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[ 1001] The present invention relates generally to
w@Re0s08832 and nore specifically to a power heRdBWS10041021529
1. Background [1002] Integrated circuit (1C

fabrication technology continually inproves and, as a
result, the size of transistors continues to shrink.

Thi s enabl es nore transistors and nore conpli cated
circuits to BOWROWER NFBhHYAHISIIDE SWHFC

alternatively, a smaller die to be used for a given
circuit. Smaller transistor size also supports faster

operating speed and pr enefits. [1003]

For conpl emant ary met a%‘%&i@g@mmuctor (CMOS)
echn which is wdely used for digital circuits
nds analog circuits, a major issue wth shrinking
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pwertheadsvatcBes a transistor and causes oxide

breakdown. To decrease the E-feld, a | ower power

supply voltage is often used for snaller geonetry

HansB% reundNf Oortunately, the |ower power supply

vol tage al so i ncreases the delay of the transistors,
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Mg@ﬁgldg{ &helrgeg Leakage current becones nore

technol ogy scales smaller. It can
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respect taq the decr ase in_transistor size.
b b o Fegb R i i b SEaH 1 DR ERb e h hrinking
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tens of mcro-a to one mlli-anp Tn standby current
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st andby current Povvere which is a thousand
ansisiers, whiehsis gmég@@b & Foarhighyepeed circuits. To improve the delay, the

threshold voltage of the transistors is reduced. However, the lower threshold voltage

and smaller transistor geometry result in higher leakage current (or standby current),
which is the current passing through a transistor when it is turned off.

[1004] Leakage current becomes more problematic as CMOS technology scales
smaller. It can be shown that leakage current increases at a high rate with respect to the
decrease in transistor size. To illustrate the point, a microprocessor implemented in
0.13 pm (micrometer) CMOS technology may dissipate tens of micro-amps to one
milli-amp in standby current when it is powered down. In contrast, it has been
estimated that with current technology trends the same microprocessor implemented in
30 nm (nanometer) CMOS technology may dissipate as much as one Ampere of standby
current when powered down, which is a thousand or more times greater than the

standby current for 0.13 um CMOS technology. (0.13 pm and 30 nm refer to the



standby current for 0.13 mm CMOS technol ogy. (0.13 mm

and 30 nmrefer to the"feature" or device |ength,
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[1009] In an enbodi nent, an electronic circuit

conpri sed of a load circgutv headswitch is
provided. The load circuit includes at |east one FET

[de88lce Ankwapnywdrelow-area dicadsplieh }ﬁvﬁingh@m@dg‘feﬁﬁhnalﬁ:e over the
congentlonal i’%%?[j hgz{dg\?vﬁgf’ ?sr prov1c¥%nﬁereinum"[‘£1e inherent higher (electron)
mobility of N-channel FET (N-FET) devices over P-FET devices is exploited to
implement an N-FET headswitch having less leakage current, lower ON resistance, and
smaller device size than for a P-FET headswitch.

[1009] In an embodiment, an electronic circuit comprised of a load circuit and a
headswitch is provided. The load circuit includes at least one FET device and may be,
for example, a microprocessor, a digital signal processor, a memory unit, and so on.
The headswiich includes at least one N-FET device and couples between a power
supply and the load circuit. The headswitch couples the power supply to the load circuit

when the headswitch is enabled ‘and cuts off the power supply from the load circuit



The headswi tch includes at | east one N-FET device and
coupl es between a power supply and the load circuit.

wah@skessgswi t ch coupl es the power supply to theCT/osm04/021529

circuit when the headswitch i g enabl ed and cuts off
t he- power supply fromthe | oad circuitwhen di sabl ed.
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an electronic circuit with an N-FET
ﬁ’é W&%‘ﬁ%@‘?} in a linear voltage regulator; and
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headswi tch used in a digital voltage regul ator.
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[1e18) n ﬁG ‘exlﬁmikl @ry-stag@cmgewssaru ly to be
construed as preferred or advantageous over other
HO46li ndh¢sd shows an electronic circuit with an N-FET headswitch used in a linear

voltage regulator; and
[1017] FIG. 6 shows an electronic circuit with an N-FET headswitch used in a
digital voltage regulator.

