WD 01/ 99265 DUAL DRI VE BUCK REGULATOR 2 1 DEC 2004 PCT/ USOL/178-t0 Field of
the Invention This invention is generally related to swi tching gﬁf@uﬁﬁ&ed
power supplies, 5 and nore particularly to step down regul a ot LE

Backgr oMPd1/9Rsgul at ed power supplies are essential to amectelagi@m C system
because they maintain a constant output voltage or current for changes in
the input line. 10 voltage, output |oad, anbient tenperature, or tine.

Swi tching, step down rBJIARDRIVEBECKIeEGULdroner |inear regulators in
many i nstances, because of their greater power efficiency in converting a
| arge input voltage into a significantly smaller output voltage, and
becauserRiid bhaild In/Rtibgr size. These regulators, also referred to here as
"buck" regulators, operate under closed |loop control to 15 alternately

i ncrease andildetreasiontihgereualiyartatddito savitdhaay eagylatell ppexekapphey)dred kHz or
hi gher) in an inducﬁor of a lowpass filter, to maintain a ripple-free,

regul at ¥ M8Ee Barsaiariotorsigredow sseagts at ors are particularly desirable in
portable, battery operated conputing and conmuni cation devices such as high
per f or mance not ebook conputers which require small size as well as high
power ZBadamwmerdi on efficiency in a voltage regul ator. These devi ces may

require a re u#at d output voltage of /1.6 Volts DC (to run the logic

conputing ciYéHaF PO?’GEF\“%%H&FHE‘?%6?@%%%‘5%16?50@?@fﬁt%bﬁmﬁ line voltage
t hat - cafey Alafntath 4 Bondi Akt volta gd onlrtehe fs chEifed MANELOL, GG ent 11 2
I g a o o

buck regul ator 1s control by oPeratin ansi' s whi'Ch swi tches
t helG ndwdtage, dyepueioad parhbight teaipeagara) entinRSwatiipg step@é@n(t ypi cal ly at a

=positive voltage) and a | ow voltage near another supply node (typically
_Jgr oundFe8yatre 2t prgfarrcsosilingd iglp Fasg teme Ry anstenges theeause of gheis nal | er

size p i i iehbngHG . ‘ i i.n the l.aw pass filter,
maki ng %et&e?%g%ﬁ %ﬁﬁglre Qﬁ"t m?éﬁg%ﬁffﬁﬁﬁﬁ H}'g&%? etugtﬁlaeﬁ onf)u yng devi ce, yet
still achileyveugpuBoltagplaad beamsouf titr syellleagioe. TR vesulaionsheased switching

frequency can reduce,
referred to here as

buck” regulators, operate under closed loop control to

15 alternately increase and decrease the current (at a frequency of several hundred
kHz or higher) in an inductor of a low pass filter, to maintain a ripple-free,
regulated, DC output voltage. Buck regulators are particularly desirable in
portable, battery operated computing and communication devices such as high
performance notebook computers which requiré small siée as well as high power

20 conversion efficiency in a voltage regulator. These devices may require a

regulated output voltage of 1.6 Volts DC (to run the logic computing cixcuitry

) such as the core processor) from an input line voltage that can vary in the range of

5-21 Volts DC.
The inductor current in a buck regulator ils controlled by operating a

25 ftramsistor which switches the inductor between a high vblta ge near orie supply
node (typically at a positive voltage) and a low voltége near %mother supply node
(typically ground). Increasing this switching ﬁ'equengy allows the use of smaller
size passive devices (inductors and capacitors) in the low pass filter, making the
regulator fit more easily in the portable computing dévice, yet still achieve a

30 ripple-free output voltage. However, increased switching frequency can reduce

1



z, 21 DEC 2(G4 WO 01/99265 PCT/U S OI /1 7840 power conversion efficiency
because a transistor is switching nore often, and thereforezdp %}wg
nore power, in the sanme interval of tine. Reduced power conversion

ef fici evoyr/pnea regul ator is very undesirabl e, particul grdwyusm/pemt able,
battery operated devices. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The i nvention
is illustrated by way of exanple and not by way of' Ilimtation in the
figures pgfet B RACSHTPARINEG bEF AW AGRnbiGtopd &bﬁ&uhgn{cﬁt%&@ﬂ%ﬁi indicate
simlar eI ements. It should be noted that referentes to "an" enbodi ment in
this di skelrefemchsapmng)monepewsanm e saonetihtergaineg temd dtkdrent! poared t hey nean
at 10 | east .one g.1l sho acircuit dlaramof a buck requl at or

accor di F@“iebﬂ%lhdﬁé!%%%hﬁ ROf FevernyeResGRle, PrEICwardici RITE0R ¢ 1 cui t

di agr am,gt Buekg | ator according.to another enbodiment of the

i nvention e{gBEF V&g é‘ﬁ%&strat es a timng diagramof an exenplary set of
signals in the buck regulator of Fig. 2. Fig. 4 shows a block diagramof a
core processor nobile m)dul e featurl n trﬁe buck regul ator. DETAILED

