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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.

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.
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speed, the circuit area, and £he wiring routing
conplexity. In some instances, nultiple power supplies
have been introduced to reduce vol tage swi ng
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input of a digital circuit device |nclud|ng a

capacid dtNanother 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.

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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[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;



1-4; [0018] FIG 6 is a block diagramof a fifth
particular illustrative enbodi nent of a systemto
w@osnod20e vol tage swing; [0019] FIG 7 is a bP@OKS2008/057952
di agram of a sixth particular4illustrative enbodi ment
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i'n FIGS. 1-4, 6, and 9. V. Detailed Description
[0023] FIG 1 is a block diagramof a particul ar
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may be responsive to a signal, such as a clock signal.
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circuit device 106 that is coupled to the. input 104
elRek pignals haviee waiucqfﬂis,ol@g@ SYHE l&p?e@aﬁnfeﬂgwgcfge gyppems of FIGS. 6
iheh.udes a capacitive node 110 that is coupled to the
l'ine€ 108 and to a voltage |evel adjustnent circuit
112. The voltage level adjustnment circuit 112 is
[0021] coupl EWG.tDiseHbw dingrat0F, a pasticihe idagetive embodiowat aflomethod of

q@& ﬁp an q*ectrical round 114. [0024] In a
PP AE BYOTeF G4 t8at i Ve enbodi ment, a cl ock input may

be received at the input 104 and nay be provided to
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prevent e capacitive’ node 110 fromdischarging to a
zero voltage level. In a particul ar

U | usDeatiledddasoagtioent , the term "regul ate"” as used
herein refers to controlling, throttling or otherw se

[0023] LZ?? ! Et(’ﬁgl%s %ﬁﬁo&c%?&ri%%fr%u\gl\égf \allip%rt}cﬁFar (ijl.iussﬁ’Qt‘?l\gcgeernlg)oaatir?l'entlorf1 aasystern 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 prevent the

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



enbodi nent, a nethod of regulation may reduce a rate
of discharge of a capacitor or capacitive node. In
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circuit 432, whs 6V & the (Equation 1)

The dissipated energy (Eissp)) represents the dynamic energy consumed by the given
net or chip, a total capacitance (Cirotay)) 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 (Edissp)) by the given net or chip is proportional to the voltage swing (Vswing))-
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.

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,



di scharge of the capacitive node 110 when the cl ock
signal is at a logic low level, the voltage sw ng of
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energy dissipated by the digifal circuit device 102 is
al so reduced. [0026] FIG 2 is a circuit diagramof a
second particular illustrative enbodi nent of a system
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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 the input 204 is at a logic

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



adapted to receive a data input and to provide an
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reduced by increasing a logic low or discharge voltage level.

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



control termnal of the transistor 218 is
approximately equal to a threshold voltage of the
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turns off and the voltage | evél at the node 220 is
held at a voltage level that is greater than a voltage
| evel of the electrical ground 206. In this manne
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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



node 316 that is coupled to the line 314 and to a
vol tage | evel adjustnent circuit 320. The vol tage
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pMEapewgraumabﬂmn%mmnhgeoﬂeveI control circuit 318 nay
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[0036] one OEI(ETD 4{ i%‘ 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.



control inputs 306. The programrabl e voltage | evel
control circuit 318 may control the voltage | evel
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to allow the capacitive node 16 to discharge to a
desired voltage level. [0035] In a particular
lustrative enbodiment, by limting the discharge of
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i1l ust rat ive enbodi nent, the voltage | evel adjustnent

ci r culhe gibgramyiatile valtageribwd comrul ctuit 430 wnoludag@ultipletransistor

adj ustment circujt 320 jllustrated in FIG 3. The
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er

€n- chanllel 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



coupled to the node 4 11, a control term nal coupled
to a power node bypass input 414, and a second