DETAILED DESCRIPTION

[1018] The word “exemplary” is used herein to mean “serving as an example,

instance, or illustration.” Any embodiment or design described herein as “exemplary” |
is not necessarily to be construed as preferred or advantageous over other embodiments

or designs. .

[1019] FIG. 1 shows a schematic diagram of an electronic circuit 100 with a

conventional P-FET headswitch. Circuit 100 includes a P-FET device 110 coupled to a

load circuit 120. P-FET device 110 implements the P-FET headswitch. P-FET device



or designs. [1019] FIG 1 shows a schematic di agram of
an electronic circuit 100 with a conventional P-FET
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coupled to a load circuit 1204 P-FET device 110
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higher than the power supply voltage, VDD, while one of the diffusion voltages reaches
zero volts (i.e., the device is overstressed when either the gate-to-source voltage, Vgg, or
the gate-to-drain voltage, Vgp, is greater than VDD). This overstress may compromise
the reliability of P-FET device 110 and shorten its life expectancy.

[1023] FIG. 2 shows a schematic diagram of an electronic circuit 200 with an
innovative N-FET headswitch. Circuit 200 includes an N-FET headswitch 210 coupled
to a load circuit 220 and a charge pump 230. N-FET headswitch 210 is implemented
with an N-FET device 212. N-FET device 212 has a drain that couples to the power



zero volts (i.e., the device is overstressed when
ei ther the gate-to-source voltage, VGS or the
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overstress may conprom se thesreliability of P-FET
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to the threshold voltage (i.e., Vpg = Vth), and the load supply voltage is decreased by

the Vps voltage drop (i.e., Vload ~ VDD —Vth). N-FET device 212 dissipates power
due to the Vps voltage drop. To reduce this power dissipation, N-FET device 212 may
be operated in a linear region by providing a headswitch control signal that is at least
Vith higher than the power supply voltage (i.e., Vhs = VDD + Vth ). In this case, the

drain-to-source voltage, Vps, is approximately equal to zero (i.e., Vps ®0), the load
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circuit). Moreover, the voltage drop across head switch 210 at maximum load current is

within a tolerable limit.

[1030] FIG. 3 shows a schematic diagram of an N-FET headswitch 210x, which is
another embodiment of an N-FET headswitch and may be used in FIG. 2. For this
embodiment, N-FET headswitch 210x comprises M N-FET devices 312a through 312m
coupled in parallel, where M is an integer greater than one. As shown in FIG. 3, N-FET
devices 312a through 312m have drains that couple together and to the power supply,



[1029] FIG 2 shows an inplenmentation of N FET _
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: jgnal . ]?f . The
t@‘éﬁ@{r% ltsa?egﬁgci%gn@hg%@Qh%&ta%g ggrro(s)sl ea%h %Qpacitg)r is zero. During clock
phase ¢1, the control signal P is at circuit ground, N-FET device 410a conducts as a

diode until the voltage at node N1 becomes (VDD -Vth). During clock phase ¢2,
which is complementary to clock phase ¢1, the control signal P¢ is at VDD, the
voltage at node N1 is increased by VDD and becomes VDD + (VDD - Vth), the control
signal f’?q; is at circuit ground, and N-FET device 410b conducts as a diode until the

voltage at node N2 becomes 2 (VDD ~Vth). When the control signal ﬁ goes high

again, the voltage at node N2 is increased by VDD and becomes



are conplenentary clock signals that transition
between logic high (e.g., the power supply voltage)
wa@easlasspr | ow (e.g., circuit ground). The conP€DIUS2004/021529

signals | ?f and f naybe vieweg as one form of the
charge punp control signal, Enb, in FIG 2. [1033]
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(b1 1 gt P A3 sy i v ha %Ti@ggéﬁﬁdﬁlow tumed

érat puts 1Q Ebé’sﬁbl@ SR8k |1<5\Ir YieffswittR Qﬁrcﬁ %ﬂa%% (ﬁ? the N-FET

need to In fact, the r|ve cap |I|ty
hradeyeitahg %@rgeamg@ Bsidghs et consunge duitentehen N&iiﬂik:héaﬁmﬁch 210

Bl R, R bt R o e TR ol v copigered i

thaﬂeakagmmere@n‘bdd@a N- FET device(s) used for the N-FET

dsvm tch.
HS FIG. 4 shows an exemplary embodiment of a charge pump that may be used

to provide the headswitch control signal, Vhs. Other charge pump designs may also be
used, and this is within the scope of the invention.