DESCRI PTI O\I Accor di BRI . MINGS on, a switching

regul at or di scl.osed h w an cre in the swtchi ng

f requency vm dﬂYergmnrlagEh 5?1‘{1’?%“’68 Fx%ﬁl? ‘]ﬂi é’f"f’?’é?fgncy that woul d be
suf fer eﬁhﬁtﬂn&@ﬁﬁ/&@tﬁtg%@ of thaa&oaqgmb BwidfeindeRehilteabtetdfest upon the

power conversion efficiency be explalned by reduced power dissipation
i n t he indicatesinilpnelppients. eIt shcadé ibs noted2batusfareness te friendhectimenbet ween a
hi gh val t arI this reduction in the

t
—~swi t chi'f ﬁggiéssc qsgl%%&eé]oxgﬁcﬁg‘?rﬁé’lybh?e Bt e Iﬁué’i%e& Y Y transi stors
wtoup) edeésmoa@_r allel between a first suppl y nhode and

Fig. 1 shows a circuit diagram of a buck regulator according to an
embodiment of the invention.
Fig. 2 depicts a circuit diagram of the buck regulator according to another
embodiment of the invention.
15 Fig. 3 illustrates a timing diagram of an exemplary set of signals in the
buck regulator of Fig. 2.
Fig. 4 shows a block diagram of a core processor mobile module featuring

the buck regulator.

D) S DETAILED DESCRIPTION

20 According to an embodiment of the invention, a switching regulator is
disclosed which may allow an increase in the switching frequency without a
reduction in power conversion efficiency that would be suffered in conventional
buck regulators. The beneficial effect upon the power conversion effiéiency may
be explained by reduced power dissipation in the interval in which a transistor

25  switches the inductor between a high voltage and a low voltage. More
particularly, this reduction in the switching loss is obtained using a regulator
design having two transistors coupled in parallel between a first supply node and

a first output node. The first transistor is smaller than the second transistor, such
2



a.first output node. The first transistor is smaller than tgacm%fc[ggﬂ

transi stor, such 2 21 DEC 2004 WO 01/99265 PCTI USO1/ 1784{) glf t han
the larger transistor 116, e.g. 5-6 nanoseconds versus 20-25 nanoseconds.
A smal MNP 01493A%i st or general ly has a | arger on-resistaneeTtusavizol ar ger
transi stor, such that for the same anount of current through both
transistors, there is higher power dissipation in the smaller transistor. 5
A dri vemushdgserithen ithe largeplhedisistordi b \eeg. Senaentdookls ekgas rodss, in this case

the gate elect oé{es, ]%% the two trapsistors to sequentially (1) switch on
the firSFUOSPCUNS; &y Yralesrangisior grreraty bas ¢ fre eecvbrsistagadhan dr 116, (3)
swi t ch gffe iheis887000 R thi@Bs! 3 i.tch off the first
transisto e1104.5 Such g%etgggﬁ%tesggf om%urﬁ{bgégré% fa%éeuggl[b% fe first out put

node 1li2ansistors, thereis|higlsanipioaree difsipimon i Ghd Snilh thdsieioher rel atively | ow
vol tage) to essentially Vdc prior to turning on the larger transistor 116.
The I ar ger t4 SFEPGTAge 13948 eovrled do deke the qontipheleetradespistthisl dasothet he

current fi . NQ! he,first output node 112 to be
st eer ec?aft% %%%‘gkﬁesf lt)gtgfetré’ ?a e?S@gg%gﬁ%%g}@#é’I @HWF‘?}P e Hﬁ%‘ﬁéi stor 104. To

provi deramsitdisioan(2) swityh on B @cbn eralistep 1698 stbitch FedRRdcRIt put node 15
128, an inductor-ca({l)aci tor ( | ow pass filter 132 is coupl ed between the

