he case of a U-BIE

adder ] The conditmal celt can be denplentented  edHth
the compact bogfte  elements « e dffferent dignals ot the

Condftional eelt are (enstiucted usthg Hie —Pottouﬁnca
reladfon . : i

& = ApBy 41 BT,
e ¢f = M Br

S = FpBr+ A B
¢l= AtBy

Te adder U9es madnly.  -for the Mubtdplexers
tranandtsgion  qates: Mote that—-the ardfitecture t9eg the
8ignals  and “thefy Cormpbnents [duaf. —d) a!ch‘?tzci'uﬂ 1o |@
avodd e Use of Unverters —for e mouttfplexers.

6 design an n-ifit[exq; 32 Bit] adder, ohe possible
teehfigue or fast eperaiten fo o U3 stoged blocks o
conatant totath or varfable et tn 73 cage, atl tHe
conditonal  Bum blocks Copute B tespectve clauble Sumg
and dosble outpub Camfes S paialel We <tie Sum and
pd eoty our @fgnals  of each blodks are -then Sdected
bld e Ca"ff én 7enemizd bfi prevfous Stage. ®
e drcMiecture has twd efttdeal deloy  patha
uAtfin o bloek: one —from the  CAMY d@rto the catry ouk
oMoh s Q:ffecked by the layouk Toutfng dince ~the
cary 6n a block g diotfibuted o alt e —final
muMiplexers. The other offleal delay padh 93 Hie ene
Lo dhe Lok —Tnput- s a bock block. -to Carrﬂoub

15 teduce the powet dfsgTpatfon and -the ddaq of
She oA adder, a cpt—Ike ot Stgle can be used.
the output- gfqnals  bave a hff?h level voltage equal
40 Vop—V1= The conttd gfgnals 6 the  muttdplexers

| shoutd  have fult —sofl  3wq-  Inthenever a -full-vof]
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g needed €t can be qenerated Wih  the

doutble — a8l Sing restored  freutt oF —ﬁffﬂ 8. The
~foedb atk pMps  Hangfator (9 needed o testore e
m‘ih level tohen onlci Qa gincdfa _xdil edgts Ve layout
o ouch an adder seqular. oMty Hhree  ¢olla of e
1t ond ard  bits have to be dsawon. Fg:lq e atrates
the l_a_nrout" of a u-bf bleek dn 8 08 LM deeﬁﬂn atiles.
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Lovo —Vottage , Lovo - poroer .Des?_c];) Technigies r;-'ll N,

Loto —pooer” d;sﬁ’gn s a he ececstly today & all
qntegrated  dreufts. ds’ comparties, otarted . packing. Mol and
more feturer  ard applfecifons on e battery -jopera.t'ed '
Clevfees, battery - backeup Afnte becante.  Vely. 6mp9rﬁw€b-
power consumptfon - glowly - betante. an., dncreastugly
Gmportant- efterfan frone e - Ctistorters: Tiete Afre
efPorts 4o reduce dynanfe a8 well a¢ statfe p@wer
congumption. gp o lob-of Llow Ppoeoer desfien +echrigtied
stted to get employed  during e cifp Dedfgn  PTOCE
4o fediee both staMe and dynandle powoer eonsumption.

| There are ffe “qpes of Llow poeoer DeSTgn TechniTgLies:

> Clock Ga¥ing-
> Power Galfng
'=> Dynandic  voitage ard —frequenty Sealtyg.

-> EP§
> Save and FRestore posoer @Pﬁ‘%
Clock -G,aifm%f:’—
ta
D Q — D A H—
o | >
£nable mf_}
CLK CIX |

'ﬁ'ﬂfi above, shows a ghvplfatic elodk qaifrg scheme.
netead  of usfnﬂ a gimple  AND gote conpantes  Use

more  complex -cells to  avofd ql@ches-
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Tffs toas by -far one of -Hu Hist techrifgiies
b sme poroer[and & also resutls ¢n SA¥g Some alea
due to shoig, however, T Makes He desTagn th‘?ajﬁi
atfigut ' Jor Hnnq and DrT) - The thought- - here s
that - a common clodkt dfgnal 3. qaing. b hundreds
of fbops, o bt of Hum ar b rebaifg thdr old vah,
then e can qaie ot Hu clode 0 guch Afifs & thy
slat tebdfn Huf old "value T qoifng off  resutts '
[es's'af -@qqﬁtﬁ fn the cleds padh  pells and: Hwe
Soles dgnamﬂa po;,oej—. :

Poroer ﬁaifﬁqqc-‘
ln a d,m'cg/apprfcaﬁm [l .large. portfon  of IGs Gs
ot fa use Jora reaconoble Gmownt of e 1§ e D

power +v cuch a pofen & IC Canbe‘uQDO‘Ffﬁheduﬁﬁ%
Can Sove a lot of power. THIS Saves Qtﬂi’fc(fmk@?g
Powes and “can cave Some dynamic power ag coelli tolwre
the cloek toas not ?atzd eff. Do ate Some ansfderatlons
for e techrique- ' =