[1038] FIG. 2 shows an embodiment whereby N-FET headswitch 210 is used as a
power switch to either supply or cut off power to a load circuit. The load supply
voltage, Vload, is determined by various factors such as the headswitch control voltage,
Vhs, provi(ded to the gate of N-FET device 212, the size of N-FET device 212, the
saturation or load current, Isat, and so on. The load supply voltage is not regulated and

may vary depending on the loading on the headswitch.



[ 1036] Charge punp 230xmay be turned off when N FET
headswitch 210 is turned off. This is possible since a

wo owshessoswi t ch control vol tage, Vhs, turns of PCT/082004/021529
N- FET headsw tch. Charge punpg23Oxdoes not consune
current when N-FET headswi tch 210 is turned off. The
current consunption of charge punp 23Ox is thus not
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@g%sgcgﬁﬁ—%@eéevﬁt!}es 1%%%{&?, WP 1l %sﬁlﬂls inve? lsrgla ?"VD\S{%ltage drop and

a higher load supply voltage, Vload. The complementary actions occur if the load

supply voltage, Vload, is higher than the target voltage, Vtarget.

[1042]  As also shown in FIG. 5, a divider circuit 550 comprised of two series-
coupled resistors 552 and 554 may be coupled between the load supply, Vload, and
circuit ground. A divided load supply voltage, Vdiv, is obtained at node Na where
resistors 552 and 554 interconnect. The divided load supply voltage, Vdiv, may be
provided to the inverting input of operational amplifier 540 instead of the load supply
voltage, Vload. Lower voltages at the inputs of amplifier 540 may simplify the design
of the amplifier.



on the result of the conparison. Charge punp 530
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‘ﬂ%@ ﬂ]‘?é thg%yge(t‘ [.1044] FIG
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H'OQH]' de ThB&si %%Y’Jhd% gﬁﬁﬂ}rr erﬂ%sg }‘dllowgs A]gﬁld%%{egewes and

vol t'age regul at or used,
digitizes mpdoadmgpg]oropﬁaﬁ, Wil deel, amd/plmfldemakEHLNEﬂd o, v@here k is an
ronic circuit

ws a schematic an el ec
P eRa e ae  CRrRERE Rebisefiivg the by Spload dom ADC 650
drghb &LBiE cokdhd] Gibrd
618ﬂh a | og?j circuit 6 St Rglhﬁgs?gfgibsgbgﬁgé%e@&ﬁga%{%e for the
loathsepnly.eVlgdo, Canolian Gfathen- -compuitey| thal diffeene@r NBY between the
i s inpl enented with an

0. N--FET adsvm h 61
(ﬁé E%ld gg{/qscaéldéir?vl&@ t‘?deG]Q@P foroghargq pemp 1630. The
d2flo]l WOl DEAIElaRMTH tl@sﬁff@lreﬁce AD between the words Dtarget and Dload.

In one embodiment, the control word Dep may be computed as follows:
Dcp = Av - (Dtarget — Dload) — Dos Eq 2

where Av is a gain value and Dos is an offset value. In another embodiment, the
difference AD is provided to a look-up table, which then provides the control word Dcp.