( LO) | .
first EARSHRT HoRnd @) syiah effithe firstransisios 104 pshya seqdencesdlosrs a second

supply hat, al t.hou a single LC pair is
shown 13?9?%%’@' ct)vt\}(l éggfssgmgﬁ%gl g?& H%I% iﬁenélﬁgéllgrsévlltcge‘gﬁﬂgl(?Xﬂg%(%& | ow pass
fi iDer odesirghsivelfdbudioliggeltotessiirtialle vVdeairicy toBymbe; ssak 1ggRendi ng on the
nount of ripple that may be tolerated at the 20 out put node 128, the

“lwitch tisgsetarddente brgefeansistor preg wgeedoon, illsausarlmoskall etbent  of space

u'availa ol . ' I l.ed.bet ween t he,secqnd, supply node 136
and thglll ?F?ﬁ?g%‘ﬁ{ﬁgf}%&%%élﬁ‘i‘%% ﬁ%ﬁgmcﬁ %régomﬁ’é’\sgﬂgglf’*ﬁg erf&?fé?‘@r current

1. i ri dilebuphetstiovathasthahithd Shall@Giks @anssdtopiang abruptly when both the

first and second transistors 104 and 116 have been turned off. 25 To help

reduce powefo pertddnapsubiiantinlyndppledreeREvelingd at adecetr ohputnpdect or current
Li i I | d 36, third t I st
145 2 S AR E SRl e AR R B dodii Fptaten B Bidfcen e o ©

output node 112 and either the first supply node 108 or a second supply node 136

(here, ground). Note that although a single LC pair is shown for the low pass
filter 132, in general a wide range of low pass filter designs including multiple LC
pairs may be used depending on the amount of ripple that may be tolerated at the

20  outputnode 128, the switching-‘frequency of the driver stage outputs, and the

L amount of space available. A diode 138 is also coupled between the second

) supply node 136 and the first output node 112. This diode prevents the inductor
current Iind of the low pass filter 136 from stopping abruptly when both the first
and second transistors 104 and 116 have been turned off.

25 To help reduce power consumption during the interval in which the
inductor current [ind is being sourced from the second supply node 136, a third
transistor 142 may be coupled as shown in the embodiment of Fig. 2, between the
second supply node 136 and the first output node 112. Use of such a transistor
(which may include a parasitic body diode as shown) helps reduce power

30  dissipation as compared to using just the diode 138 in the embodiment of Fig. 1,
4



second supply node 136 and the first output node 112 Use of such a
transistor (which may include a parasitic body di ode as shb\ﬁm]JEthZDBlf
reduce power 30 dissipation as conpared to :using just the diode 138 in the
enbodi nev1eP26Fig. 1, 4 2 1 DEC 2004 WO 01/)92(,5 PCT/ US&@iubo1/844h t hat the
first transistor can switch faster than the second transistor. A driver
stage is coupled to control the first and second transistors,

sequent ithht the Gtst tS:‘Wsis@ch‘l dag swatthtthgef thas thetseedil Shudistof. 20\ &Met @i&g@g on the
second transistor, switching off the second transistor,

swi t chi Agycrled ?’Pecoﬂ ﬂlQWﬁéP%F%FP“dlhﬁnﬂﬁﬁ%sf#ﬁﬁﬁ@#enttaﬁﬁ ® sg\f,ﬁql*ezhg ng | 0ss
due to f se t he

i nduct O%ﬁ%?g&} rea(ki'ggtc%2 z%?%h rs %?ut%% nSlS Otla(ggsv\‘/’\b‘(éjhm 5rger

transi skedoridtrartwitd:c Aad (Qrs“a&@ufgeémﬂﬁsugttnéﬂsgt&l T8 this WRdinér, rtﬁele vol t age
when the larger transistor is switched off. In contrast, with, the

conveént syighingdess Chég*@l the switchiagiog the latger Singjstor id redgeed, bamsisstior nmust

switch from one e vol t 0 a

ol a1 v SRR IE A BHRL BE e P B e dolPet Wt e fae o ige

transi sgmaﬁhedmu&nd BYmbipks B8 tife SR PYly ndBSY Rfags Wil dardgbANSi stor to

rai se/l ower the inductor voltage béf ore/ afte|g switching~on/off the |arger

transi strgnsiﬁiedm@tclteu@févﬁm@htrng witbghé eprivientiensd biueh réegidami t i on of t he
| ar ger tranS| tor he | r transjstor has been.turned on, the
| et of e B tingle fgs ranesEr SR i PR BTN e e PR G VBERCS and may
I Nncli@asgmothyr d’ﬁﬁﬂ%gné%feiattﬁ%y w{grsw@c@rmﬁmﬁa@m i€4ssbABtedA @R farkEANSI St Or as
=-conpared to the I 1'er trdnsiStor ereby preventing increaSed power
i ssi pataosisiois dugis, bnesisgrl doller Haghewitdhngstrandstor ta wis)/ivoer. Fig. |

