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[ 0000] Thg]%b%%(gg/ﬁ?}&Appl i cation for Pat eng clains priori tI;p’lEfBSZOOS/057952
Provi sional Application No. 60/896,090 entitled "Circuit Producing a
Signal Having a Reduced Voltage Swing" filed March 21, 2007, and
assigned to the assi gnee hereof and hereby expressly incorporated by

reference herein. I. Field [0001] The present disclosure is generally
related to grRicAt lﬁEv@téEC&Nmmibﬁdoﬁfc?Nmpﬁmgw ABIESWING
swing. Il Description of Related Art [0002] Advances in technol ogy

have resulted in smaller and nore powerful personal conputing
devi ces. For exanple, there currently exist a variety of portable

personal ¢ ut i.ng. devi ces. .l ' wi rel ess conputing devices,
such as por ‘P&f&?FEf¥§§ e*é#@%%gﬂggg)personal digital assistants

( PDAS)[00801d pagiThE pRYék eSpplitatiornf& Bairaht! clainis ﬁﬂitir\'lt?ltg MRrovigiodale Applidation
carried by users. Mre s.ﬁeci fically, portable wireless telephones,

such as cellNeo4/8%08mbHed “Ginenit Frodutiaphonign! Hezingcokednsre Yolagobeine”
and data pagk %grgﬁvf{ Wi~ 23S aﬂfg&l\gg [Sthe F{Ik%{%lgé ’hef@?)@yanﬁuﬁge%%?b%?ﬁy

t el ephones i1 nclu ot’her fypes o Vi ces are 1 ncorpora
t her ei n. Fancerpamieddy rafevdnceheei.t el ephone can al so i nclude a

digital still camera, a digital video canera, a digital recorder, and
an audio file player. Also, such wireless tel ephones can process
executabl e instructions, including software applications, such as a

web browserI'appI@EIé‘{i on, that can be used to access the Internet. As
such, these wireless tel ephones can include significant conputing

capabijposiies. [ OGRFFresRNEERbduYe isAnBEDE BIStED D POYRIL RFvideRhe A RADF
circults 1 ncr eases, power .consurrptl on can al so increase. For nobil e

el ect r oni csongQiling ayolipgesvang. t el ephones, PDAs, and other portable
el ectroni c devices, power consunption considerations increase

ggggfgiggoazdPgﬁ?%%égégﬁggé%ggaygytinpact speed and perfornmance. WO

[0002] Advances in technology have resulted in smaller and more powerful personal
computing devices. For example, there currently exist a variety of portable personal
computing devices, including wireless computing devices, such as portable wireless
telephones, personal digital assistants (PDAS), and paging devices that are small,
lightweight, and easily carried by users. More specifically, portable wireless
telephones, such as cellular telephones and IP telephones, can communicate voice and
data packets over wireless networks. Further, many such wireless telephones include
other types of devices that are incorporated therein. For example, a wireless telephone
can also include a digital still camera, a digital video camera, a digital recorder, and an
audio file player. Also, such wireless telephones can process executable instructions,
including software applications, such as a web browser application, that can be used to
access the Internet. As such, these wireless telephones can include significant

computing capabilities.

[0003] Generally, as processing power of integrated circuits increases, power
consumption can also increase. For mobile electronics, such as wireless telephones,
PDAs, and other portable electronic devices, power consumption considerations

increase component and design costs and may impact speed and performance.



[ 0004] Conventionally, circuit designers have attenpted to reduce

power con I y reducing voltage swing, in part,
signifi cawg@%ﬁz?@y be consuned by svx&tchi ng capaci tgﬁgﬂggﬁﬁﬁﬁﬁza

particular circuit device. However, such attenpts to reduce power
consunption nmay inpact at |east one of the circuit speed, the circuit
area, t he whed : i ]ﬁggg i [ i
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i ncreasi ng hedeoosg veltaesony, éxpary befaush egnifichegroatee thayibecongumdddryce,
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di scl osed that includes receiving a clock signal at an Tnput of a

di gi tal ci randithe gevigroutingredroplexity. alnsapadistinces, mudeple Powenspipbids have

further inglude electively activat.ing a_ voltage |leyel ad]ystpent

el eront t o 1 g GFoa¥diet BTk GiibEndgu bR Py o ErmP R RERE e
node to an iglefitdd GrthitdHRUOE thide B £MRA ForCaiplRd R ddire i deeice Hid MbBod of
capacitive node. [0006] In another particular illustrative

enbodi nent ,coatrelling @ivoltags,swiagi s di scl osed that includes an input to
receive a digital logic value, a |logic device responsive to the
input, andgg C@ﬁﬁﬁ%%kVG node coupled to the |ogic device. The
circuit device further”includes a voltage |evel adjustnent elenent
coupled to the capacitive node and adapted to increase a logic |ow
vol t ad800dvel tdna padiquiagellussrative etbbadimant, & giethddmf coatyellingf volege swing
i nput. [0007],: l.n still. another .particular illustrative e dinment..a
i routt | devt HistBactipharinBURl 8 {sifBE hckidhlerL Bl of § (BAGP Pefovic
el enent andné@udiapachpicreenede. ThamctioddomdratblidesisbiRctivly Gativatifs @ment
and that is responsive to the input. The circuit device further

i ncl udes a voltaga lgyel adiptnend glemephioregepteprslecitirat dischasgapathe fomothe he
capacitive : I t i tEd i .
path to an Bp Aty BERRLAK Sowll G HhARnP AL it U B AbATve
| evel adjusibdent el enent regul ates the electrical discharge path to
prevent conplete discharge of the capacitive node when a signal at
the i is at .a logic |l ow vgoltage |eyvel.. [0008] . et. anot he

ar t1 A0 5 Pudf it fevacahiineht aevpuk et idbe gbipet
for recei vijidydes@h it 8 Bddive aldigil l0gRial®s, adoglt Abdiad reBpdrziictio ARMhEE,
i ncluding a capacitive node. The circuit device al so includes neans
for sel ect ian@kyapasitiveatoda gouplediothg bogiedayiice. The circuit device further includes a

voltage level adjustment element coupled to the capacitive node and adapted to increase

a logic low voltage level to a voltage level above a logic low level of the input.

[0007] In still another particular illustrative embodiment, a circuit device is disclosed
that includes an input to a circuit element and a capacitive node that is coupled to the
circuit element and that is responsive to the input. The circuit device further includes a
voltage level adjustment element that is coupled to the capacitive node and is adapted to
provide an electrical discharge path to an electrical ground for the capacitive node. The
voltage level adjustment element regulates the electrical discharge path to prevent
complete discharge of the capacitive node when a signal at the input is at a logic low

voltage level.

[0008] In yet another particular illustrative embodiment, a circuit device includes means
for receiving a clock signal at an input of a digital circuit device including a capacitive

node. The circuit device also includes means for selectively activating a voltage level
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el ectrical path fromthe capacitive node to ap_ electrical
gr ound tov‘ﬁij g&?g%grrpl ete di scharge of the capacitive nodeY ? By ~>2

One particul ar advantage provi ded by enbodi nents of a voltage sw ng
adj ustment circuit is provided in that overall power consunption may
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[0011] Still another particul ar advantage is provided in“that the

active powewithau m@pmmg @neadfbyafedlwmg:evwba@ lwmga@ﬁﬁc@dclb?,lgmﬂé pnaf ether
vol t age swi rf%qsa?sdllt ereb 1 é 0(1;I [ Cui tr Wt h ({9 rod]g?ch ﬁ% | tional
power supplﬁ 7 hr‘l y ar PRy PP ]e?fll ﬁ?ac R vol t age

sw ng adj ustnent ci rcwt may reduce power consuned by a device by as

much g90107i rt y- t Aic@Rerparticir at3dfge il pRI2lcd Byhaibodipeans 6f thadukipeandsy
and features of the ?resent di scl osure wil | becone apparent after
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f h
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C ai ns. ri Descri aw ngs
bl ock di agrambotdimalt@ahetdlsmhaage lieVdlmsdyr bt prograemizdil. ment of a system to
control a vol tage svvi ng [0014] FIG 2 is a circuit diagramof a

econ ticul rat emto control a
vor tad W8l no! pihenctr pifstRe SERRRER Ty digedin BHOLE MR L cul ar
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[0016] FIG 4 is a circuit diagramof a fourth particul ar

i 11 ustrat i wethowp gdiogeeing addigon jngélrrsup@h@sO A eglartzewas|ifegetisansmbodiment,
2008/ 116206, P Wb‘é@%&%ﬁgla%?is%%@m circuit may reduce power consumed by a device by as

much as thirty-three percent (33%).