W@ 20oafiin@be coupl ed to the electrical ground 406PCTAE2IV08057952
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power node bypass signal is abplied to the power node
bypass input 414, the voltage |evel adjustnent circuit
412 provides a d| scharge path fromthe node 4 11 to
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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,



vol tage level control circuit 430 may include

addi tional transistors, such as the transistors 442,
wal2008/116266 and 444 and addi tional control i nputBCT/E82908/057952

as the control inputs 434 andl2436 to provide

addi tional control and additional voltage |evels.
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applied to the input 404 is a clock signal, the node
[0043] 450 i EIG. 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 (Vgg) 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



kept at a voltage |evel, such as the voltage |evel of
the voltage source (VDD) until the |evel of the clock
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l evel that is at |east one volXage threshold bel ow the
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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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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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coupled to a circuit element 718, a control terrmnal 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



the node 636. Since the transistor 608 is turned off,
current does not flow to the capacitive node 620.
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logic low level control circuit 742 to adjust a logic low voltage level of the logic low

voltage level adjustment circuit 734.

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 level 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
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result in reduced power consumption for the circuit.

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 node. 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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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



adjustnment circuit, such as the voltage |evel
adjustnent circuits 722 and 734 illustrated in FIG 7,

woreaesaoeper ate to produce a second cl ock si gnaPCTEHS1008/057952

[0060]

[0061]

[0062]

[0063]

[0064]

a reduced vol tage swing, suchl%s the reduced clock
signal 824. In this instance, the reduced cl ock signal
824 varies fromthe input clock si 802 at both the
FBPE MRty taaRswingadi uninmt piseut ﬁﬂé ey hrogtageable to
f i age (VDD) and the
%}b?cgﬂ%l o UféPhlleglnllgce g\% \\E/Héﬂg%é‘g Ss) represent
reducti ons in the cl ock voltage sw ng, which may
r esul FIG.nl Oradcbhushed's palwpitayoconsatiqt 086 thadis ctdmpledito chai digital signal

0056 a ram of a parti.cul )

Iiolcﬂsé{””r ﬁil%v"@gé 8‘&&3[%@&}52&: RBrhstehan T dgREs 0910 ifgoypled to the
Eﬁ%htﬁlaéﬂgna? pfdagsso{'\IOl%Og‘%d(ﬁﬁd‘ﬂaﬁg Ka ﬁbﬁh@%‘ 103? i§ @&ﬁilé’aet@ R digital
an i nput digital circuit device that includes a

a
gapdoredesor ABHE. AAddaritscoder (GODEA) 1834 oirt dgebct ewlled to the

di ust. ' I iuel i
AR BT i, 2 SR PRI SR ABASE, fben e cou
appt icebE© 10 capacitive node to a voltage | evel that

is greater than a ground voltage |evel. Mving to 906,

a first control signal is received at a voltage |evel
c ont r BIG cliradsq 1Pd1@6fﬁbthéﬂa péreteneoqppiollgl B040espa be coupled to the

BAESIRRGFLLEH 10 FURSSIINARACHOI0LT s i

ogic low portion o
smbodments aippoceappty 10E4as sagpdacovind dragleplsgstedn lt()Bat Maseover, in

Bp59s6lr pobs R oularird 5. 10y FagorPeVar he Fpuf ovice

86 oL BRIk S 1 HFditie Iﬂﬁ‘)‘oﬂh%n@qib}gs ttl?éjx!vﬁeleisrhn?enﬂﬁl nbituha IEhe power
i 1T dstrative embodi nent, the voltage | evel adjustment

mprpbul(i44rmt§/ e}bern@buwhedn{cmpayﬁipmglﬂ)aﬁnﬁwevm Eachge couple to a
ont r ol recei ve one or nore control

SopReeat ¢ Cftﬁ?ggarl@tsgstswr@%t flow through the vol tage

| evel adjustnent circuit. By regulating the current

f | ow, It diparvohibeigiastteie lemddiinsdnBBRE valtape Yivingidpwentms ccuit
ﬁam tive node fromdischarging to a ground voltage,