‘shows a.circuit diagramof ,a buck regul a 2 according to an 20
enbodi nECGHCtPHECl PT5A2LR St 'b}\la?{‘éﬁ?ff@ef FaREFer Brurgy (in this

case a Mesm@ Ioﬁélﬂﬁtﬂﬁ%ﬁ?ﬁhg%&nﬁﬁbﬁhmeQM PoaRfiksenductor field effect
transi stor is couplfFed between a first supply node 108 and a
first out putOmmtcthe leﬂ;’gﬁrtrmstphheslymnttmﬂm, ﬁmirrﬁhe:orthseﬁﬁwﬂlbtsuppl y node
108,is at a SItV \iolt age . vdc,whi ch may.vary ov relatively w de

r ang Ssﬁ%q{e% gug ‘-6’5 grger Qeyice and may increase, by virtue o "thé lower on-

resistance of the larger transistor as compared to the smaller transistor, thereby

preventing increased power dissipation through the smaller, higher resistance
fransistor.
Fig. 1 shows a circuit diagram of a buck regulator 102 according to an
20 embodiment of the invention. A smaller switching transistor 104 (in this case a N-
channel enhancement mode metal oxide semiconductor field effect transistor
{(MOSFET)) is coupled between a first supply node 108 and a first output node
112. For this particular example, the first supply node 108 is at a positive voltage
Vdc which may. vary over a relatively wide range such as 5-21 volts. A second .
25  transistor 116 (in this case also an N-channel MOSFET) is coupled in parallel with
the first transistor 104. Note that the first transistor 104 has smaller dimensions .
than the second transistor 116 such that the transistor 104 can switch the same
voltage across its drain-source terminals faster than the second transistor. For
instance, when switching the first output node 112 from 0 volts to Vdc, the

30  smaller transistor 104 is able to increase the voltage at the first output node 112
3



25 transistor 116 (in this case also an N-channel MOSFET) is fﬁm&tﬁd é}ﬂt
parallel with the first transistor 104. Note that the first a £ 104
has smal |l er dinmensions . than the second transistor 116 such that the
transi 3%@P1/L0EE can switch the sanme voltage across its BEHUAYEDEHTEe
termnals faster than the second transistor. For instance, when sw tching
the first output node 112 fromO volts to Vdc, the 30 smaller transistor
104 is bblaest of thadswasentdiestatek bge tahsishe 10D kel iBYidssnadgng 12 3 21 DEC
2004 WO 01199265 P CT/US O I /178- 13% because of the [ower on-resistance of
t he traﬁ%ﬂféﬁt@ﬁs@ézsﬁﬁ@m@ tp4he dpda Wi Vhag opetasing shethist framsister conpared to

the dio 8 the thir i stor river stage
120 is ?‘ﬁrgiﬁ dn‘)c/%%P E’%El?@ Y Biff‘ﬁ&[‘at P Ew(ﬁgﬁ"%&" the third
transi sﬂ@rﬂﬂé&ab@fsqu@%fo@@m b ehel firsBlrakdiABS 1 4 Q' thd Qéeopls the second 5
transistor 116, and %e switch on the third transistor 142 after swtching

of f Eheharnsifrtgxtllénan@ omdtchonrbe ﬁm@awtmwmfsmsmmmggm@hm rst and
second The .C e at or .enbodi nent s descri bed
above rrfgv fﬁfgﬁdiﬁaﬁ’éfsgfﬁéto AO5h %é‘ﬁ%’? B%E‘i@'?of‘@é’ﬁlwﬁ StPREntrol I er 124
coupl edhddest he driver stage 10 120 to regulate the DC voltage at the second

out put node 128 based on a feedback signal received at FDBCK, so that the
regul at ed vaﬂleagétcélingtﬁgubé@rm@baﬁdmpm desddbed Bb®ve saayrfakther i n nmagni t ude

than the_valt _the first | at b
achi evebebe 8ay AL valis erebGs ortofes Rfran el po e Hictir e ( Py
si gl 12b td P@gume%@ wvm§e At ﬂh@geuo%%rﬁgmcmlm%séwo#éfée%séwctI ng the