[0012] Other aspects, advantages, and features of the present disclosure will become
apparent after review of the entire application, including the following sections: Brief

Description of the Drawings, Detailed Description, and the Claims.
1V.  Brief Description of the Drawings

[0013] FIG. 1 is a block diagram of a particular illustrative embodiment of a system to

control a voltage swing;

[0014] FIG. 2 is a circuit diagram of a second particular illustrative embodiment of a

system to control a voltage swing;

[0015] FIG. 3 is a block diagram of a third particular illustrative embodiment of a

system to control a voltage swing;

[0016] FIG. 4 is a circuit diagram of a fourth particular illustrative embodiment of a

system to control a voltage swing;



[0017] FIGS. 5A and 5B are graphical representations of clock signals

and adj us signal s having a reduced vol tage sw

i npl en”entg‘?cf%@%}r]lg&%e systems of FIGS. }-4; [0018] £ G PEUS208/T9s
diagramof a fifth particular illustrative enbodinent of a systemto
control a voltage swing; [0019] FIG 7 is a block diagramof a sixth

partic illus Earfl e
SW ng;mPg(yJ]ZO] FI IgSC?é gé ?@ %{l ﬁ@hlrap |r%sg @Zﬂgr&g?gf}cg g%éngr?saﬁg;éajc %gk
si gnal s andclady sigtashawhpe kedscghedtigh awinggmplanemitriadingtht agstersv g GS.
i npl enented, ysing the systens of FIGS. 6 and 7; [0021] FIG 9 is a

flow di agr ahﬂof a particular illustrative enbodi nent of a nmethod of
controlling a voltage swing; and [0022] FIG 10 is a block diagram of

a wi rgjoofs] CONMMUPICE @ik @BIHR\idpRarh bk ARG adEl@%ar AlustlalicobhbélAMeatorand a
met hod of controlling a voltage swing, such as the circuit devices

and nmet hodssystssvie dontrel aaR)ltage 4wig; 7 and 9. V. Detail ed Description
[0023] FIG 1 is a block diagramof a particular illustrative

100 i MO ieles oot rar Bpk R FE Qoo AL AAR, A b b

104, which sgfegenbte coasplansiliage bwing; si gnal , such as a cl ock si gnal The
digital circuit device 102 includes a logic circuit device 106 that

tovi odDUE | i JFeS B ang K8 P eerhabrepnocathians of Slach b and el
i ne 108 andodiighalOhdviiiea oBuS AMlatiS bIRY implchtehticl wbi2 thJ Lg%tem' 3fa96s. 6

| evel adj ust nent CIrCUIt 112 1s coupl ed line 1 t’o
capacitive asdde 110, and to an electrical ground 114. [0024] In a
particular illustrative enbodinent, a clock input may be received at

(e, BB, 102 35, B9 Beu Bl QAL B GOt 3 s

adapt ed t o doagolliape waltdgsshiaggmdpat h fromthe capaC| tive node 110
via the line 108 and to the eI ectrical ground 114 to prevent the

capac node 110 fro hargin zero vol tage, | evel
parti IR TG i Her s Boeren abob e cappbe g Rgsyicedhat indhudes o
circuit device and a method of controlling a voltage swing, such as the circuit devices

and methods shown in FIGS. 1-4, 6, 7 and 9.
V. Detailed Déscnption

[0023] FIG. 1 is a block diagram of a particular illustrative embodiment of a system 100
to control a voltage swing. The system 100 includes a digital circuit device 102 that
includes an input 104, which may be responsive to a signal, such as a clock signal. The
digital circuit device 102 includes a logic circuit device 106 that is coupled to the input
104 and to a line 108. The digital circuit device 102 includes a capacitive node 110 that
is coupled to the line 108 and to a voltage level adjustment circuit 112. The voltage
level adjustment circuit 112 is coupled to the line 108, to the capacitive node 110, and to

an electrical ground 114.

[0024] In a particular illustrative embodiment, a clock input may be received at the
input 104 and may be provided to the line 108 via the logic circuit device 106. The
voltage level adjustment circuit 112 is adapted to regulate a discharge path from the
capacitive node 110 via the line 108 and to the electrical ground 114 to preventi the

capacitive node 110 from discharging to a zero voltage level. In a particular illustrative



enbodi nent, the term"regul ate” as used herein refers to controlling,

throttling or otherw se regulating current flow via the di schargje
path. In YOG i|lustrative enbogi nment, a met hodP@F/US2008/057952

regul ati on may reduce a rate of discharge of a capacitor or
capacitive node. In another particular illustrative enbodi nent, the

- term "regul “ teri . I level . pr event
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limting the arge o e caﬁam tive node 0’a non- ground
vol t age | eviefer (o aléeringan ool todigee lesvleb prdvant dischgrgeatfelic ¢dpaditizenode 110 to a

volts), the capacitiv e 110 uses less power to rechayge tq a ”
ogi ¢ hi gh FoniGyEee el ingng rP%raﬁt,ﬂaraﬁlu&gwaggltbp@\%qntaﬁeg fera “Fogulate

108 may vargapdedith cﬁarﬁlﬁﬂ%lgeéuag@h&@m 3888 to ANBIthdetBndOfat {98%s Bfin a
coupled to another circuit to provide a clock signal having a reduced

vol tage swoaliggolevalnafithevoltiggnaiirce and greatet thenatgraledi vodtagaNeytli (he.aa non-
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al low for rgahldestaperevef %.I@Q‘A&bltﬁ@ﬂ@%l&l@a& i§ Sre@eNBhn PEOGRHRSE the Apadiive
conbi nation thereof. [0025] In a particular illustrative enbodinent,

the di ssi pditodd 1éRapesylesaesignhiarepyarge o lpaie high veltage tvsl clarpddiion, a

_estimated ys) | QR T L at)

ey AR EROL LY . S804 9 L MR Pae) ke i
dynam c enengybcanupluded abyththdragitte provideta ibclcdipinl havih@haatduced voltage
capacitance (C(Total)) represents a capacitance that .is, charged

di schar ged SHHehOsaoteh sigglde tifedrrutigisrice s dYignip @ yargereitcyli the 5$®Cfcﬁ§qltage
VDD - ' - t Lo
I epr esellige May PSR thr@a(?lf%?& bdral$ HP\BH dons n, WBich rﬁﬁ;ﬁ %&t%ﬁ% %e ofa

and V(sw ng) represents a erence et ween e logic

and | ogi ¢ Zettery( meywpllowlfoealldcatige nEpaer resvares ¢r giher phossssgpadbethy
(E(di,,p)) by.the given net or chip is proportional to the voltage
swi ng (V( wiRBYPRatoRtheiefi ngly, by utilizing the voltage |evel
adjustnent circuit 112 to throttle the discharge of the capacitive

node Ydg2sy¢hen t e aGlagtdalas ilBit@ativSerdbodmeRgiie diRWateddksgyt ddasuni&l Bypge

swing of the digital circuit device 102 is reduced. Thus, the energy
di ssi pat ed 8i¥s ncher ehipicambe estimaged using,the follaydng equatien: r educed. [ 0026]
FIG 2 is a circuit diagramof a second particular illustrative

enmbodi nent of a
E (dissp) C(Tatal) oVdd eV,

(swing) (Equation 1)

The dissipated energy (E(aissp)) represents the dynamic energy consumed by the given
net or chip, a total capacitance (C(rota)) represents a capacitance that is charged or
discharged when switching between logic zero (0) and logic one (1), Vpp represents a
pin voltage that supplies power for the circuit, and V(swing) represents a difference
between the logic one (high) and logic zero (low) values. In general, the energy
dissipated (Eissp)) by the given net or chip is proportional to the voltage swing (Viswing))-
Accordingly, by utilizing the voltage level adjustment circuit 112 to throttle the
discharge of the capacitive node 110 when the clock signal is at a logic low level, the

voltage swing of the digital circuit device 102 is reduced. Thus, the energy dissipated

by the digital circuit device 102 is also reduced.

[0026] FIG. 2 is a circuit diagram of a second particular illustrative embodiment of a

system 200 to control a voltage swing. The system 200 includes a logic circuit element,



system 200 to control a voltage swing. The system 200 includes a
logic circuit el ement, W 2008/ 116206 PCT/ US2008/ 057952 6 such as a
‘| ogi c NANWQHE1H8% that has a first-i ngut 204 r esponsi Mel/Pgr048/057952
signal source, such as a clock, to recelve an input signal. The

| ogi c NAND gate 202 al so includes a second input that is coupled to

an electric T kD t 2 al n. put 07,
The syst em SadS fic 820 bR MARaPRSE 13 uBu dabendle B ¥ Bl Gy
transi stor gith asbkchrRed rtaifenipul sighdbr TIeY logicNCAND. gafd202palshiman@ks a

transistor 208 includes a first term.nal coupled to a _power SupEﬁlg\Tlla
ternminal (\Aepnd ipuidhetis coymlediorna clecticabproynd g06.nEhe N 2819202 atpg has

second ter ”aj%l?%‘giél?' G4e E?sft&n%%Bqﬁélﬁ&e\é% ﬂjaﬁﬁn%lgtgmtsiy&?%OQ&I‘H‘M—%hamel

transi st or udes a first termnal® coup e capacitive
node 220, atramsoir2dD atrengddralforeoapinedrt¢raitchie. @hie puha@RY tramsilor2(8econd
term nal coupl ed a.n

ode 211. A voltage |evel adju nt circuit 21
o Coupl od LRGN irgaabiauplikio e Ve SBINY ERTInaE Gubich SUE0! [D0H
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transi stors glG and 2158 arranged in parallel.” The n-channe
transi st or timnnplctrandistor 210 incdudes efirbtriaimind woppled ta the chpacitoraods 220,a

trol terni d trol, b i nput_ 21
ond o secorBlie Rl fate St B BTl b S BE corh B nofih kb
transi stor R3iBltageakbwdagjustnicnt sikcuitt? 1718 8bul QLB tREer Hnddee2 1NQAE tHeldlectAcal

control termnal_ coupled to the capacitive node 220, and a third
terninal coliptt2Q the el ectrical ground 206. The system 200 nay
i nclude a capacitor 222 that is coupled between the capacitive node