The look-up table contains a transfer function between the difference AD and the word
Decp.



coupl ed as described above for FIG 2. Controller 640,
charge punp 630, N FET headswitch 610, and ADC 650 are

wab®s/oessopl ed i n a feedback configurati on and PCT/US2004/021529

collectively inplenment a digiiml voltage regul ator.
The digital voltage regul ator adjusts various contro
si(?nal s such that the |oad supply, Vioad, is
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RS b ; e difference DD and the word
Dcp. [118(%7 %E%g?gléé unp 630 receives the n-bit control
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s, up or d corresponding tao (and possibly
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“the proper anmount to rmaintaint
supply, Vload. For example, the rates at which the load supply, Vload, is powered up

and powered down may be controlled by programming a sequence of values for the
word Dtarget.

[1050] FIG. 6 shows an exemplary embodiment of a digital voltage regulator that
may be used to provide the headswitch control signal, Vhs. Other digital voltage
regulator designs may also be used, and this is within the scope of the invention

[1051] An N-FET headswitch can provide various advantages over a P-FET

headswitch. Some of these advantages are described below.



VI oad, at the desired voltage. [1048] Simlar to N-FET
headswi tch 210 in FIG 2, N FET headswitch 610 in FIG
w®2008043¢2 t ur ned of f by providing a | ow val ue ¥€1/4s2004/021529
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deeristrength fonths spme gmorntpitlerkageapendbf t he | nvention

] S\ an. _proyi i qus. . .

LASSTL e Ssbltls REARRY AR (8 et M m *headifiadyinstoad of a P-
EHY gmaqstyeischamey dxescp_rahtiﬁgﬂ ib?l tﬁwl-fblliﬁﬁh diieﬁﬁlantr @?si@i‘éfEFor these
eads provi de bhetter |eakage curren o drive
ARk NP B hshisichring PR oaien ddwae it Ginapgonsd to provide

: ' hal L ' i cal ti fie
BAFCRH R 94 A RS0 1 MRET AR proces
parebionl dloht rgsulth én Heddglvdst O tesistahee. | The PAHBTC ahd NVWEN devices are

he headswi.tch is turned on. It is well known that
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Table 1
P-FET N-FET .
Parameters Headswitch Headswitch Units
Device Width 32 5.5 mm
ON resistance Ry, 5.26 0.91 Ohms-mm
Leakage Current 157 20.5 LA

In Table 1, the device width is given in units of millimeter (mm) and the ON resistance

is given in units of Ohms-mm. To obtain the ON resistance for each headswitch, the



a P-FET headswitch. Alternatively, an N FET headsw tch

can provide nuch greater drive strength for the same
waemsnossef | eakage current. [1053] The benefi t BCT/US2004/021529

resulting fromthe use of an {¢ FET headsw tch i nstead

of a PFET headswitch may be quantified by the

follow ng exenpl ary designs. For these designs, the
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of the exenplary designs. [1054] As shown in Table 1,
{ &R PP énig‘?jgx}_a%&heﬂgﬁ‘ﬁwlﬁ 5s2lgp pametimest dimgneidfied with a smaller

' cyurrent .. The . .
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voltage is V;, = VDD, and the gate to source voltage is Vg > Vth. In this case, the N-

FET device will not be overstressed when it is turned on. For an N-FET headswitch
that is turned off, the gate voltage is V; =0, the source voltage is V; = 0, the drain

voltage is V, = VDD, and the gate-to-source voltage is Vgs ®# 0. The gate-to-source

voltage, Vs, is less than the power supply voltage when the N-FET device is turned off.
The device is also not overstressed when it is turned off. An N-FET headswitch may
thus be more reliable (i.e., less prone to failure) and may have a longer life expectancy
than a P-FET headswitch.

[1057] The N-FET headswitch may be used in various devices and apparatuses. For
example, the N-FET headswitch may be used in a wireless device (e.g., a cellular
phone), a personal digital assistant (PDA), portable computers, and so on. Moreover,

the N-FET headswitch may be used for various end applications such as wireless



hi ghly desirable. [1055] Second, an N-FET headsw tch
may experience | ess stress than a P-FET headswitch. To
w0 edaoessbrakage current, the P-FET headswi t ch P&T/US2004/021529
sonetimes overdriven with a qgntrol voltage that is
greater than VDD (e.g., CTPJL> VDD + Vth ) to turn off
the P-FET device harder. If the drain floats to
@Qmmulilit:atgmom(cb, cphmmmﬁdaﬁog,anetv&todiidg,abmnpuﬂeth Jagel sY @D, As an
i es the P-FET