==(driver stage to turn on and turn off se) the transistors to thereby
L. NCr easegror refeived s ETBES @gmaémmiegulah@i volthge ind theofecodnbotipwt pade filter 132

“to achieye the. d d t ih 128, T of ]
1o A B B e R R etPgVﬂ g6, 9T} Qe g SPRUS oSO U difivve in Fig 2
Wil 1 beefdihtidiemay 'Helal&ié'v@ﬂ%g erarﬁ@%@%u@@%\guwa ~big. timng di agram of

Fig. 3. 20 Turnihg now to t tlmng di agr am of , what is shown are
wav ef ommadulitgd (Pﬁ@/lb aﬂgh@kmtm@e @ngp\stwltmhtregdlh@s tlumvcpltage(b@()) transi stor

cont.rol. pul se sjgnals T first,out voItaeV112 i nduct or
cu a% e m‘“%lﬁﬁf‘g 3%% HPS&H“E%FI— troihfn on and turn%'i!ft (pu.?se?the trans tors to

thereby increase or decrease the current in the inductor of the low pass filter 132

to achieve the desired voltage at the node 128. The sequence of 0peratic;ns for
turning on and turning off the transistors described above in Fig. 2 will be further
iltustrated below in connection with the timing diagram of Fig. 3.

20 Tuming now to the timing diagram of Fig. 3, what is shown are waveforms
for the following signals: controller output (CO), transistor control pulse signals
T1-T3, first output node voltage V112, inductor current lind, and load current
lload. These signals may be obtained at the circuit locations indicated in Fig. 2.
The CO signal is a sequence of pulses generated by the controller 124 and

25 provided to the driver stage 120. In response to ea@ CO pulse, the driver stage
120 deasserts the third pulse signal T3 such that the transistor 142 is turned off,
Thereafter, transistors 104 and 116 are turned on in that order, by asserting the
first and second pulse signals T1 and T2. The effect on the first output node
voltage V112 may be described as shown in Fig. 3, where, when the third pulse

- 30 signal T3 is deasserted, V112 drops from its drain to source unsaturated voltage
5



| oad. These signals nay be obtained at the circuit locations indicated in
Fig. 2. The CO signal is a sequence of pul ses generated by th((?ﬁ(é%firroph[ﬂ_r
124 and 25 provided to the driver stage 120. In response to ea pufse,
t he driwemnysiege 120 deasserts the third pul se signal Ppereuhitdyat the

transistor 142 is turned off. Thereafter, transistors 104 and 116 are

turned on in that order, by asserting the first and second pul se signals
Ti and Vs (dtyeyef Jigsk QBdd H8itdder et t Vil be
descri bed fgbs own ign Fig. 3, gm%%%%meéh“?ﬁgee\tjﬁgrag Cg%?%%"’b‘% tg%%a| T3 is
deasser VeliRgevirep agrasp thef pasitic body diode b6 trromaistorB@tshoatred Meld age 5 2 |

. DEC 2004, .W. 9265 ACT/US1),1./1784{) Vds (on) by a single diode voltage

drop Vd#lgaieé,h?vﬁﬁ?zn ﬁ?ﬁg‘égﬁré@ﬁ@éd?h{ed”b%"he\ﬁ) g igesspriedrioss t he

par asi t bdwkedlhediAdewdbnt H i AR FLg, 2. imlarly,

V112 rises back to i {Ngl %I?qfo%@%ﬁg{dﬁgﬁrt%%s&ﬁ%gﬁq@ Pé’i%eerted. I n

bet vﬁeenﬂgmﬂéSﬂMTWremaéﬁartieésetgmmﬁeﬂy;edemdrtaﬁg&ffmqﬁodt@@;Ii rst and second

pul se SI%j EQ{&}I s Tl and _'I'Z%are asserted se(1uenti all'y, the asserting of Ti
SSAVEY

pr oduc FigerBrirapeingbliZnpreterablyity aypltage 2y dessrastpopsible ta thall t age as

cl ose as tRogsk bk . LESt ode ;108 é e dc, a

posi tive val ue) ﬁfl)lﬁ/q‘n(g;qtgg (gégﬁé%béﬁ%‘{éy@ﬁ@elp??yr%)g 4B %giﬁ le effect on

V112 wHbereT2no sppuduidipieffddt pnadse miled T2 Thsubsegeaitly 48e:06d TPhd S expected to

steer the i.ndugté)r current fromthe smaller transistor 10 104 into the

| ar ger PIARY &k of Is1eppested g sleentheppdustercugrang fiom thepmerdles érapsistor t hr ough

t heyol angetnth B RESd i s DO, rrant . W thout affecting V112.