220 ar[ﬁoﬁ]e el ecﬂ{ei %@ag@fe@&%@sﬁﬁem’c lcﬂc@iPZf‘i frﬁfu'a?g é\}éfﬁre 8?@-9%&121%2%%{13&3%s

capacitor 222 may represent ne capaclitances o race
swi t chi ng cdpand2aBensngedss petadtle dThsir-thana¢litcansisor 2 tdinchdey i €ies tericah

as the transistgr él24. TE@ transi stor, 224 L}%y i ncl ude fi rst1
terminal cddpPed @ Bredogr ¢ Lhiaconfrelisnpingbeoupigdie APPYLT PEfnrLIol LHRAS ed
to the capagpdii2ig, Hadesedall ndRropltdid ﬁﬁe%ﬁcfﬂdﬁ%roﬁﬂ&‘@d)@%ﬁ@n-%ﬁ‘ﬁmel

el ectrical ground 206. In a particular illustrative enbodiment, the
circuit el dérapsistop268 mejudeea firstéerpiinad covpied to the nadkadlled contrgldemiivag a

data input and t rovi de.an qu t. .[0Q02 I n artjcul ar .

11 st r a1 vaugin P e 2hedt Bt and B8 vl oSG b Giporrinl round
i nput 204. 70Be Thk @gsterh 200 mayiifElade 4 Sapab¥&2322dn&Vs IRy &ttBe 202
and provided as _an inverted clock signal at the output 207. Wen the

cl ock i nputcapacifie noge 224 and fsiplectrivel gepund 206. In an alternative embodiment, the

capacitor 222 may represent line capacitances of wire traces and switching capacitances
associated with various circuit devices, such as the transistor 224. The transistor 224
may include a first terminal coupled to a circuit element 226, a control terminal coupled
to the capacitive node 220, and a third terminal coupled to the electrical ground 206. In
a particular illustrative embodiment, the circuit element 226 may be a receiver that is

adapted to receive a data input and to provide an output.

[0028] In a particular illustrative embodiment, a clock input signal is received at the
input 204. The clock input signal is inverted by the NAND gate 202 and provided as an
inverted clock signal at the output 207. When the clock input signal at the input 204 is
at a logic low level, the value at the output 207 is at a logic high level. The p-channel
transistor 208 is turned off, and the n-channel transistor 210 is activated to pull down a
voltage level at the node 220. When the clock input signal at thé input 204 is at a logic

high level, the value at the output 207 is at a logic low level. The n-channel transistor



at a logic low level, the value at the output 207 is at a logic high

| evel . The p-channel transistor 208 is turned off, and the n-channel
transi st oW OIS0t i vated to pul | down_a vol tage | eveRCHPSIOPOII2Ye

220. \When the clock input signal at the 7nput 204 is at a logic high
| evel, the value at the output 207 is at a logic low | evel. The
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i nstance, td#Rnikl teRsNBED0S pEansipsd wltage Evielitlthe tde220ab haggc hiphatveat
the node 220 to a logic high level. [0029] In a particular

illustrative enbodi nent, when the clock input signal at the input_ 204

is at [0%Ygic hil pasiyailar lpsraiize emfedimepiwhen thedoskognutspana at ta¢ gyput
at a 1ogic Fyuq0 aizf gtc %1%12%@%3%&%8%&& [eQk1 4 fite ﬂo?le(iaa'isgﬁgo egi\é(v}gglo&\}% level

cl ock input signa transitions
l'evel , the andlthagepatieored22as clidngedi OMRe?R0 chdck onput aighalt dt dresinpuit 94

capacitor 222 dj scharges VI a.di ar th 228 i ch includes_the
n-channel  TARSHSPS gt OBEgow IRy &&&%ﬁ%‘%ﬁt thapeds Pt The
and the el e&bﬁélﬁ)@bZQHﬁb@gng@aahﬁcheﬁg@?ﬁtﬁ@?glﬁﬁlch kil cURAcS Blel NEhannel
enbodi nent, a power node Control signa be applied to the power

nmode cont r dransiston 280, thpueltagedeved adjostingat @rquitélﬂ raad dhestlentrical ground 206. In

providing a b th for,current fl ow fromth ode 211 to.t
Pl out i o1 A pRaE p Rt RpRs e poaE iouR Bl AT B ihiis% the
appl i ed t o ke wtde cbiteollchabls iifu@D 12 &Pactit/iXe the @disistir@ 6 58vidms a Bass
activated and controll ed based on a voltage | evel at the node 22

When t he vdiatiaigs currenidlowafromibe nedec1d o thasgleciriend erquneh20he Whegithe power
| | :
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hi gh vol t age dcevatbd ar&hd)ntrbﬂed:bmdbhfarvoﬁﬂé’e didcihdegrde 226 Wien the voltage
di schar ge at h 2 0030] In a_par I | ustrative enbodi nme

the dischar 6Y“111@t f@smpé@w %Fﬁhﬁﬁéomctéﬁ&al bigh yobage Pyl 9 # Jogirciomy q@ge
the transi 9t Rdf. chau{‘emﬁds%t&mOr&eﬁﬁ ofkdints @&'@age%\%ﬁsﬁhg%%@zmggt a
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level at the control terminal of the transistor 218 is reduced, until the voltage level at the
control terminal of the transistor 218 is approximately equal to a threshold voltage of
the transistor 218. At this point, the transistor 218 turns off and the voltage level at the
node 220 is held at a voltage level that is greater than a voltage level of the electrical
ground 206. In this manner, the capacitor 222 is prevented from completely discharging
to a ground voltage level. Thus, the voltage swing of the capacitive node 220 can be

reduced by increasing a logic low or discharge voltage level.

[0031] In a particular illustrative embodiment, a clock signal is received at the input 204
and is provided to the capacitive node 220. The voltage level adjustment circuit 212
throttles a discharge path of the capacitive node 220 to provide a reduced capacitive
discharge from the capacitor 222, providing a second clock signal (CLK 2) at the node
220. The second clock signal (CLK 2) at the node 220 is a reduced version of the clock
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and one or node glg t gl% {s()cloupleg %e?me 3 12 and to a voltage level adjustment circuit 320.
The voltage level adjustment circuit 320 is coupled to the line 314, to the capacitive
node 316, and to an electrical ground 322. The digital circuit device 302 also includes a
programmable voltage level control circuit 318 and one or more control inputs 306 to
receive one or more control input signals. The programmable voltage level control

circuit 318 is coupled to the voltage level adjustment circuit 320.

[0034] In a particular illustrative embodiment, a clock input may be received at the
input 304 and may be provided to the line 314 via the logic circuit device 312. The
voltage level adjustment circuit 320 is adapted to regulate a discharge path from the
capacitive node 316 via the line 314 and to the electrical ground 322 to prevent the
capacitive node 316 from discharging to a zero voltage level when the clock signal is at
a logic low voltage level. In a particular illustrative embodiment, one or more control
input signals may be applied to the one or more control inputs 306 to control the

programmable voltage level control circuit 318 to adjust a voltage level of the voltage
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ITustrati Vc%pa%’i‘t'%%%'&% Y6 tobX ncl)ril-g}o ina%ofterﬁgee lg\i/esl (an ea.l,r eggol%tge tleQr%l that is greater
than zero volts), the capacitive node 316 retains a portion of its charge and consequently
uses less power to recharge to a logic high voltage level. Within a larger circuit, the
reduced voltage swing may result in a reduced overall power consumption, which may
extend a life of a battery, may allow for reallocation of power resources to other

processes, or any combination thereof.

[0036] - FIG. 4 is a circuit diagram of a fourth particular illustrative embodiment of the
system 400 to control a voltage swing. The system 400 includes a logic circuit element,
such as a logic NAND gate 402, that includes a first input 404 to receive an input signal,
such as a clock signal. The logic circuit element 402 also includes a second input that is
coupled to an electrical ground 406. Since the second input is held at a logic low
voltage level (i.e., a ground voltage level), the output of the logic NAND gate 402 at a

node 407 represents an inverted version of the input signal at the first input 402.
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embodiment of the programmable voltage level control circuit 318 illustrated in FIG. 3.