Vs Be uyed te aphasice pysath perdomages efthe gprigle sommunications
q_ﬁjléeaﬂﬁ)ol q%( ?leg{llafa a%htggeggwe & ngﬁtgfe}{PE} i0f0 1R % reduce overall

a vol tage swing o ‘e capaci
clodeposcraioanpetidnamfiteddinecd H0O0yihbtchy extsmding batogty hfe, 1rnprov1ng
there to reduc power cons nptl on. Addi.tional l
B Wee % ﬂence%w?ﬁlo%n dpbencig F OEHamyace 8t Fdeyiss Apotys
the vol tage source (VDD) nor discharge to the ground

vol t agenb@y 8k uh¥&Shod HAEWhAR AL JoRagdBWing \é’dﬁl%efn@&’fr&ﬁt 1011 is
[0058] In general, while the capaC|t|ve node

sHowrse g wattin ‘qhe ngggl signa] pr@essod 1010t whiogn swmg adjustment
81&#&#@2& trnay I;Ee %@ch{ngoc etc%gfp%ﬁgtgtl tlﬁﬁg&ng (t:he &1splay 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.

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



the capacitor may represent |ine and gate capacitances
associated with other circuit conponents. [0059] FIG

waosa1@obl ock di agram of a wi rel ess comuni cakCDES2008/057952

[0065]

[0066]

devi ce 1000 that includes a c3®cuit device to control

a voltage swing 101 1, which nmay be one of the circuit
devices illustrated in FIGS. 1-4, 6 and 7 or which may
Finpligpinbe eaneish hodsned ups Ardditianalindhesaléaer seinggantpe reduced

‘ ‘ Coati ;
{885t 2001 L GRTIAES: EOBDIEI Bt
peremessiode bygtashlogk ta atlo@ithadevidegn dlypsss oloeseosr sddags in particular
G S AR Bl S B e v
gac%gedéfor Iﬁlghg%%%&%d‘@aﬁ Ple hESREMY Iﬁﬁc@dcﬁsed]ﬁtf"robﬁ%tﬂ%ss, timing

a particular [ustrative enbodi nent,

ol pavge tswdeofts tadfdist mdogic bighowithgd RYell tomyregerelogicdow voltage
educ vol.t age sw ng Signa ob sed i n. hi gh, speed

5t Setub o A aEr Shaneg peGlorad grinens e B SgRoTome

@cgﬁstﬁﬁéﬁtt @RuAN 0¢ NidkhataKt Eiesuit BHEMRs AR FdMRgOSwmBivAtRYEt em

1022. The reduced vol tage swi ng signal nay réeduce

ewnpromipesdc sigmakinmeriton t hr ough reduced vol t age swing

on signal buses and clock buses. In a particul ar

illus i { i t -val i -adj ;
B S
Bliogksa comiguaions | mpdded, bigeyptsparisagarithspesd desdribbd it connection

. . I Cth 1Tt
Lhoouc g Sopar ol e, POUET Dl 3k 4 A Lol Svare,
Edchpaber @k PR Ronstof®oiO! 0 IS ili
bbbt ShiRg SR Ot R Ronslo Bolf AL e AP Hangeability
affhardvarched salingarcpfarione ilustrat@agecosviongnts,[HIGGB] carkiGuralions,

al so shows. a di spl controlle 26 that |s. coupl )
Pig0thed GeReE 4t SRy DR BseBbeaidoe el n SRt i
#2280ndMpy. e@MBiher @khifRYonaY i SRR S aCIONPN &L of QoftD&re
digital 'signal processor 1010. Additionally, a menory

darads wpanghpbaticeler apdicetiq andldesigy wanstpmse wepnsed @O i@, overall

A codeg/.decoder (CODEC) 10 can al be. coupl.ed to

OB S e S ot IS B0 B uRTich B 15 S ey for
achipaftRpheappliddsn, tansid ifplE@thtion debigiopENtuldldbe interpreted
[0061] FIG 10 also indicates that a wreless

BORUPIBR ladleparby o fieanthe scans b ithadpressnt fisclgsuset al  si gnal
processor 1010 and to a wirel ess antenna 1042. In a

parti gyl ?t%;%fm%%ﬂﬁs%r ilg%gl‘ﬂ esSHPR ¥ cbifteibs v&@tﬂlﬂi’% e?

to the on I p system reover, I1n a particula
embodimeetstdiscised hé¢rastmast Bdembodidd3iretfly it h&rddiasp iray software
1058, the input device . o

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.