=-The effect of pu@l ng ¢ eO{irlgnalgi st oatrsgjrrfe)l‘gjld ggg}vf?{)gﬁp%cga&;gpa t he inductor

s« Ur r entthufoughl theslaspevtmansistét Hr tik ingdudtot yipeet withoangamnoShape having an
average Vv e represented by |l oad, a DC value. Note that End decreases

while Ti aﬁJEH feCIS’?Pém&tmgmréaﬁ dessribpdabewsesthesndudnras Ti i s

rehf iR s nasLesl, RACTY i f. Ti and T2 in thi
e e R R e B B AP Nind o dREradf (1 nl e

manner does not substanti

conpar gdlue gemresonee byilad) a D&vdlas.oNottakhBlind\édiBakes wHIR TSINRId T4 r ansi st or
beﬁguse thedreate of, increase of Lind [s. proportional to the inductance
va

e EERRRICERSPERE: TR BSTETET 2 0P £7 XL asreniesht 1t Ay bespested) and 20 V112
whi ch, #as Mq@&%BQFﬁQnQ%m%gr 026 sggﬁgn@a% &%gé gatially

rate of increase of lind as compared to a conventional regulator design without

the small transistor, because the rate of increase of lind is proportional to the

inductance value L (which remains essentially fixed in most applications) and
20 V112 which, as may be expected and mentioned above, does not substantially

change during the interval in which T1 is asserted and T2 is pulsed.

The sequence described above, beginning with CO being asserted and
ending with T3 being asserted, is repeated according to a frequency determined
by the controller 124 so that a voltage at the second output node 125 of the low

25  pass filter 132 (see Fig. 2) is regulated to a predetermined, substantially ripple-free
DC value which is smaller in magnitude than an urregulated voltage of the first
supply node 108 (when referenced to the second supply node 136). For the
particular embodiment of the invention whose waveforms are illustrated in Fig. 3,

CO may be characterized as a pulse-with-modulated (PWM) signal whose pulse



change during the interval in which Tl is asserted and T2 is pul sed. The
sequence described above, beginning with CO being asserted apg D‘EgldiZE@&‘Mth
T3 being asserted, is repeated according to a frequency determ ne y the
controlWer1p2%sso that a voltage at the second out put nade/d@$10840t he | ow
25 pass filter 132 (see Fig. 2) is regulated to a predeterm ned,
substantially ripple-free DC value which is smaller in nmagnitude than an
unr egul atideh isahbaglataf intrgpdnist &f the Serpiphak s1864 :4Q8vdaviane relerenced to the
second supply node 136). For the particular enbodi nrent of the invention
whose waNISHsH e gondrolier je4 (sse Eg #h Fig. 3, CO may be characterized as a

pul se--wit h- I (F .| gha ose pul se 6 DEC .2004 \WD 01/ 99265
DT sl 170 AisBbRR aBidiaizaathe P Bressr PO S A ferteg gnal
recei vethextoltdye rEfRGkor 10RPThe Kbl ot 40013k 8 prikddd 886 bbdtd 2)- Fig. 4
shows a bl ock diagram of a core processor nobile nodul e featuring the

vol t dgeassegiilnthat coprinstthe valitge regwlothul162 2ddch receivps amirguit woltagey board 5

assenbl C ai ns.,t vol t age, requl ator 102 which recejves an input

vol tage}h %%%ﬂ%eoﬁgﬁf @5 Ji‘.)gﬁ/?}%tic afil\gi ?fgﬁi’(ﬂnfgpﬁ%‘” WTW%@-‘%W@ &provi des a
regul at fee d¢ pedleSsorfcoeEvElEagPbOTESBAE of RESaMUdeAn8. Of prhc&si¥Phdes or |ess at
node 128. A processor 404 which includes a processor core, such as a

Cel er on'Fhidbrinalides 8 @agenssortspre, pral as aCoglpron™ bramdopriodesdooby tttel nodul e 402.