[0038] The programmable voltage level control circuit 430 includes multiple transistor
pairs. The programmable voltage level control circuit 430 includes a p-channel
transistor 438 and n-channel transistors 440, 442, 444, 446, and 448. The p-channel
transistor 438 and the n-channel transistor 440 represent a transistor pair. Additionally,
the n-channel transistors 440 and 442 and the n-channel transistors 446 and 448
represent transistor pairs. The p-channel transistor 438 includes a first terminal coupled
to the power supply (Vpp), a control terminal coupled to the node 407 by the line 432,
and a second terminal coupled to the node 450. The n-channel transistor 440 includes a
first terminal coupled to the node 450, a control terminal coupled to the node 407 via the
line 432, and a second terminal coupled to the capacitive node 420. The n-channel
transistor 442 includes a third terminal coupled to the node 450, a control terminal

coupled to the node 407 via the line 432, and a fifth terminal. The n-channel transistor
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circuit 430 may receive a control enable signal via the control enable input 434, which
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activates the transistor 444 to couple the transistor 442 between the node 450 and the
capacitive node 420. If the voltage level at the node 407 switches from low to high, the
voltage level of the capacitive node 420 switches from high to low. The capacitor 422
discharges via the discharge path 428. The voltage level at the node 407 when it
reaches a logic high voltage level, turns on the transistors 440, 442 and 446. The
transistor 448 is not enabled, so the transistor 446 does not pass current. The transistor
444 1s turned on by the control enable signal at the control enable input 434, and the

~ transistor 442 passes current via the transistor 444 to the capacitive node 420. The
transistors 440, 442 and 444 cooperate to pull down a voltage level of the node 450,
thereby turning off the transistor 418 to prevent complete discharge of the capacitor 422

via the discharge path 428. In a particular illustrative embodiment, transistors 440, 442,



node 420 and the electrical ground 406. In a particular illustrative
enbodi nent, instead of being a discrete circuit conponent, the
capaci t or WAP2008@1620pr esent -1 i ne capaci tances and gat e RGHHS00$HFILR
of the circuit device. The system 400 al%o includes a transistor 424
including a first termnal coupled to a circuit elenent 426, a

control ter ed to e capacitijve no 420, d a sec

terni nal ‘E‘%ﬁ 2@6,@83 %ﬁé 2 @ePfEHé%rhe GPRAiYP 2856 43%%1)@}%& Ctur@rltef%éﬂ%ack
426 may be l%og kHa$ H hdral ﬁ)oﬁegﬁ‘la{e(%hé EGRdnY §lod tﬁf gﬁ 118 tgeﬂﬁ stor 4388 pRSed
receiver, ans tter ther circuit, ny conbi nation Phereo

[ 00401 In axpaﬂubdwbmngebfﬂ@&am&mme4ﬁhbodlnent t he programmbl e

vol tage |l evel control ~circuit 430 nay receive a control enable

si gnal i g the nt rol. ut, 434 i.vat es .the .

CranciOB8R e CBNARir Rt IR nopdenh B AER S R % s o
the capaci4g4y ewn&ﬂmefiﬁlﬁn sighalt dpplivdiol e enpu€¥®| isalclddhesigiad ehdibde 450 is
swtches fromlowto hig the voltage level of the capacitive node

420 swi t chespt ponvaliage IGcVéf ek asTheveligsa devebef the yoltagesense §¥ap)unill thee
di schar ge

reachos s 1156t ot AAIOSHELICHIE 2 YR nBle IAPRIIPERs POabTRN b is gt egs
Snd 446. Thee vfoitagrsuhséshdsld%&w the %Ita@ﬂ&bél&iﬂih@@lﬁa@@zdm@d’(ﬁp‘bb OWhe4 bhis
oes not p rent e transistor i s turne

contr ol ena‘m?tég%[egﬁldﬁ r%‘ﬁ d theguperaprmablsptives %ﬁaﬁ{ 00415@?015&\1& ‘ﬁ%enables 2
transistor #dd nARsen (CHAHSAL: b BadfinkBAskag or 444 to the
capacitive no he transistors 440, 442 and 444 cooperate to
pul | down a voltage IeveI of the node 450, therebé turning off the
transil804% 418 tRHIGS: shemt SBoarp eepbicdl @prmergwmnfs of hlock sigads and adjasted

via the dis th.428. articular jllustrative enbo ,
U anst ot or Slobs bt Disgurtadebak prtk Dnlstis it ok SSasna g G4
and 448 ar 1Go9Alied gtaphldaPreprRathfidn/R00NAdarAidR atc%oﬂlrsﬂgﬂaﬂmpﬁﬁékﬁﬁ 84
feedback |oop that operates to regulate the current Tl ow rough the

t ransi st or dﬁilﬁdtlﬁlebﬂ@%ﬁﬂa voliggp pwing betwednar lgaicdewvaliagedgwdi(Vew amt@ logic
00411 |

i[ sol at ednf r o cﬂ{ea%? Irllé%{? \b%gz&ﬁ%}eﬁﬁltcgfe%?np sqngstrg)tgﬁdl%gg |u§ llea]tl(hed

i nput 404 issvidg cibdc!ngﬁalgmj a sdcbrd tlodle, G50 ZD $04. k"ElﬁJEI cla¢k sgnud lStmgay bea

| evel, such.as the voltage_ |evel of the tage unt i |
the |evel Simalthat isrercked; fonsrameieiet ope 8¥816H%P‘% 29% 3§0éh PAQgligstrated

vol tage | eygkyg gaf 4] Rs fémtaﬁstrhe %ﬁcy@é&@@b&i@@&ﬁm@o@ gﬁ:&g@ﬂté fe

vol t age | evel | tage source When I'tage | eve
is reached ,cotrh@opdmgrsgmhailthe lnod 1GEgie HIGV &) attlmmadel220iim E1G.t2, 48(e line 314

enables a in FIG. 3, or at the node 420 in FIG. 4. The reduced swing clock signal 504 has a low
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portion 506 that corresponds to a low portion 508 of the clock signal 502, but the
voltage level of the low portion 506 and the low portion 508 have a voltage differential
(AVss), which represents a difference between a logic low voltage level and a first

voltage level, for example.

[0043] FIG. 5B is a graphical representation 520 illustrating a clock signal 502 (shown
as a dashed line) that has a voltage swing between a logic low voltage level (Vsg) and a
logic high voltage level (Vpp). The clock signal 502 may be a signal that is received,
for example, at one of the inputs 104, 204, 304, or 404 illustrated in FIGS. 1-4,
respectively. The graphical representation 520 also includes a first reduced swing clock
signal 504, a second reduced clock signal 524, a third reduced clock signal 526, and a
fourth reduced clock signal 528. The first, second third and fourth reduced swing clock

signals 504, 524, 526 and 528 may represent various voltage levels or tiers (generally



sharp pulldown transition at the capacitive node 420. 00421 FIGS. 5A
and 5B are graphical representations of clock signals and adjusted

cl ock si g 208/a1620fg a reduced vol tage swi ng i npl enent edPCBDU$2H08/057952
systens of FIGS. 1-4. FIG 5A is a graphical representation 500
illustrating a clock signal 502 (shown as a dashed line) that has a
vol tage sw ngwbetwe ic low voltage level (Vss) and a |og

|
hi gh vol t ag@dicatgd)at %%gyvh%?twymwwbye@&ngpl Yanalpty %emgel inputs
i ncludes a A{ﬁldéﬁ%%6 \f%% %Jaﬂﬁ-%b% %1& e kb t?obcn@uﬁ@f@ﬁﬂlsﬁitg&;hﬂ?lgflﬁ, for

504. The cl ock signa gna that 1s receilved
exanpl e, atemn@la)fThdlﬁrst sqmohd thﬁdan&ﬁﬂl,rth%dlucedswit@ﬁodld mlgtallsaj()aldsm 1526,

FIGS. 1-4, t . Th d d | ock
represents aél Ssgg(r:rﬂler\ée B?rﬁ%fgglg‘g?gglg%&llg m@&gﬂ’ﬂ%ﬁ%cai 6%" lg‘ﬁaileﬁ %!LG LetthRe
node 220 i mJgb©20%n FRE. X Ia?the Illlﬁg 334—&1 F]G1 SFBIGat tBe n&fe B0 ih PeG NP deor A2 8mbl2,

FIG 4. The reduced swi ng clock signal 504 has a |ow portion 506
t hat corr espofidd, seoord, towd, pod fquuh rmeéleophelgoaleéﬂ4,§2énél6 50¢ §2$Jmay be

have  vor caetieryeralip e % by B0 pln Pl olus 22 8o Pl in
bet ween a |IFIGSC3laaw4yRls B{B@ﬂeelkrelysﬁi BB Proprirhigble voRhciaellcBM@bL cidcRit 318
exanpl e. 100431 FIG 5B is a |caI representation 520

i 11 ustrati ifusiragedoaiE 16 éﬁarheemgre@mm vodiagaleyalsioatiol ¢irrajt 43R an Fiast a
vol t age S""'r@ e&%@ e%e{rﬁ%ﬂ&l 1? %%ﬁ%p n%glthé t\ﬂ?r%l)re&[&%d%locl&%h& 526

hi gh voltage gvel

i s recei vedllustfatds acscasml ﬂocle(tcm 2) afnotila @20 RpElGs 4l%en ﬂﬂ%o%ﬂﬁolmhame4
illustrated in FIGS. 1-4, respectively. The graphical represent ation
520 al so i HBPYY&E recqivedst thepragia §ipltage dqel «nigRarirgeyt30qyia tesqatrol

reduced cl %35J§|%4§g§1d 6li %srtﬁ_léd‘%ﬁ;ltﬁé% cl ock signal 526, and a
ocC he

fourth reduce S|gna rst, second third and fourth
reduced swi ng clock signals 504 524, 526 and 528 may represent
vari ol8044| t age HI&vélisa block d@g@n( gﬁmﬁfthn)hlylcu\@r Elhrsaﬁtlmﬂ@dlment ofa
PCT/ US2008/ 05795 | ect.ed.