1030, the speaker 1036, the m crophone 1038, the
W rel ess antenna 1042, and the power supply 1044 are
we@iennabe t o t he on-chip system 1022. However , PERUR2008057952
coupl ed to a conponent of thellon-chip system 1022.
[0062] In a particular illustrative enbodi nent, the
vol tage swing adjustnent circuit 101 1 may be used to
[0067] enhandbe BigEioap dessEption phihe élS@bS@dn@anﬂimawﬁ és provided to enable any
g&%ﬁ'ﬂéﬂg@lf 1'119Hega1‘gf‘ovﬂn§1§e (}rqgg 61}[6 soqgsreh' baﬁnen?s V?%r{o
W ng adj ustnent circuit uce overa ock
podicatensa tipdst ombodintchs vdtﬁ\he&%dl@@@parbhﬁb&l&)&e skilled in the art,

LR NS0 B RAICITE) RO BaroRHIRDE o o Fre B gghs withou
Qind GG 3e Aptmtsd}‘%e r}% &Qhé’&‘l@ﬁBﬁer O@Ihﬁshﬁ{e ﬁi‘@eh@dlgagsure is not

I'tage swing adjustment circuit i's shown onl
mte_tﬂdmh ta brelimitgd toethe singndimeptscbews dmreirolllﬂ is tohtee apodntda@ éhe widest

sw ng adj,ust nent ci. it .10 ovi ded..i n
ShEPoRihs BB SR g i T G B P bl B by the
8RGsind biginy r el ess controll er 1040, the CODEC 1034, or
any other conponent that receives or uses a clock
signal, such as a logical latch circuit, a |ogica
flip-flop circuit, other clocked circuitry, or any
conbi nation thereof. [0064] In general, enbodi nents of
the voltage swi ng adjustnent circuit 101 1 provide
signi ficant advantages over prior are voltage sw ng
reduction techniques. In a particular illustrative
enbodi nent, the voltage swing adjustnent circuit 101 1
may provi de as much as 33 percent power savings on a
net of a circuit device w thout adversely inpacting
timng. Instead, because the voltage swing is reduced,
the timng of thecircuit may be enhanced, i.e., sped
up. Additionally, the voltage swing can be reduced

wi t hout introduci ng additional biases or extra power
suppl i es. Enbodi nents discl osed herein include bypass
logic to allow the device to bypass the power savings
in particular instances. Mreover, the inplenentations
illustrated and descri bed herein nmay be scal ed for

hi gher vol tages and can be m xed and matched based on
robustness, timng and power tradeoffs to reduce a

| ogic high voltage level, to increase a logic | ow

vol tage | evel, or both. Another advantage provi ded by
enbodi nents of the voltage swi ng adjustnment circuit
101 1 is that the circuit reduces the voltage sw ng

wi t hout conprom sing the signal integrity. [0065]
Those of skill would further appreciate that the
various illustrative |ogica



bl ocks, configurations, nodules, circuits, and

al gorithm steps described in connection with the
weerwsdiqrent s di scl osed herein may be inpl enent BOI/ES2008/057952

el ectroni ¢ hardware, computer2ksoftware, or

conbi nations of both. To clearly illustrate this

i nterchangeability of hardware and software, various

illustrative conmponents, blocks, configurations,
Mﬁiﬂﬂiﬁglﬁﬂlﬂﬂiiﬁ.and steps have been described above
generally in terns of their functionality. Whether

such {unchi@p@bf &dhtr‘oﬁlﬂgt']@‘l'cﬁﬁ%é‘E@ﬂlgaﬁleqﬁétﬁjd@é&nﬁ{sm

sof twar e depends upon t articular appl i cation and

desi greceigmeta dpekt @gmahpb@emp@wftalﬁgw ehralil dewest igphuding a

Ski || ed artlsa@s | ement the described
functlonalfgmmlﬁeng%yl ways for each particul ar

appl i caddti@bly dotivatiigeivdlap RVENdplsiratntdashdi @ Hrahow electrical
not be interpreted as causing a departure fromthe