%M%arr péee )fhﬁg dF.EéIVglg%agswé g% ﬁ‘? gcgulesfy used e wireless terminal or a

bglaths Whosd forSa ¥bad dii@ﬂ@ﬁ 'n’ﬁﬁﬁpl@'a@@éﬁ'(@mr\‘ gﬁ?lﬁ a time division
smal l er size and overdriven wth a contro

mEkiplg accpss (EPM Ay stam, aurequgneyLdivision. neulfiplEERtess: (EIDMA) @ystem,

L 0B BT A AaA0 S ' SRR by g

xlﬁuﬁiﬁ]é da&/dew ((DEDM&) | Bystet r @st anf drthdBomd] FEfequency  division
&that IS operated in the |inear region, the

AQFRMs sy VADCDMAN systam emay mplenient tI§99,5, 115-2000,
Wde'ﬁalyd Qﬂﬁ\/[)!( 4CI§10]§\3 51‘?&/5} %’o%e{/%&; Ist%?%/ l'Pds | %(D?JRIMS& system may

the gate to source voltage _
ivzdanent h@lobpESystemi for Moblle rédminenioatéons t (GSME dnde soide other
.S furned on. For an N-FET headswitch that is turned

Ifdt ‘{She gate voltage is VG = 0, the source voltage

[1658]3 OThe tNABE® 'h@hdbvd{féhtdé&%bbé hé@in o ¥PPe usé@r V%ous units. For
gate-to-source vol tage is e gat e-t0-source

exempley dhe \D@EETshqaéwtqhhmnytmeuqsdv@r ap Lgppliyation| spegidic 1ntegrated
RS0 Rl LRALHER bkl PPl i Al ez dovio
(DSPIHV proRraimyalilh Usxid@evidy (ewe;l 4 BBldrégra®mableSate aﬂfa@zr(FPGA)

to failure) and may have a onger | i'fe expectancy t
% PIOCEIR9T, Relouiqllere A, m{cacamtro Blo 2NMICEOPTPRESENE R 1StakC rm}dome access

| BRI Y e AERANS pIRL BTN} B o
{adedy aboa, b | NHFET bbmsw)tch alopér cfonét] aﬂtl\i/b giht aéhaages peipNinay be
an reo

ypleelent BT 1 PP ST s dC U APtk Blsgoidr differet 1Cs.
[@psY)i catrhORSFEH ﬁ@ac@%ﬂ% H@écﬁﬁ&?ﬁ%%%l%pﬂe fagaaaqiswnh various

comuni cati on, networking, conputer
I@xbmp‘?sé teqhnelogieB ETich eadMOScNM@F, el sulvant@gOsutthnology can

BT RN ERT R BT e & Ry 5 iR efhmotoey

odh \on$y @ibricate INHET 866&8S THONMIET Yisd@WitciR dESBBHE RE¥in may be
division multiple access (FDVA) system a

fanicated usingrfferent daviqsisizedenhpalogieM(evip) 099 9tnerB0 ram, and so on). In
%@érhlg %%nlgrl?]%ﬁ]ﬁ%a gé}bﬁl yli E&}%&ﬁb% Irr%'rqe, P@chwe anfg gc:ne 1cial as the

IC process technology scales smaller (i.e., to smaller “feature” or device length).

[1060] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.



mul ti pl exi ng(OFDM) system A CDVA system may i npl enent
| S-95, 1S-2000, Wdeband CDVA (W CDMA), and/or sone
wordvsnosstandar ds. A TDVA system nmay i npl enent EUDD82004/021529
System for Mbile Comuni catipns (GSM and/ or somne
ot her standards. [1058] The N-FET headsw tch descri bed
herein may be used for various units. For exanple, the
NVHAT He€dAIMED ISay be used for an application
specific integrated circuit (ASIC), a digital signa
processor (DSP), a digitalCsQIMS processing device
(DSPD), a programmable |ogic device (PLD), a field
progr ammabl e gate array (FPGA), a processor, a
contr IIer m cro-controller, a m croprocessor, a

stati ran@é‘rﬁle&&?@gé’lrﬁ@ﬁﬁ‘i’%}l’? a digital circuit,
an anghQ@ chi ubﬁlﬁq@%f%% 1384 ot ﬁemfe?ﬁbﬁnéf@is{o? I@]@f) deyice; and

not ed above, headsw tch, lToad circu
the ch ésmtsphpcomylsb@ qfrmllmnnemmhmmBhFEme(I\sHEE) device and