Q) Co_ﬁtpicg_cﬂrj —for #pplieation pevelopnient_
Ooe of -the penalfffes here. Go  <thot— portfon bed’ng

Luotdch oif sl need 4o be a'e.e—corrﬁgufed bj softroare. ®
aftey Ppotoeh G5 Suftched on for St portfon oF the Aifp.

b) Con@ﬁm & puoer Backend FHow 2~

POwcer Gofd pedign, Syntheste, Pacentent, eledk  Tiee)
Staife nfng ~4nalyata.
0) Complextiy G logia  design o-
\ loolatfon celts, power OFf scheme and  powoer oL the
Schente ~for -thre logta cdﬁnﬂ ohf-
Logfe Desfgni—. o

We need o Cordtal He Stgnal volueg, tolteh are
ofp frond -Hhe taa:hed off porlon. s power. d9 qated off;
ofps fron e power Gated Doniatn shatt start o <fleab
Lonik -3, ®g - 11‘7(1{:{;




| g unknoeon  vabues. Howeves .
kPl g;f:% _";;Uj benalo:us.b )
PoOwey @La:h!d DoMr).  Also n,oarma,ﬂrj a mfrf{ il
% e  value @
Sutithient— 10 conntie Bu nogal —funsMorg 8 the
tontions Cloth Domofn cells. 9 we heed o doslatz
suth —Haaié’wq'va.ﬂueg " and qve logtie o @) lofic 4 +p
8fgnals oot te.  power Gated  porvdb.
Phyelcal Desﬁ?n " | P
ri) ﬂomﬂma— | _
asw;:[;njwmoﬁ —FT;; A i
plan +p dfifde $u area acoordiugley
W Rower &ftds-
Teon  powver  domaing, are crated e 4o b
| namely e Goted povcer poruato and toe conthous  clooke
Domadin. &Pg_mu pawer. q¥Tds are creatzd Hor the 400
domains. Tie gols arc shorted ot~ @ notIEn” pefnks 40
encure Bk Cuviest Aows  bBetween —He +wp domafns &
Woitage - fiHerences - are pifrval dl power Such To used
4o Ghch off e power o pow0e¥ Gated porudin. e
enable for - B Suwoftdh To prowided by the Lao potoey
| Contolier: 1 .
| 1) Synthests and placentent- 4 . - -
olbwmaﬂ:f e sqrrlﬁes(f’s e.ncafnza also  gupport” e
automatde Onsesifon o} foolotfon cCells, 6o —ﬂuﬂ axe
veqifired to be plated at- e boundary ot both -t poUEY
domas. Sl}nﬁxﬂ‘k—z has o +take care b Gt does nok

do ajud croee  border opﬁnﬁ%ﬂi’don betweer)  -tht o3

pouser olomatns.

fv) alock Tree
e Celis Por pips Plops, dn -te condinous
gre plazed G e Saw regfey  and ek dn power épted

Ezc!fonl

d’r)sa:ﬂm hs do  ensue Hal all clocle
clock dontin

UV\]\'"SIPﬁ -——'{/l




B3 dny  new ofp ports  added 4o 4o power Hated
bevadn, as part ef clooh tee dnsertfion o reseb tree
fusertion showd bave Tooladfon cells added.

o

Isolatton cells %o
Tese colls are Ifke a buffer fh enode. e enable

Qfana] ohen aoterted ofakes e ecelt  act ke 4 btrffer
and tohen e enablt fgnal o de-ageerted, H cell ies
a constant value of logde O (o :log‘fa 1. W adottonal
@MP'Oﬂ'ﬂ Ao -that Such celle have -twp power domadng,
the power Gated pomat (Emput domcﬁn) g coitbhrpus alocto
bostadn (efp doriadn).

Lowo powey conktoller ;-

A Lew poioer destgn  wahrfguer  aadioller "rvedule _
comtiols the Sequemce b elents deig power 6n and . powoer
off- ® move e Gated power domai to a power—OF
State, e Sollowhg (s e Squnce of elorks:

2 e lowlpowar Codtoller gets an Grdfeatton +o start
-t posoer @FFSequmcz. Nosnrally guech an Pndfectfon T3
Pen Gt before ~the povceator npves +p ats oo porserrnml,
= Low power  contioller itates e quitug O of e
clocks Gu Be Goded power  domadn. Te. loco power and |
clock  eovitpotleps Moy awftch the clocks of (odous polos
domiofn. to Slower Jtequendice o sove —Jurther power:

—> fnoble ool B de~aucerted, go Wak Teolatfon cells
Fve Comstat \olue outphl

—> e puwer Sufich celle ot short both e pooel
qHfds, are opened so Hiot~He  lLobtages @ e oo powel
dontamy are_ no  lonqer shorted. -

—>La.9tfed, He pouoer o e ?a_ted domatn fa oyftched
oft by e pawer susteh,
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(3)| Dyrasfe vottage ond freqrieney lolards -
| B 'save power another techiigue Ts to  UsE MUHTple
Vot tages and Jrequency  domatna. Bt porifen of Traft
reqeiving Ygher freq ¢an be tokter to a Migher voltage ~for
i fe e UWigh pefornance piode 5 reqtiited
Now-a-daye, olmost alt taptope use afrAflar el
to tnerease peHosmance  wben eonnected ot the MO
by defautt . Noamally e defautt— power safng optfens, als
redece the performance Jewel +o gave batteny fife . tarﬂeﬂﬁ N
alt such dewees atoo pooVide pmc]rwnmabre opﬂorw_ g0 -that |
e woey am chopse as per Wia or her phefetences:
Y| Rlentten Pocoer @{aﬁnca - o
o W techrique has an advatage over powetr Godfug
B, ove Ctan Yebd dhe vale o state  paohfne o
-Hie @ma posoel” Qom&@)- —.Haw.gw,r,- s a  more Ctmfplcx ,
“techrigues  and _&eqcﬁ’rcsl Pﬁ"ﬁher overhead Gn texno ot alea |
and Truplemnentatfon . sHao, haty have Aogie ﬂ»ctemaltﬁ 0 |
stote tre gtate of fipflop toles tu power 99 sustched oif
Due to area and mmzﬂ overbeads, o Ao used ft’o;
Very spedial stenafios, hete ome heeds a -fast-waketp of |
the @Goted pomodn  and toauts o avedd raeomﬂ?ﬁwﬁﬁ«g -t

C eated pomatn. Compare 4o othor -techrfques , $ifs Plethod
has he fastest— woalre~tp dfroe oy state  Mackine
data bén% letafned.

et

9| Sare and TRestore poioer  Gathge-

Thfa zcbrfgue alse has an advantage  over powoer
@pﬁf’ua Hat, one Can - Fetafn -fe talue of state

machine tn e Gated power domatn. Tifs low powelf"
desflgn techniques also has an addéfonal @rQ slerhead.
In tifa dechnfgue , a BAM 49 added 0. Hre CconFous
potoer domdin: Before mbth:, Fitto power'bﬁf-ﬁ*ﬁﬂ.f,-—tﬁez
Goted power domcfin shall save the state mackibe T
RAM Uﬁ’fnfd an addifional state Madsine.
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e lowposoer  dedlyn  techrque < hag an  oleybead
o) olea, the cmp!ez'fhj of design take ime to Qo TlD
potoet off state and alo dakes dme tohfle Confing baok
—from  posoer P gtate. |

Low potoer pesign Trendas—

Gerera] techriges hae been Tivpleniented — over the
past 3p oeors <tp oolte -these Prvblents. bﬁ‘faﬁﬁ/ smf*f-’rq
pooiided the  beneftr oF lower powoer Conouroptfon  and
haber —feature dendtty. but-eventually « clock scal'fhca
fnckeased potoer dme&ﬁ W -be poful- cohete. Neto
tedhues  wete heeded. Ve mafor low potoer destgn
tethofgues Msed ¢n Trs Anelele

¥ D'ﬂf)aﬂﬂfi wcfa&]e Qcal'f’nci-(:..

The_ M?bftl?e, -of- tacadp, levels cam be chbcd Uup or
doton a9 needed—to eonttn} _posoer  consurapiion. ?aim»q
the logfe level ensures lower powet  consurption during
Bwﬁ%ﬁfn?
¥ Dynamfe frequensy Sealfogri- |

| The closke —:Fl*c@uenu, and edge tate of syoter
eloek e be vomped up oF dewon as needed.
+ Cloex qatuga- | .

To §a uWsed to et ot the syotem  clotle ~from
Certatn logfe blocks and  prepent Qtdftdﬁ')cz W logte
Chefls Hat ar not manfpul atfg aata.

Y Pubstiate Kis comtraic-

s qa used afonge‘?de, -lottage Sealfuq o cobetrof
-thhe Hhreshold —~for Outerfg  efther Mhear of sattraifon
teqfons G0 MboreTs -thas— Makte ttp Locﬁo_ Teufrs. B
techfigue s Gorvedfives called back Blas™q . tohete.
vottaqe fs applfed -to - Substrate Jeqlens To eMog
butfers +o -Buerease or desrease e logia <tate
Hhreshold  Vottages  amd  weduce Eeahacat catrrent-
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