scope of t fischsrgsseath frgmstbe sanpciivemode®) amplecty¢ad grougs teyprevent
met hod or rd.t 0 ction with the
enbodlnentgl g%(ggg%%%%?g?ﬁgﬁﬁﬁnﬁéagﬁbod|ed directly

in hardware, in a software nDduIe executed by a

process 0 f

modul Z %&e rn%[hodg)f %la%%ggm%g}e {ﬂle %é}elﬁvevf%ﬁ%ﬁn?e%&%

menor yl,crdaR@M lﬁgmhds\y ,VoE%%QMdIﬁﬂm‘e)CapaEERRGMdHﬁfm fiyst voltage level
regi sters, hard disk, a renovable disk, a

any otk greshthin asgr@%%@l%?@a.lw RyFdiRAtithe @a@émm nockn
exe”p?ﬁgl%’ar%% AR IRdIMBR | e%eﬁﬁk‘[@éc%’f th®hd ml?c{ ?&1{% é‘PJvel

such e processor “can read 1 nformati

wite information to, the storage medi um In t he

al t er patyy ] ' | .t

o ocetonpd FicddoreleAh 30 furTREL AR Au kMR Bl By Voftase
resid&ﬂﬂb%ﬁddﬁ%f&mﬁh&s@ﬁhKlnay reside in a conputing
device or a user termnal. In the alternative, the
processor and the storage nmedi um may reside as

di scr et ghe arpdechin 2, rtenrpsthpigngepsigiag aiconisrsignal to a
term nal . The EreV|ous description of the disclosed

embodVoase deviel cqsrtiol pet @0@113&4&9 the vhipep eweladiusknentspment to
in thﬁlc?errﬁeéfiaglly@ﬁﬁﬁt o1 \;dﬁg%e“lggeldl scl osed enbodi nent s.

Vari ous no Ions to ese enbodinents wll be
readily apparent to those skilled in the art, and the

gener §C Rl L GIRl 31880 AEfCPELEhAARY be applied to

ot her~e nents wtho epar fromthe spirit or
scoperctivinge flissedna®usignal Boal Soltdg&&e\&ﬂ eserdl cittwictaplydeto the
is not intended to be Iimted to the enbodi ments shown
herei n but Vol&ge devsbadiuemepiedenent: #l%dest scope possi bl e

consi ﬁ%ﬁe’&%m@"tﬁehv&lﬁge REENG aRLEHdARHaBONGL! thaaL BfcRr Bfin the

defi ne
Voltage level in response to the first control signal.

6. The method of claim 5, further comprising;:

receiving at least one second control signal at the voltage level control circuit;
and

increasing the voltage level to a third voltage level that is greater than the second

voltage level.



following clainms. WHAT IS CLAIMED I'S: 1. A nethod of
controlling a voltage swi ng, the nethod conpri sing:

wo ee8itvi2ng a cl ock signal at an input of a di gP@HEIUS2008/057952
circuit device including a caphacitive node; and
sel ectively activating a voltage | evel adjustnent

el ement to throttle an electrical discharge path from
t he capakbf ticthodidglimea, whewinhe digial clgruat f%dlqednﬁv@wrﬁrst

conp
et hog&gaigg ﬁ@]ﬁqﬁ%@ arP lgétg?%l?ﬁl% LA d;()gneﬁ]é] gt%/ee\folta-grg fevel adjustment
adj ustlempht ietrearthd vadtagakes! withag pfnvhdmg ¥ otdoadeolt@xealupply.
at the capacitive node to a first voltage | evel that

is greater than a ground voltage | evel such that the
capacRi! Tuenmeredd ofickimar, gasreiotht hepdeithvetnodokdbmgisds@aveiminal of a
instead of to the ground vol tage |l evel. 3. The nethod

of cl GaDAFIOr respOpHe tcblagia dicHy campleda thg e | ogi c | ow

vol tage | evel based on a received signal. 4. The

met hod of claim2, further conprising applying a

cont r &1 T8¢ giedodiod clpimd), fuster FRIDRISIRGNt r ol ci rcui t

coupl t

oy cgsrt Sy Sl FRFk e ARPLIBRY i ghP FRDborky ingutof the
of claim 2yolfagéﬂehet adjosichisdingit té eadiatd thg valtdderistel adjustment
control signal, 19 vol tage | evel control circuit