The hig integr.at ed bi | | .10Q.6Qnt ai ns_a, prpcessar . system bus

( PSB) V\ﬁéﬁll)%ﬁ“l' Igpf%v\ﬁg e?ﬁ’éﬂg? &Ogél gﬁg@ét ﬁheg‘bé%ﬁﬁ H%ﬁ%‘?&e%\i%f’ﬁﬁ%"l?%i“&ge chip set

40810 Thed>ritdinglg HrétisBosSiteADBud (PSBYWAKhRlIoRE the PesRbsos iponent s i nt er connect
,,,,, PCl) bridge as well as a host bridge. The bridge chip set 408

ek OMMIUNi CRBENigatehwithA bradgerdiip seidBS.nbhe brdgedhipebl 408 indddés  t hr ough a

board-to-bgard connector. 410 t hat vigdes connectjons to nory 15 bus,

a PCl e %éaﬁ% Cé’ﬁf?a%ﬁ%‘%e‘f‘%?tr%odm S&a%jﬁ’#)c sm?ﬁ?rals V(ei&%a iﬁ‘ﬂ% %ﬁﬁlgﬁ‘h 7 ovi des a

dedi catiggigelingh seR@BEoRGhinitAEs WiE JWIESBRL aff ndtrdfie RAASK S GHuIgr aphi cs

data. The nobile nodule 402 also features an active thermal feedback (ATF)

sensor thuoughshbedrdpiodutadd somftegiar 410 thas pretidenednnsetiorisiig 2 tRemery managenent

| S 153CGRUIPL bERBY Vi & SYBLERIBABARTB L Rk GRRMRn BRI 1Y Ouah the
dedicated, high speed port for the movement of large blocks of graphics data.

The mobile module 402 also features an active thermal feedback (ATF) sensor 412
whiach provides digital-type thermal sensing. Power management is
accomplished via a system management bus (SMBus) path through the connector
20 410, for managing the power consumption of the module 402. Finally, a sideband

bus 414 is provided as an additional conduit for address and commands between

-,) the processor 404 and devices connected to the PCI bus that are not on the mobile
module 402. It may be expected that such a mobile module 402 would dissipate
approxamately 15 watts of power which the voltage regulator 102 would be

25 designed to provide.

To summarize, a step down voltage regulator is disclosed which uses a
pair of transistors that are switched on sequentially and repeatedly, to regulate
the output voltage. The two transistors are connected in para]iel. The first
transistor 1s smaller than the second transistor so that the first transistor can

30  switch faster than the second transistor. Power dissipation is reduced during the
7



20 410, for managing the power consunption of the nodule 40Z. @\alzﬂﬁ
sideband bus 414 is provided as an additional conduit for ﬁ
commands between the processor 404 and devices connected to the PCl bus

t hat aMéOROPY26h the nobile nodule 402. It may be expectred/ddaafizsgych a
nobi | e nodul e 402 woul d di ssipate approximately 15 watts of power which
the voltage regulator 102 woul d be 25 designed to provide. To sumari ze, a
step dowwitRinas@rv A9y ﬂbpgwit&lﬂg sied 1a5Rd SW&W%Q%@WHPM dffinl ransistors
that are switched on sequentially and repeat edly, to regulate the out put
vol t agesotise voliege rasriees rothscedrte esgnhedlyt zedo.| Pinpathelskaind fFiwesidtor Bt

t th d t that the first
L1 ansi o155t e Bon ot P B Aeh BB CEF S At GrorS B

di ssi pagd ahtbeweediis ugﬂ&mgomﬁx éa BuREHeOh M0 ﬁ;’i JUSo 1/17841)
swi t chi ng m?erva | s not sw tchlcng t he™ | ar ger (s{ﬂlﬁ\/\g {%?Pge%éstor unt i |
its &r aWMuzrmiameI}tla@ drasuied putptrusent is besggnbialetibyzbeo. Since the
second tranal stor is larger, the second transistor provides a |ower

i npedanteEOPASATERETf i rst transistor so that power dissipation is also
reduced dur i Agnt ReeRARE SPLLGDINM, bidRyditoR B kel HAKBLE g, T el Al vel y

| ar ge anmount of out put c rrent is being provi y t second transistor.
I.n t he federega togps@éic ekermnplairp abbHameéms tetdofinitiveill, heeevaeseetibiedt Wi t h
reference to specifjc exenplary enbodi pents thereof, It will, however, be
evi dent&af H"‘a’fm@a’f‘P%@“WEﬁ ?‘T‘g%h@&ﬁ%méﬁ oS %re\“?avltﬁ%uh#d@r‘f’ﬂér eto without
depgy t i AgmUfle bfQifet Qﬁ:i@%ﬁ&@@é é&tﬁbin@n@oﬁw&@f&&ﬁhm ap ER4LPN as set
=forth in the appended cl ai e, The specification and dr ngs are,