PhtsL6] Sihusel, oS E ey b HCER B rer Br il dradswicch s

bperhiidy ﬂo(batlﬁé thd lﬁchét%ﬁ%;ﬂy% tHe 1PAPEGRTS: \Ifl?e(ﬁbcﬁé’ h@&l‘s@ﬁch is enabled
such as so on. CMOS technol ogy can

PRI RO oW STEDH e the Rt cirovit sben Ohe TenGtefs disabled.

di e, whereas NMOS technol ogy can only fabricate N-FET

devi ces. The N FET headsw tch descri bed herein may be

f abri 2at edThesélagrahid élﬁmﬁlﬁfcﬂﬁmilgﬁlrﬂiei&)lﬁ )l ogi es

(e.q. .13 mm 30 nm  and so _on In general, the

N FET2 ﬁgaf@g\a%cwé@r oo h?éiiSéVY }?1‘1 andnppegativef locrrpyide a control

g@gal%mghgd@{mgﬁ the IC process t echnol ogy scal es
smaller (i.e., to smaller "feature" or device |ength).

[ 1060] The previous descrlptlon of the discl osed

enbodi nent is ov.i ded to rson skill.ed

in th% art }?E{{%mf) rCIGUH q gl gséﬁ{erg \/tE?\t‘WOB‘ﬁO 1 signal for the
Neudswitch m:lafﬁrgastdn@gé “n@nttﬂ@ﬁsaﬁmeﬂ lirebledMild a g@cond voltage
readi | é f}ﬁgparent to those skilled in the art,

g tediepssiieh i dgabligk i ned herein may be appl i ed to
ot her enbodi nents w thout departing fromthe spirit or
scope of the invention. Thus, the present invention is

not it endElet ¢lectheid éirduitas dlaﬁmtjwvlﬁﬂéiﬁ? e BRE o130 \Mhigher than
herein gﬁ{e is to be accorded the wi dest scope

2 Boltass oL e BRIMERSYIRY - pri nci pl es and novel features

di scl osed herein. WHATI S CLAIMEDI S: CLAIMS 1. An

el ectronic circuit conprising: a load circuit

conpri.sed ‘bie electtopirstiramitenffalaitnd3, aflicecin the f1ss voltape is equal to or

FET),, d
lglgger)thanez\{ v&?age R gm power supply plus a threshold voltage of the at least one N-
FET device.

6. The electronic circuit of claim 3, wherein the first voltage results in a
drain to source voltage drop across the at least one N-FET device of less than a

threshold voltage for the at least one N-FET device.

7. The electronic circuit of claim 1, wherein the at least one N-FET device
is fabricated with a high threshold voltage.



a headswitch conprised of at |east one N-channel FET
(N-FET) device and coupl ed between a power supply and

wWaQ b@sioaesse2 ci rcuit, wherein the headswitch i s oOper/a$1004021529
to couple the power supply tojghe load circuit when
the headswitch is enabled and to cut off the power
supply fromthe load circuit when the headswitch is
di sabl8ed 2 .Thélktectbrictcironit of claint Uj wherdeirCthaiafehst deMNIFET device
conprising, a_.charge punp coupled tq the headsw tch o
ah gﬁ%‘ﬁ’é‘r"&g VEth B SEGk; att posvsh issipatipry 94 the feadswiich to within a
R e pedsn TR ELREE P e e B TE,
first voltage when the headswitch is enabled and a

second vol e en. the heagdswitch s digabled. 4. The .
el ect roni ct@? reéfivﬂ\;?nfm’&f CIE"I“gi%d‘g?m/\ﬁ’eWbFWm( ﬁ’@ lﬁagw itch comprises a
whlrhlgof NSFBT dbdted han a vol tage of the power supply.