coupl ed toc¥%%“961F§d§WF$WéW“5@fﬁ§%nent el ement; and

i nCr eggidigcf grﬂ%aéég}t %gﬁ%ﬁ(ﬁyﬁlméd% An&EC gle s‘fgntaﬁﬁ) nggélseche

that is greater tha e vol tage | eve I n respon

the first vdmgeddvesadjnsimentirciifien aws¢dood opéragh@immds,

further conprising: receiving at |east one second

control signal at the voltage |evel control circuit;

and i b@r @mma'ghoti lo€ chagh tl aﬁﬁthleewc&hpﬂsdngaddcl’dasidg vdbgia g'%h portion
| evel {hat reater .than the

e ta
The net i6aisar! 145 sapacilivineadsi i o @g? !ﬂvegﬁ%ﬁ@a s thin o

devi ceo ke IUAess @hl%h?%ﬁlo\(l(}lftﬂ?@ﬁoﬁyﬁgﬂa)f and an
el ectrical ground wherein the voltage |evel

adj ustnment el enent increases the voltage | evel wthout

provi ¢ ng &G ANt YathpAgs,: Supply.

an input to receive a digital logic value;

a logic device responsive to the input;

a capacitive node coupled to the logic device; and

a voltage level adjustment element coupled to the capacitive node to increase a
logic low voltage level to a voltage level above a logic low level of the

input to reduce a voltage swing associated with the capacitive node.

12. The circuit device of claim 11, wherein the digital logic value comprises a
clock signal and wherein the capacitive node is not completely discharged

during a logic low portion of the clock signal.



8. The nethod of claim1, wherein the capacitive node
conprises a termnal of a capacitor responsive to a

WO o@Ba12)¢ cuit coupled to the input. 9. The nek¢ibUS29D8/057952
claim1, further conprising: ¥electively asserting a
power node control enable signal to a control input of
the voltage | evel adjustnent circuit to activate the
vol tage |l evel adjustment circuit in a first operating
nmode; 13nthSetRetdevRk b dRas e fukter ddhehrRAWES proBéehmable voltage
control enable signal to bypass t he vol tage | evel
adj usfayelontpl drsutt inguding epdAMEFaRPYLE HyrcAHe 0nd or migecontrol
met hod o l.ai r ¢ ecreas
| 0gi qulgl {:}Sh&lp% énr%r%lmgﬁfetvﬁg[a ¢ %ﬁ%lcoﬁ#&%l%ulg éo g%dt{&g {1 voltage
node te@claadiisghent@ldnagetd @vl%hlehtaap ih@edse sig: \tdhtage Revel in response
vol tage | evel of a high portlon of the clock signal.
11. AlCRPEUINE theRAcd RYREPIEI ABPUtEN | nput to receive a
digital logic value; a logic device responsive to the
i nput; a capacitive node coupled to the Iog?c devi ce

and al4olkagecuitdraice afclasn ddnvheriatbavoléagapevel adesttrﬁ@t clement
f gpgcécyﬂ]iﬁ%egg(ﬁ%ctetﬁnhgtgg g@c&? e%o%lcg gkr?sﬁt&é\évo\él? egﬁg ?ﬁljélﬁglq}etween
i nput tlie@apa&ﬁtmeamale vod araglec@malrgom&s dei fasedhnsistdn uﬁdmiing a first

capacitiv node 12. The circuit device of claim
wher efft g1 ERPONSHY '8 APENTE MOdRRPRIEd Snable r@ekto eloctively

Si gnabct@afé m@%@a 1@ PaBRRARR Idfafiode | s no
;:(r)]n'p Ietelk di sc:ﬁ 13 " ring a toglc | ow f|oor|t|on 21‘1

e clock signa e Circui evice of claim
fur thes SOUBKLS Q19icd o@'e%%gém;@gérr&%gée Lagfa g h¥hltor comprises a
r ecei sezondeordrol m@menat ommcd tol thpetpheititvh ﬁoqu toge @.[‘mfa faldéscharge
vol tage | evel control circuif to cont
| evel PHBIRISHHETE Seqoadipsipigr bases aiveric Pwe‘(fﬁ@?%& abgaifive
vol t aggd evel in response to receiving the one or nore
control inputs. 14. The circuit device of claim11,
wherein the voltage | evel adjustnent element conprises
par al 101 e o B O ST ke LRl R s o
grou nshcondh eotftiol strmnah nsurdedto a progmadinmdplavdliapsievel control circuit.