' b
2ppl yi g contPabeg GiarElasRER: Mzl bt eders S0 i Gag Tt i ement

progr amablsgely & 4 RGE: WANIDY Pite 60Z,GhdttindSdbsial firdSipatend tb Recelveandnput Signal,
exanple. The first, second, thi rd and fourth reduced swi ng cl ock

si gnal s 504uctsgsa cladgsignalnd'he fegie eiruaiselement §02 alsp anelidag ascenmsl isputhiaat is
The 3141 SolTed b 48l cralia che. Bingeithe p AR pERg T Flodo 16 1°
first, secontlagd leivéldi.c.androuad vbhagedehete thecdupmlt of ttgriagis NBQND dad60252@,
and 528 ma%lolcjiee 607 represents an inverted version of the input signal at the first input 604.
[0045] The system 600 includes a p-channel transistor 608 and a n-channel transistor
610 arranged to form an inverter circuit. The p-channel transistor 608 includes a first
terminal coupled to a node 611, a control terminal coupled to the node 607, and a
second terminal coupled to a capacitive node 620. The n-channel transistor 610
includes a first terminal coupled to the capacitive node 620, a control terminal coupled
to the node 607, and a second terminal coupled to the electrical ground 606. The system
600 also includes a voltage level adjustment circuit 612 that has a transistor 616 and a
transistor 618 arranged in parallel between a voltage source (Vpp) and the node 611.
The transistor 616 includes a first terminal coupled to the voltage source (Vpp), a
control terminal coupled to a power mode bypass enable input 614, and a second
terminal coupled to the node 611. When a power mode bypass enable signal is received

at the power mode bypass enable input 614, the transistor 616 couples the node 611 to
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bl ock di agrenwplsid te the ads 6;.};ért| cular illustrative enbodi ment of a
system 600 to control a voltage swing. The system 600 includes a

| ogi ¢ Gl uiteI a i ) . 60 . incl
B e T S G el s B
si gnal . Thetht agd€63y, munﬁroletémﬁﬁﬂtcoﬁﬁlzdad the node BOmlaada ss@mdnelniingleoupled
that is coup *ed to an electrical ground 606. Since the secand.i nput

is held at 8 PogaPacitiygodetlagkhersyiiem 00, féﬁhefdn%}P‘éﬁ?ﬁdeSEoéééz vr@\lﬁéﬁu)g a
t he out put JHANB, S I n
i nverted vei?gss% %ﬂﬁg Pl gll npt?% Sl gr?g?%a?&ntt ?%tl 9&1@;1){1@86%62%0%825 nda
The syst em$06énhd mnhmdb@uglqd -t¢ Heratedtri¢al grmmdt606 Ml&ltmnaillyg the gh@Emm&l0

transi stor . 61Q arran for n inverter circuit anne
L ansi ot or iagdestRAGET 622 ch@pth Bpeft e cammrii e 620 AedBeG i g
control t erg%ﬁ&ﬁi 608 Uﬂie%’rst%ﬁ 4000 0HEE A traRchich 622%&&%@ &It @éﬁmnal
coupl ed to a capacitive node 620. The n-channel transistor 610

i ncl udes a doupkt te ercmlnmlemont;méda @m&ﬁéemamﬁé@ouple@tqtbdea@wvealode and

coupl a1 o 4eou ERIPEGurlsd b A B4 RbuddPsTRERE0 LNy o

vol tage | evigbludelh Usth gt 688 hcliad oﬁfl Moatm a@art@utaf ANBirsfiy erfiflinad, e
transi stor 618 arranged in araII bet ween a vol tage source (VDD)
and the noddrcsit ¢l emeng@é maﬂ P§tr@ﬁel‘@1,@ rSMiféREs2 AroCeYSat, 2RQAPR Gisghit
coupled to o) control termnal coupled to a
power node eﬁ)&ﬁan\s{s&é%g%ﬁzl%#%ﬁg?g%@ﬁ and a second termnal coupled to
the node 611. Wien a power npde bypass enable signal is received at
t he pd0@47]node Hypqwﬂioaﬁmbﬂlwtﬂaﬁwbmﬁdcﬁmenﬂqwhbn amkjcktsignalﬁeﬂtﬁiha:mppﬂ(ém

the node 611 to WD.200 206 /.U 08 05795 he vol.t

e Ce C DRl PR IPEE o™ da B 1o Pedoolass Rerd, 1 dpliedoal ot e ands o

the vol t agR73ausiEend ﬁ/a@)a, lo fo 1ogi%r1mv%ltageqwélemiwu@g R 48nGstbis
?ed .

and a second term nal coup o the node 6
608 and 634 and turning off the transistor 632. The capacitive node 620 may be

electrically coupled to the voltage supply (Vpp) via a charge path illustrated by a line
638. A voltage level of the capacitive node 620 charges to a first voltage level that is
less than the level of the voltage source (Vpp), because the transistor 632 passes less
current in response to the rising voltage at the capacitive node 620. Thus, a voltage at
the node 636 increases, restricting or regulating current flow through the transistor 618
to the capacitive node 620. When the clock signal at the input 604 switches from high
to low, the voltage level at the node 607 transitions from low to high, turning off the
transistors 608 and 634 and activating the transistor 632 to pull down a voltage level at
the node 636. Since the transistor 608 is turned off, current does not flow to the

capacitive node 620.

[0048] In a particular illustrative embodiment, the voltage level adjustment circuit 612
may be utilized to reduce a logic high portion of the signal at the capacitive node 620 to

a first voltage level that is less than the voltage level of the voltage source (Vpp). Thus,
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to the capacitive node 707, and a second terminal coupled to a node 711. The system
700 includes a logic high voltage level adjustment circuit 722 coupled between the node
713 and a voltage source (Vpp) and includes a logic low voltage level adjustment circuit
734 coupled between the node 711 and an electrical ground 706. The system 700
includes a capacitor 714 coupled between the capacitive node 712 and the electrical
ground 706. The system 700 also includes a transistor 716 having a first terminal
coupled to a circuit element 718, a control terminal coupled to the capacitive node 712,
and a second terminal coupled to the electrical ground 706. In a particular illustrative
embodiment, the circuit element 718 may be a receiver circuit, a transmitter circuit,
another circuit element that receives a reduced voltage swing signal via the capacitive

node 712, or any combination thereof. The circuit element 718 may include a data input

719 and an output 720.

[0051] The logic high voltage level adjustment circuit 722 includes a first transistor 726

and a second transistor 728 coupled in parallel between the voltage source (Vpp) and the



for a clock signal at the input 604, the second clock signal (CLK 2)
at the capacitive node 620 may sw ng between a logic | ow vol tage
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applied to the bypass input 736, the logic low voltage level adjustment circuit 734 is
bypassed to electrically couple the node 711 to the electrical ground 706. The logic low
level control circuit 742 is coupled to the capacitive node 712 and includes one or more
control inputs 744 to receive one or more logic low control signals, which control the
logic low level control circuit 742 to adjust a logic low voltage level of the logic low

voltage level adjustment circuit 734.

[0053] In a particular illustrative embodiment, the logic high voltage level adjustment
circuit 722 and the logic low voltage level adjustment circuit 734 cooperate to clamp a
voltage swing of a signal at the node 712 between a high voltage Ievel that is less than
the supply voltage (Vpp) and a low voltage level that is greater than a ground voltage
(i.e., electrical ground 706). Additionally, the logic high level control circuit 730 and

the logic low level control circuit 742 may be implemented using transistors. The logic



and a second transistor 728 coupled in parallel between the voltage
source (VDD) and the WD 2008/ 116206 PCT/ US2008/ 057952 16 node 713.
The first MEHNEIRM 726 includes a fi rs\t7 term nal coupl Hdl/PERop§Es7952 .
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circuit 734 cooperate to clanp a
adjustment circuit, such as the voltage level adjustment circuits 722 and 734 illustrated
in FIG. 7, may cooperate to produce a second clock signal having a reduced voltage
swing, such as the reduced clock signal 824. In this instance, the reduced clock signal
824 varies from the input clock signal 802 at both the logic low and the logic high
portions of the signal. The differential logic high voltage (Vpp) and the differential
logic low voltage (Vsg) represent reductions in the clock voltage swing, which may

result in reduced power consumption for the circuit.