5. The electronic circuit of claim3, wherein the
first voltage is equal to or higher than a voltage of

the p r US. a . sh ol tage.aof the at

| east qgﬁe %ﬁ%@%%€$g§{rg%% g}{lcgaémgﬂ;’ g%lﬁ% HP%PE?IP%-ui t of

cl ai maf opetaciosdl imiglifiet icosgled @ HROchat&SPlhs ahd the HEAsWitch in a
t%\ﬁ%&rce vol tage drop acrgss the at |east one N FET

& onfipyation fpimpleragnt adinearyoliaga egelatosr t he at

| east one N-FET device. 7. The electronic circuit of
claim1, wherein the at |east one N-FET device is

f abri d&t ed The telectromic glrctrin o shaidndl Oy s¥Heade 8 ofétational amplifier is
electronic ciircuit of.claim1, wherein the at | east .
SRESREHe Projads & Gonteo! gignalor B shatgp PR, wideharen thgontrol signal
BOVRE cHings iphaty PRinefind Q%Aae@gﬁw $r6bidb@ by thb 'hﬁacﬁ:witch to the load
predet erm ned percent of total "power of “the headsw tch
shenit gacelerted ypltaged. The el ectronic circuit of claim

1, wherein the headswitch conprises a plurality of

N- FET devices. 10. The electronic circuit of claim 2,
furthe2. cofpe tlettAghic GifcudEToRdin Q) AlrtiRFBdhprighg:coupl ed

to the charge punp and the headswitch in a feedback

confi @%F@?%W'gléltﬁlr?ﬁmﬁ?@ﬁ {ARC) ponpded tpdhe bepdswiseiuland or .

11. T [aTal | BeUj i , erein.the
oper atg ﬁgnaﬁfggﬁ%ﬁlg (Il gd? E}%SA% ggz}na !,h?; & %»lg&“%@)l, @egem & controller,
clarge qlunyi, greadswith, tand ADEY gee punfled dnda Woedbatld doRfiguration to

control, si.gnal
1mplement a Jhgmﬁ‘ voltage regulator.

13. The electronic circuit of claim 12, wherein the ADC is operative to
_convert a load supply voltage provided by the headswitch to the load circuit into a
digital signal, wherein the controller is operative to provide a digital control for the
charge pump based on the digital signal from the ADC and a digital target value, and
wherein the digital control maintains a load supply provided by the headswitch to the

load circuit at a selected voltage.

14.  The electronic circuit of claim 13, wherein the digital target value is

programmable to achieve different voltages for the load supply.



for the charge punp maintains a | oad supply provided

by the headswitch to the load circuit at a sel ected
woiosaess92 12. The el ectronic circuit of clai mBCT/US2004/021529

further conprising: an anal ogr4o-digital converter

(ADC) coupled to the headswitch; and a controller

coupled to the ADC and the charge punp, wherein the

cont r abl er The késcgonip wifbuit BE athimi 13¢ kvhefid tHAXBafge€pump includes a

coupled in a feedback configuration to inplenment a )

kit of $3sesa gd Fagginathe digitabcontyod epablest %gf?ﬁteé ogpy efjthe plurality

ok é(%i_ m 12, wherein the ADC is operative to convert a

'oad”supply vol tage provided by the headswitch to the

load circuit into a digital signal, wherein the

contrqller, is erative tp oyi.de a djgital, cqntyol ., .
for (16 chdgeolBeirapin iyt oh! (Amaily: VAFTeE; fitaiload sieevit is a
mgmp%eggap_l a digital target value, and wherein the

digital control nmaintains a |oad supply provided by

the headswitch to the load circuit at a sel ected

voltage. 1 The, el ect.r oni i.rcuit,of .clai 3, .. . .
wher ol ¢ ndngiegepgrc gl ot et nprest PR Raitaropis is a digial
3iphbeptecadsdif erent voltages for the |oad supply.15. The