17. The circuit device of claim 16, wherein the programmable voltage level

control circuit comprises:

a p-channel transistor including a first terminal coupled to a voltage source, a
second terminal coupled to the input, and a third terminal coupled to the
second control terminal;

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.



control term nal responsive to a power node contro

enabl e input to selectively activate the voltage | evel
wa@ojosgiarent el ement. 15. The circuit devi ce of PCI/HBI9D08/057952

14, wherein the second transi¥tor conprises a second

control termnal coupled to the capacitive node to

regul ate a di scharge path through the second

transi stor based on a voltage | evel at the capacitive

node. 1¢.6Thd figcuet deibetof @R A€, Wherbindh&prbgranigsle vBltddigevel

second transistor conprises a second control term na

coupl entrob cicyit bethamspmiirecyol t age | evel contro

e bl orkfore T8 GEEEHUnlBY] FforSTcalh BT A Ll Ghilistor

t he progrannaﬁﬁe vol t'age ve gontrorcPricu

conpri ses: ca@nprigif@annel transi stor including a first

tern1na| coupl ed to a vol tage source,

t er mi parst @cﬁh’ﬁ@&k tr@@Sl%tﬂlémeemg a sgienth tftrmn%aé C?‘é‘rl?ﬁ t9ghe second

coupled to (Hﬁ%l aa‘ﬁf Htl? erinflalT: led B3h 1ng{]@gﬂ(?hglnth

transi stor |ncIu termn coupl e
third ternwnahmlanﬂlfth tern1na| coupled to the input;
and a sixth term nal coupled to the capacitiv

node. & 8Co%f 8- ?1&5 {rpnsigly 1881“91‘“&?1 tenth tarminglcappled, tq fhe ninth

pr ogr ammabiem il LaYRvEANSEERN b@lc& td £:dirol HpuR&hd a twelfth
conprlses one or nore pairs of n-channel transistors,

each pair tfmmatéecuphesl| tothoermpastios sBodsonpri si ng: a first
n- channel transistor including a seventh term na
coupled to the second control termnal, an eighth
ternih%IAammpkdth©cmhpﬁﬁmput and a ninth term na
and a secogd n- chan ransi stor including a tenth

erniﬁthB‘@ﬁN@@uFS‘?W?*nlnth terminal, an el eventh

ter m pabpacANBhede &&p%dqg e Qlcuittdthont @dere@ S8t the input; and
termnal’ coupl ed to the capacitive node. 10 A circul

devi ce velgagsriewi n@ustawnt dpmenttegupled ity theicepasitereenede and adapted to

capacitive node co ed, to the cir nt a

f esponsi veP Oy IRD S e%t ctal dlgch&rge path i electrlgmf grounlaq”or the
capac1t1ve node the voltage level adjustment element to throttle 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.

20. The circuit device of claim 19, wherein the circuit element comprises a logic

gate.

21. The circuit device of claim 19, wherein the input is a digital signal that is

responsive to a clock signal.

22. The circuit device of claim 19, further comprising a voltage level control
circuit including at least one control input to receive at least one control enable
input signal, the voltage level control circuit coupled to the voltage level
adjustment element to incrementally increase a discharge voltage level for the
capacitive node relative to a ground voltage level based on the at least one

control input.