[0056] FIG. 9 is a flow diagram of a particular illustrative embodiment of a method of
controlling a voltage swing. At 902, a clock signal is received at an input to a digital
circuit device that includes a capacitive hode. Advancing to 904, a voltage level
adjustment circuit is selectively activated to increase a logic low portion of the clock
Signal applied to the capacitive node to a voltage level that is greater than a ground
voltage level. Moving to 906, a first control signal is received at a voltage level control

circuit coupled to the voltage level adjustment circuit. Proceeding to 908, the voltage
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signal 824. In“this instance, the reduced clock signal 824 varies
from t he i rbucapetioakmayi @p@lsela@me and gyt leapdeganasy assotieted avith ether dirsgitc
“hi gh port| ons_of tt he signal. The differential |ogic high voltage
(VvDD) and tREPAPF e r ential | ogic |l ow voltage (Vss) represent
reductions in the clock voltage swing, which may result in reduced
power [688%unpt i @Gt 00 istdigloek diagian of a wireless communication device 1000 that

includes a circuit device to control a voltage swing 1011, which may be one of the
circuit devices illustrated in FIGS. 1-4, 6 and 7 or which may implement the method
illustrated and described with respect to FIG. 9. The portable communications device
1000 includes an on-chip system 1022 that includes a processor, such as a digital signal
processor 1010. The digital signal processor 1010 includes at least one device having a
voltage swing adjustment circuit 1011, as described with respect to FIGS. 1-4, 6, 7 and
9. In a particular illustrative embodiment, the voltage swing adjustment circuit 1011
may generate a reduced voltage swing signal to be used in high speed processors, such
as the digital signal processor 1010, and system on chip devices, such as the on-chip
system 1022. The reduced voltage swing signal may reduce active power consumption
through reduced voltage swing on signal buses and clock buses. In a particular
illustrative embodiment, the voltage swing adjustment circuit 1011 may provide the
reduced voltage swing signal without impacting processing speed, without introducing

separate power supplies, and with little circuit area impact. In a particular illustrative
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that includes a capacitive node. Advancitng to 904, a voltage |evel
adjustnment circuit is selectively activated to increase a logic | ow

portion of th | ock . signal appli,ed to the.c citive node tqg.a

Vol tage | ev@bediment, thegolageripkatusmenscircric (T foyebq rogmrighie ey ¢ o
906, a fi rsgel&qn&mhﬂﬁtmeaénge%f&mmg@_s@ﬁlga vol tage | evel control
circuit coupled to the voltage | evel adjustnent circuit. Proceeding

to 908, the voltage WO 2008/ 116206 PCT/ US2008/ 057952 18 |evel of the
| ogi c 10809or t i owgcofl Otafse sbpwe R dispyatonireller§R6 she i qoypled e thertigital signal

vol tage | ev { e t | . .
{erm nat es Hpesiol T B3udio FhRplsk 185 DERh AR Etiss 100 FEN o e
ci rcui t maydiialaiinabprabissor 1010a Aklitionally,a membhyuBI3RES totplaitbals digiil,
the voltage .| evel adjustnent ci r}:uit na&qyj@be coupl

Secder

d
pr ogr anmabl Prargeor 0K 4 gpdsr P,E%pg‘h 8%%1?9 &:‘éﬂu@@ddﬂ gheor
mor € cont r Olioirgisghal ﬁrokéés61‘§§idb?%eﬂ§éb!ﬁérQ'@§6 Eﬁ@Wnﬁ%ﬁwl ltc())?v,g c%(rﬁtéé 88lfpled

. 1
| evel adjust%ent circuit. regulating the curre
vol t age | evielth@@PDIEC0A4.circuit prevents a capacitive node from
di scharging to a ground voltage, prevents the capacitive node from

char gi to a v e, level of_.a voltage source DD), or bhoth.
Thus 06! © a5 16 18 Sisp ieerd] g Wirk S soR ORI ESI Y0k b Sl B e
cl anped to digihl GRmbhsro¥dkdrai@e 0 9l Rda dndickiteiiy 102! Bl paticherer
consunption. Additionally, since the capacitor need not recharge to

the | evel ofmbadifaento? Py sebplyd@4¢ Doppiedito desunelip systan tl A22. gMetaeder, in
| t | : ' ' In. .
vorLa0p | etk e SACAS Gl IS0 5 57 ot 5B e,

was shown 1030cthejspeaket 103 6\Mbeiniarophsis 8138, thepaedléssanhi€ V42, and the power
conponent, it should be unﬁer stood that the capacitor nmy represent

line and gatBPYA 04 ATATLER2 48 Si5camatin SYE 162 heHORPYEFAch ILOpBHRES
[0059] FI G, loh?t%f%e"&#clﬂ#?ﬁ%&ﬁ?l@ﬁza Wi rel ess comuni cation device

1000 that includes a circu evice to control a voltage swing 1011,
which may be one of the circuit devices illustrated in FIGS. 1-4, 6
and 7 [0062}hi ch ray panpiuéareliistiehiee embdrboient, tHeusitage swing adjusesnt Cibeut

wth respe o FI.G 9, Th ortable communi catj ons vi ce 1000

el udes ar Obh T weonste B B R s T P R matigetons

digital sigR@ce 1000. In particular, a voltage swing adjustment circuit 1011 may reduce overall
clock power consumption of the device 1000, thereby extending battery life, improving

power efficiencies overall and enhancing the performance of the device 1000.

[0063] It should Be understood that while the voltage swing adjustment circuit 1011 is
shown only within the digital signal processor 1010, the voltage swing adjustment
circuit 1011 may be provided in other components, including the display controller
1026, the wireless controller 1040, the CODEC 1034, or any other component that
receives or uses a clock signal, such as a logical latch circuit, a logical flip-flop circuit,

other clocked circuitry, or any combination thereof.

[0064] In general, embodiments of the voltage swing adjustment circuit 1011 provide
significant advantages over prior are voltage swing reduction techniques. In a particular
illustrative embodiment, the voltage swing adjustment circuit 1011 may provide as
much as 33 percent power savings on a net of a circuit device without adversely

impacting timing. Instead, because the voltage swing is reduced, the timing of the



processor 1010. The digital signal processor 1010 includes at | east
one device having a voltage swing adjustnent circuit 1011, as
descri bed“W%Q‘PS/rlg@B@ct to FIGS. 1-4, 6, and 9. In a pBETUEUOEPSTIS2
illustrative enbodi nent, the voltage sw adjustnment circuit 1011
may generate a reduced voltage swing signal to be used in high speed

processors, .lscuch é e gll g{_t.al Sign | . proc Sspl 910, andC S stre on
chip devi ce¥, URHY B enRe ntEhtRFe By 2% TR e GU AP

SWi NG si gnaditAE ifiteetfeheaftitloRaluRE of Bt dr Qlpplicl! BB IMRHUCAS losed
vol tage swi ng on signal buses and cl ock buses. I'n a particul ar
illustrati vl@reimi@@u%e asg legiov latleydhe dgviep tadjypass tapovedrsevings inQetticular
may provide the reduced voltage sw signal, w thout ..i npactin

br ocessi ng aafors FeteST Bed PGt SRR et Rt B s
with [ittl escaicdqbn highéralthgaant cah Be thial dnidahidtelied Yabatbér @busteedBiming

2008/ 116206 PCT/11S2008/057952 19 enbodi nent, the voltage sw ng
adj ust nent @drayyer trpdeotfsig yeriic pdegia highpiodagylevelefodaercqssialogigilow tvoltpge

range of t o, i ( . i :
controller h%ég?a(ln{lﬁgft% zli}s%ﬂ(i:llgru%{ egég%)pﬂﬁ'gl e& |jbg'| e%q%(agﬁ%ﬁ%\ﬁfﬁ%%% egs}g?n%o 10
and to a dizipisayedt®28uit VOt EB\vbat thadir¢uifretucte tHeoo th@3Oving wathopt ed t o
the digital signal processor 1010. Additionally, a nenory 1032 is
coupl ed to FOH®P" Reihe signghinfeehocessor 1010. A coder/ decoder
(CODEC) 1034 can al so be coupled to the digital signal processor
1010. [ﬁ()@ﬁeaker 36 o BEl 11 3vdtil ¢ FRIPRP BSHrd A8 tieR bR riead PhuSLativieQodibsl
CODEC 1034. [00611 FIG 10 also indicates that a wireless controller
1040 can beblecksptandiguentions mefludgst eircusisgivdl algnrdbmstons dewtibedindconpeciion

wirel ess antenpa 1042, | . parti.cul.ar nbodi nen a power. suppl
Toua 1 o coubrbaceithumef BBl Eufng3s 1RPRR & RRHBhicRRi,
particul ar cempatir¥Bftivareasr ¢dohbifitionk ©€both. AloGleatlyillidttlihtihRychi@dibility

the input device 1030, the speaker 1036, the m crophone 1038, the
wirel ess arffdardvarpand soffyare.arigpnliustratiygsoppenens, Hlecksqopfiguptions, t he

-chi 02; . N i . .t h
on-ohi b oy 2p Sl cuiF R itns 1E9E oo Bt Rot Ca ol TR AR b eir 1
t he vol t agdusstiongligydjWhé¢tharsuck functiohalitit litnphenyeniel asstaedware enfudtveae

overal |l perfornmance of the portahle. co ni.cati ons, device, 1000. In
barticul ar ,Jeae%waa éhesmr%ﬁ%rcﬁpa@?%@ﬁta%rs%@ FOnPH RIS HRPOS R Be overall

overal I cls0gkmb GieledCRRSHMI Ry SMpRimdn? thedRYdrRd HRYond RS 12 Pirying ways for
extending battery life, 1nproving

each particular application, but such implementation decisions should not be interpreted

as causing a departure from the scope of the present disclosure.