el ectronic circuit of claim13, wherein the charge

punp includes a plurality of stages, and wherein the

digit co I : d .of L l. i

of st ages. b epfEAE 2y BRERE, itfeidmd REARAHIRY bnemory
whi#rein the load circuit is a mcroprocessor. 17. The

el ectronic circuit of claim1, wherein the | oad

circuit is a digital signal processor. 18. The

el ect RoNi C TRk lefddtrbni@fciehRioNclaim ™) 85 1%ir8n the 1d488Grcuit is an analog
circuit is a nenory unit. 19. The electronic circuit

ofrcwif.ai m 1, wherein the load circuit is an anal og
circuit.: 20. An integrated circuit conprising: a |oad
circuit conprised of at |east one field effect

t ransipgt or ApFifbpra@@diit caM@rigniteadsw t ch conpri sed of
at | east one N-channel FET (N FET) device and coupl ed

bet we @hoad gitsii compyigadyol ahlgastieae gkl tect Eaisistor (RBF pdayice; and

the hﬁ%ﬁﬁé&iﬁﬂ J:o%nprised of at least one N-channel FET (N-FET) device and
coupled between a power supply and the load circuit, wherein the headswitch is
operative to couple the power supply to the load circuit when the headswitch is enabled

and to cut off the power supply from the load circuit when the headswitch is disabled.

21.  The integrated circuit of claim 20, further comprising:
a charge pump coupled to the headswitch and operative to provide a control

signal for the headswitch.

22.  The integrated circuit of claim 20, wherein the load circuit implements a

MIiCroprocessor.

23.  The integrated circuit of claim 20, wherein the load circuit implements a

static random access memory (SRAM).



operative to couple the power supply to the | oad
circuit when the headswitch is enabled and to cut off

wo b@spasser supply fromthe load circuit when tPEI/US2004/021529

headswitch is disabled. 21. The integrated circuit of

claim 20, further conprising: a charge punp coupled to

the headswitch and operative to provide a control

S% gnaR4f o;g‘hb %h@"&ﬁd\ﬁrﬁﬁh Iof é’lgi.m Z@L@Vlildﬂéi_ﬁghtlakﬁd cirtui€ ithplements a
of .cl ai m 20, erein the load circuit inplenents a
ﬁligﬁaLi}S‘b"éQE@B?SPrﬂ%sP)The integrated circuit of claim

20, wherein the load circuit inplenents a static

random access nenory (SRAM.24. The integrated circuit

of cl @6m 20he witegraied citoeit b eldine 20 caridt fabripdtethrwith 2 @wmplementary
di gi.tal. signal .proc (DSP). 25. The integrated

ard e SpRonafi TS walpilisiald- \n Hin op smaler

conpl ementary netal oxide sem conductor (CMOS)

technol ogy of 0.13 mmor snaller. 26. A device in a

comu@bcat Aodevioesh e vpmonmnation syytens coomdsings Cui t
(e 2400 e b d el aT it one SE LB e R Bhdgvice; and
one Naciradi@tchFeoniriNed BF) at d8Mt GRe AMLh &P !Fﬁ?‘h g@-@mﬁe Hefice and

power sug’%l y and the load circuit, wherein th
eurledubeateeh sa powentsiprly t andc theploed t dissuoweheraimghé yheadswitch is

. ' ' e . headswi t.ch.i s enabl ed, and to
bl PP b E bS HLLFd Pu BB R bt
tahétohaa dffwhd pdwirsupiply divnethe 1ead. cirbig wiRM itlecchaafisveitohl ifdisabled.
26, further conprising: a charge punp coupled to the

headswi tch and operative to provide a control signal

for the heggsuilichor 28m o) anfiRY b &Jm%' al m 26,
wherel n the comuni cation system R4 % ode di vi sion
mul ti plohaeqessp G te drenhwaldewitdhomds ypdretive to provide a control

signal for the headswitch.

28.  The device of claim 26, wherein the communication system is a code

division multiple access (CDMA) communication system.