a voltage | evel adjustnent elenent coupled to the

capacitive node and adapted to provide an el ectrica
waele@shange path to an el ectrical ground for theCT/US2008/057952

capaci tive node, the voltage 3®vel adjustnent el enent

to throttle the electrical discharge path to prevent

conplete di scharge of the capacitive node when a

si gnaf3-afhe fecuittfsiriceios clytm 32| wg¢rélm thowlinge dge! payil circuit

20. THI%I L{ 81&9(% Iggr\é's‘e‘@on(afcoﬁir ﬂi)liltgto mﬁgreéld’lu#ﬂ% voltage level.

circult e npri ses ate . e

circuit device of cIa|n119 mhereln the input is a

d|g| NS ck s

T%Jé ‘zherqg gc%uf evcie o% cla fn‘?iqg f%rtﬁ%rgéog?p%ls r{g 50(3“6%1(‘%1?0%6 enable

a V0| inpgecdupialto fti&ﬂ\tdlt‘age Rivelcddijdstrn &t lelghhong tadeldcaiadlly a@tﬁlﬁlte the

control input tg receive at |east one control enable

|nputV%Pﬁﬁ&P@lWHE“V@P%%@@mFeveI control circuit

coupled to the voltage | evel adjustnment elenment to

increnentally. |ncrease a di scharge voltage | evel for

t he capadidicyié dpgeecerapiatingie to a ground vol t age | evel

based t -

o our e P by R oA G ROH APpl R aiER B g including

control ci &capacitiveebdel@adone or nore second contro

inputs to further adjust. the volt

ge, | evel
ci r culeaRfdlor decsively| aghyating a Yaliagn e ]caéiﬂﬁbﬁtm@itr? r%fmﬁ fibrotile an
node enabl aefﬂeﬁtdlé‘c‘ﬁ'a‘t%le ?gthtf?otﬁtfﬁ"e ghélﬁg@n&ﬁ\’tﬁ an electrlcal ground

adj ust ment el ement to sel ectivel ctivate the voltage

| evel adj ustprevdint ebrepietetdiscbrgeAf ¢hercrapa¢1tlvd@mdce

conprising: neans for receiving a clock signal at an

input of a digital circuit device including a

capacié6.i Vic ciowa; deai’bd offelains 26 pwhaeinght volelgy laet rodatdsmgvoltage

a vol tage Ievel justnment. el e nt t rottle an
el ect PYRgIOTASERR é%e PREAFT B Eﬁé@ ¢4PpeitiNg BRd ¢jscharges

an el gel Adeglousld OM?%etlé’vePﬁﬁbéﬁﬁJ bf ﬁ) BhEvaltSenage of
the capacitrve node. . The circuit device of claim

25, wherein the voltage | evel reduces a voltage sw ng
of a sy PRl citlyid @w%%@@féhh by efuPtﬂQPcongHFsﬂl hat the
capacitive node discharges to a non-grourd voltage
| evel measst feactceivirtgm Brsgcatmodsigodltabgeoltapedevel 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.

28. The circuit device of claim 25, further comprising:

means for asserting a power mode control enable signal to a control input of the
voltage level adjustment element to activate the 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.

29. The circuit device of claim 25, further comprising means for adjusting the

voltage level of a logic low portion of the signal based on a received instruction.



27. The circuit device of claim26, further

conprising: neans for receiving a first control signa
W@rooa/1vw2hé age | evel control circuit coupl ed toP@HES2008/057952

vol tage | evel adjustnent el emht; and means for

i ncreasing the non-ground voltage level to a second

voltage | evel that is greater than the non-ground )

vol t ad® Theercuitxpvicyieé clajmp ddi furhenoamprisinganeanmiompplying a

furth 1181, NQ;; f [

cont r R ERRASh Mol AR5 b AR R KR AL BAPP ko Fevel

vol t agdjuitenel cladintsd menimeta hyealjust theawhigratie] tdigge level.

vol tage | evel adjustment circuit in a first operating

node; and neans for deasserting the power nobde contro

enabl e signal to bypass the voltage | evel adjustnent

circuit in a second operating node. 29. The circuit

device of claim25, further conprising nmeans for

adjusting the voltage I evel of a logic |ow portion of

the signal based on a received instruction.30. The

circuit device of claim25, further conprising neans

for applying a control signal to a voltage |evel

control circuit coupled to the voltage |evel

adj ustnent element to increnentally adjust the

non- ground vol tage | evel.