[0066] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, PROM memory, EPROM
memory, EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any
other form of storage medium known in the art. An exemplary storage medium is
coupled to the processor such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage medium may reside in an ASIC.
The ASIC may reside in a computing device or a user terminal. In the alternative, the
processor and the storage medium may reside as discrete components in a computing

device or user terminal.



power efficiencies overall and enhancing the performance of the
device 1000. [00631 It shoul d be understood that while the voltage
swi ng adj Y@ #R1R2P¢ cuit 1011 is shown only within the BEYUBH08/0S7952
signal processor 1010, the voltage smﬁngfgdjustnent circuit 1011 rmay
be provided in other conponents including the display controller

corpontiB7Hhac < Ti BRI g Slipdr Gr i WS Rapoogm R i @i g bagp v

latch circ Updrsorﬁskhlwl @ahe drk tPmbkegr Wk tiddibclosed ehdbd @l ek eWarfdus C UI try,
or any conbination thereof. [00641 In general, enbodinents of th

vol tage swi mgdligpiiensie these pmpadiments millhegoadity apppighi tputh@sﬁtsklél@damthﬁgéts
Pl lstrat v BARRHAMANG SEHUCHOR HEFORUIMET o dflcerBidp il Yithout
may provi ded@artmglfﬁd‘malss s’paitpﬁrscwmtofpm&sclswe n’gBusQﬂleq)rmht difclasure i 1s not

circuit device a actlng m ng. .l nstead,

the vol tagemgw% thge féld?ﬁ:/ %8041%1 ﬁlﬁ@w@tzﬁ@m&f@%@sg the widest
PCT/ US200S/ S50
Addltlonalf%?ggﬁeSgéggggg&?a&ﬁga%gﬁuﬁgaggducéﬁklﬁ??ﬁ%&?q?ﬁﬁ?%bu%?ng
addi ti onal follawew daimsxt ra power supplies. Enbodi ments discl osed
herein include bypass logic to allow the device to bypass the power
savings in particular instances. Mreover, the inplenentations
illustrated and described herein may be scaled for higher voltages
and can be m xed and matched based on robustness, timng and power
tradeoffs to reduce a logic high voltage level, to increase a |logic

| ow voltage |evel, or both. Another advantage provided by

enbodi ments of the voltage swing adjustment circuit 1011 is that the
circuit reduces the voltage swing wi thout conprom sing the signal
integrity. [0065] Those of skill would further appreciate that the
various illustrative logical blocks, configurations, nodules,
circuits, and algorithm steps described in connection wth the
enbodi ments di scl osed herein may be inplenented as el ectronic

har dware, conputer software, or conbinations of both. To clearly
illustrate this interchangeability of hardware and software, various
illustrative conponents, blocks, configurations, nodules, circuits,
and steps have been descri bed above generally in terns of their
functionality. Wether such functionality is inplenented as hardware
or software depends upon the particular application and design
constraints inposed on the overal



system Skilled artisans may inplenent the described functionality in
varying ways for each particular application, but such

i npl enment ati on deci sions should not be interpreted as causing a
departure fromthe scope of the present disclosure. [0066] The steps
of a nmethod or algorithm described in2gonnection with the

enbodi nents di scl osed herein may be enbodied directly in hardware, in
a software nodul e executed by a processor, or in a conbination of
the two. A software nodule may restHAIM® RAM nenory, flash nmenory,
ROM nmenory, PROM nmenory, EPROM nenory, EEPROM nenory, registers,
hard di sk, a renovable disk, a CO-ROM or any other form of storage
medi um knowh Amméthed aﬁdontrAhingme/mbh@rswisg,mlneargethmiacbmlpﬁsiug coupled to
the processor .such B, Rrocessor nf or tlon from

wiee ot ot g o sarar e EgE SRR ARIM AT arBe SR by ode:
storage nediddnin@y abevatinghegltdde || bi@stAACRSHET: to (HRRIPAPEIBSSIOA] d@RRarge
t he storage nedlun1nay reside In an ASIC. The ASIC may reside in a
conputi ng devi cePal fraMm ik Fanagifing Aade toap elegiaical grayp ipyeyent qoaplete
processor and th reside as discrete conponents in
a conputing dev‘?é%%e%ﬁ?“ei@%‘?ﬂﬁ‘?ﬂe VO 2008/ 116206

PCT/ US2008/ @795y amrt[r@@aﬂwﬁh@dppwmusabcﬂ@sgmal pt & omtiof 1r1phtaof the voltage

G oo s emoct et Bl BEAEF SR R R PR S

nodi fications thﬁhgmgr@ﬁﬁpgkments will be readily apparent to those
skilled in the art, and the generic principles defined herein may be
appl i ed to Bi9sHYelsderasHanths ARveRBate CEIRAPAOI§12bIN RYRBSSIps Ycrltag% vel

scope of the disgj &%nggelemgnatgg@mgn@% qjdo'agl osure is not
intended to be limted to the enbodi homn herein but is to be

accorded the w dest scope pOSSIb|e consistent with the principles

and novel ffa‘{”ly l’]hﬁl ogglgllmn?df%lm{er Ot rnlsmgfl%ust}%taﬁll 3l rlT(I);W Y as%eff‘vell !;/Bseé]'

A met hod of con vol Tage s

recelvmngmﬁewéwggnﬂjgnal at an input of a digital CIrCUIt deV|ce

i ncluding a capacitive node; selectively activating a voltage |evel
adj ustnment elenent to throttle an electrical discharge path fromthe

capaci tive Nof Hh&haMorISG! I GAherORAPASNE Spf2yiRY 8RbnFATRNELS a voltage level

control circuit coupled to the voltage level adjustment element to incrementally adjust a voltage

level.

4. The method of claim 1, wherein the capacitive node comprises a terminal of a

capacitor responsive to a logic circuit coupled to the input.

5. The method of claim I, further comprising decreasing a logic high portion of a signal
at the capacitive node to a high voltage level that is less than a voltage level of a high portion of

the clock signal.

6. A method of controlling a voltage swing, the method comprising:

receiving a clock signal at an input of a digital circuit device including a capacitive node;



di scharge of the capacitive node; selectively asserting a power node
control enable signal to a control input of the voltage |evel

adj ustnent elenent to activate the voltage | evel adjustnent el enent
ina first operating node; and selectively deasserting the power

node control enable signal to bypass tBe voltage | evel adjustnent

el ement in a second operating node. 2. The nethod of claim11, further
conprising adjusting a logic |ow voltage | evel based on a received
signal . 3. Tectivelyrodvasingelvaitagellevdl adjukierencaempentsd tgotdpph yleeigical discharge
control signal t vol level ,control circuit, coupled to the

vol tage | evel ad eﬂ@tﬂr?entﬁjgg?peaﬁglr\{ P %e t;l(gr‘ifl(r:lreger‘%t\e“r?tel g%rf“flndat&jpﬁgvtengco\%ql?t%ge

| evel . 4. The nedikddrg@fofchadcapuditivedielegi n t he capacitive node
conprises a termnal of apacitor responsive to a logic circyit
coupl ed to- vhgertrolse toEARETHBE et Qetrics oravi Har VeEwpire] Hghe
decreasi ng a | ogéfpabitighn®Rrth hanstQblt@eIb @ @lat isdredidiehdraPasind \v&ta%@céeel
to a high voltage level that is less than a voltage |evel of a high
portion of the #ichbéhat dicapscitig node diselrseesde thedsirwlthemlgvel insstad @géo the
swi ng, the netho I.SLNQ.;.receiving a clock signal at an input of
a digital circui %o%@c\(}%’g&% %Hﬁdi ng a capacitive node; 23 selectively
activati ng ecsivingadgesi@uebl aghjalistarertgeleestenhtrdlaithit odutplel tamhe voltage

el ectrical di schﬁr%e at h frlom t he capacitive node to an electrical
ground to prevent’ &Hﬂ@ls@feélteﬁing‘&%é'? e of the capacitive node; wherein
the vol t ageink@¥ghg 8@djI6&tE MRNL0IBIgE MRBI toiatet@RASARag leagitlat fOeael thadle

| evel at the capacitive node to a first_ voltage level that is
greater than a grstyltageiavalge respoese to digdhstoatolisgnakapaci ti ve node

di scharges to the first voltage | evel instead of to the ground
voltage level; receiving a first control signal at a voltage |evel
control ci reulhe methpt eficlhion b herthelcoagesingevel adj ustment el enent; and
increasing the logigc lLow voltage |evel to . a second voltage. | evel that
s greater ThaK ERbCATOPE FCoBT EaET FiEvdE I VP Ids el Sons i Kisew g
control si gindleasifg thEeitRINO6ta@E |skipiom tBird {o1tdgh &dve CARTIE bfhR@than the

second voltage level.

8. The method of claim 6, wherein the digital circuit device includes a first voltage
supply and wherein the voltage level adjustment element increases the logic low a voltage level

without providing a second voltage supply.

9. The method of claim 6, wherein the capacitive node comprises a terminal of a

capacitor responsive to a logic circuit coupled to the input.

[0. The method of claim 6, further comprising decreasing a logic high portion of a signal
at the capacitive node to a high voltage level that is less than a voltage level of a high portion of

the clock signal.

11. A circuit device comprising:
an input to receive a digital logic value;

a logic device responsive to the input;



receiving at | east one second control signal at the voltage |evel
control circuit; and increasing the logic |low voltage level to a
third voltage level that is greater than the second voltage |evel.

8. The method of claim®6, wherein the digital circuit device includes
a first voltage supply and wherein tRe voltage | evel adjustnent

el ement increases the logic low a voltage |l evel wthout providing a
second voltage supply. 9. The nethod of claim®6, wherein the

capaci ti ve ahoywcityaprisesypleditetheilpgit deficeaandapaci t or responsive to a
| ogi ¢ circuj 0 . i . f im :
further conpy PSR GEad Bubidft ity oo e BBAAG, Glacid Belaly  ogie ow
t he capacitive nodegt teval biaghltugd leagabbevelogichal [dvel ks irpbato raduce a
vol tage | evel of g hi gh. portion of. {bhe clock signal. 11. Acircuit
devi ce conpri si n{ B8R SYVHSEESEE Gt D& CaPUItYF AT ogi ¢ val ue; a

| ogi ¢ devi CRhERTAAOTH¥Ae & el ABudtRBMiclentdht cinSrRRAE itdt VidndiQsanauRet £
to the logic device;, and a voltage |evel adjustnent el enent coupled
to the capaciti veasesds covplpdhiyrass 8! Betiveyyi e Fengcitiye nedgyand awedgetricg! a
vol tage | evel ab i . i .

vol tage sw ng as \égrll(gtﬂléeg@ﬂ\/s\n&tr%ng}tgh&é?hécgl!'pdéﬁc)g% H}gc‘ﬂnn%g?ermgg ge?%b%tg 'ﬁ/gto & power
vol t age | evel adjnudt caiol elablreinputcopgedtively aativate $it vbhagedewd edjusmenta
second transistqr coupled in parallel between the capacitive node
and an el ectrical "gFound, the first transistor including a first
control terwh&ain theSReNGirBidiér BmpEY®Ia setBrde o QoI ingrabpled ionput to
sel ectively activate the voltage |evel adjustnent elenent; wherein
the second transPee@MEdyqliges leyelcoptpldi®sitt rol terninal coupled to
a__progr amgplenvpl bageh AL vGRRL Ik Ghirbtitu bl the

programmabl e vol tage I'evel control circulrt conprises: a p-channel
transi stor i ncl udiprmyaend itragsistoenviudalg ¢ dugpl tedninad eupleldt tage veloage ceyreg, a

second term nal coupled to the input, .and a third term nal coupled t
The second cont rol "t eyaadsran SRl 26 fabeabq anSrLlERnef BRLg B
fourth term nal couplg®eoddxohtiel kiming; &y m nal ; a

an n-channel transistor including a fourth terminal coupled to the third terminal; a
fifth terminal coupled to the input; and a sixth terminal coupled to the

capacitive node.

2. The circuit device of claim 11, wherein the digital logic value is provided by a clock
signal and wherein the capacitive node is not completely discharged during a logic low portion

of the clock signal.

13. The circuit device of claim 11, wherein the programmable voltage level control
circuit includes one or more inputs to receive one or more control inputs, the programmable
voltage level control circuit to control the voltage level adjustment element to incrementally

increase the voltage level in response to receiving the one or more control inputs.

14. The circuit device of claim 11, wherein a discharge path through the second

transistor is regulated based on a voltage level at the capacitive node.



fifth termnal coupled to the input; and a sixth term nal coupled to
the capacitive node. 12. The circuit device of claim1ll, wherein the
digital logic value is provided by a clock signal and wherein the
capacitive node is not conpletely discharged during a logic | ow
portion of the clock signal. 13. The26ircuit device of claim 11,
wherein the programmabl e voltage | evel control circuit includes one
or nore inputs to receive one or nore control inputs, the

progr amrabl &5. Vet Qleﬁglet dewige ol elaim # biwherai Hietrrogsaramable b ltagedevad corips

| evel QQbHé&UFQ&D enpnt to incrementally increase the voltage |leve
in response to rec |V|ng the one or nore control inputs. 14. The
circuit devbeeoroforelpairsrofli-channelrteinsis@rylbabipair@é npatimet ham‘@dsrs b(b’lﬁprising
second transistor is re Iateq ased on}F volﬁagel%$ h

capacitive ﬁﬁbsé” channey wansplar ipglpding ¢ syediderypal ePup eé\%@P%FWtﬁohe
programmabl e vol fagRal, i elgh@aBiniifhl coGhle@ i the fripit, ALY aﬁﬁll‘ﬂﬂ)fehﬁ%ﬁ afdhe or
nore pairs of n- channel transistors, each pai r of n-channel

transi st or s ESAPE Nshapel transtsiergpcivdingaFang termiapsiogpled tq e ningh igmEpal, an
seventh term nal elQ\%HLt%ﬂnﬁan éomﬁleﬁg&gg&tr%?ﬂﬁﬁplandE?\K/é&tﬂ%ﬁl muf?a”c&! LB the
term nal coupled to the 1 nput a ninthtérm na da sec

n- channel transistpacitiveicddedi ng a tenth term nal coupled to the nlnth
terminal, an eleventh term nal coupled to a control input; and a
twelfth termnal coupled to the capacitive node. 16. A circuit

devi ce conprésAmgcmﬂe@n@;&ﬁmxﬁB@eiving a clock signal at an input of
a digital CIrCUIt devi ce includin capaci tive node; neans for

sel ect i vel yma¥wsifoiaiersiying a\F&Cﬂ%@aF ?é@évnpéeaﬁ%@lﬁéﬂtc'réwléﬁ%vn%e ingludiRgdttl e
an electrical digghargsdath fromthe capacitive node to an

el ectrical ground to prevent conpl ete di scharge of the capacitive
node; meansmfors fasséactively aetivaoner voaitage lewhidjedtmentaidneens iqgthadttle an a
Vol t age 1 evel aditatr At B Feuf S B HRLIP b BT RlelBaltuygee °
means for deasSQﬁEWﬁmc@h@eﬁamﬁhmgﬁdeméaakkﬁhe@B&b|e 5|gnal to bypass
the voltage | evel ad{ustnent circuit in a second operatlng node.

means for asserting a power mode control enable signal to a control input of the voltage
level adjustment element to activate a voltage level adjustment circuit in a first
operating mode; and

means for deasserting the power mode control enable signal to bypass the voltage level

adjustment circuit in a second operating mode.

17. The circuit device of claim 16, wherein a voltage level at the capacitive node
reduces a voltage swing of a signal at the capacitive node, such that the capacitive node

discharges to a non-ground voltage level instead of to a ground voltage level.

18. The circuit device of claim 17, further comprising:

means for receiving a first control signal at a voltage level control circuit coupled to the
voltage level adjustment element; and

means for increasing the non-ground voltage level to a second voltage level that is greater

than the non-ground voltage level.



17. The circuit device of claim 16, wherein a voltage |level at the
capacitive node reduces a voltage swing of a signal at the
capacitive node, such that the capacitive node discharges to a
non-ground voltage | evel instead of to a ground voltage |evel. 18.
The circuit device of claim17, furth&b conprising: neans for
receiving a first control signal at a voltage Ievel control circuit
coupled to t volta IeveI adj us nt el enent; nmeans for

i ncr easi ng ﬂﬁ Tﬁaﬁlr@w devicadied ofaagd 0 b B qopr Geconi® %dﬂﬂafhé.@@a BiRdjage
that i s.9r&atiggic lé@?@rt%h%fﬂfé‘%‘l&ﬂ&%l yRkd 898 rdcavEd ms@@ctlo;\g The
circuit device of claim16, further conprising neans for adjusting a
vol tage level of a logic low portion of the clock signal based on a
received i nsg 1 %Efcﬂgult g&’lc J}%la(ﬁ]nrl%u uEth?r olm(b?isf?lf éaﬂé P&'r%??lg c%ﬁ{r?l
conprising neans tor applying a coh rol” ~'srgna o a vo 1%ve
ContrOk@ﬁﬂﬂ@ﬂth@@U@kﬁdmﬁﬂﬂbhﬁnMﬁthQ&aﬂev@ha@ﬂpwﬁh@nﬂhwﬁﬂ@ﬂﬁﬂﬁtdO

incremental | y adjust a non age | evel.
ancremen¥ally aJdJuust a non- grourcl’d VO tage\{eve} g ,