Bccor dICﬂlig-h}B Tﬂm specmeagmrdmﬂ drandngs aie] acsordingly gorbetrbgardetiaman restrictive

sense. C.2004 What is.clained is: 1. A switching regul ator
conpri Hatratwe rather an a restrictive sense.



a first transistor coupled between a first supply node and a first out put
node; a second transistor coupled in parallel with the first transistor,
the first transistor being smaller than the second transistdr); D&fd2804
driver stage coupled to the first and second transistors to sequentially
(1) switch on the first transistor, (2) switch on the second transistor,
(3) switch off the second transistor, and (4) switch off the first
tranz\jhstt.or i 26‘ The switching regulator of claim1 further conprising: a
di od&MEdR P08 Bet ween a second supply node and the first output node: and

an i O J ow pass filter coupled between the first output node
and E%ﬁ)ﬁl?ﬁﬁgﬁﬁﬁ&gﬁ "second supply nodes, to provide a substantially

ri pph frf tRSisth ol REEbMvech aTRE QU IYHEPAHd dW0€lQutp®-nodéle swi t ching regul at or of
claiml1 further conprising: a third transistor coupled between a second
supph yecondieanaiodr ¢dupied inrpataliel wiith the firsb tlsistoh divecfirst traisgstal beng smallet thagethes f urt her
coupseeohd tansibter; tid rd transistor to (1) switch off the third transistor
before switching on the first transistor, and (Z)zﬁws_vvitch on the third

t r andfrivepytageraoupledsigitiedint A %ﬁ?P“C'ttF?éS'FFPﬁsé%SGLqP%{'ﬁ@'Y witchyon t @rsicwit hi ng
regugﬁfﬁfn&lswnm&i%ﬂzﬁ FeGoAHEP STty PYICAGH I SEURE FBISS LY ipISd ReT the dri ver
st agl® "' FFEPat e the voltage at the second output node which is smaller
in magni tude than a voltage of the first supply node. 5. The sw tching
reguﬁ%ggwigjﬂnglr%hmoﬁomQim}thg,l‘&n@,@gﬂgr; oller is to feed the driver stage a
pul se-w dt h- nodul ated (PWWM signal to regulate the voltage at the second
out paltiodedaple®betvided sssscdrilsupgy nozig whathe firsodutmit abde Shdavher ei n t he driver stage
is configured to (1) switch off the third transistor in response to the
PWM & igdugtor-bapianitpr leirass fidr caupled g%\)(e@vtm Wit oyiput ede ahd ong of figdisit aidor af ter

t he feppndsiugplanodes, telpravidep sehgtantially Tpple-figg okage7h2 prrgnd at'® nede-cl ai m 1 wherein
the second transistor is sized to provide a | ower inpedance than the first

tran§!.|_%tor 8 ThEt a?rmmgf%\i{o@%ir?: of claim1l wherein the first

transis S\F'tcf‘?géeigi'eé?woé SW han the second transistor. 9. A

SW t SR BlarsRE ERIpRH bEVERN & Sd3Rd sUpbly FbdeSaatt FirstBaPs: doBs, whelefGhd MRbY
pr ovitgeNdiupthdrichidied toWeitiiaaAANSE: 158l Bwikd om@RMniR tfankistbr epPswitchiaglen and  a
f i r sthe gt tpinkiston Ay (29svdith DicfGe20f4ransistor after switching off the first transistor.

4. The switching regulator of claim 2 further comprising:
a controller coupled to the driver stage to regulate the voltage at the second output node which is

smaller in magnitude than a voltage of the first supply node.

5. The switching regulator of claim 4 wherein the controller is to feed the driver stage a pulse-width-
modulated (PWM) signal to regulate the voltage at the second output node.

8. The switching regulator of claim 3 wherein the driver stage is configured to (1) switch off the third
transistor in response to the PWM signal being asserted, and (2) switch on the third transistor after
the PWM signal is deasserted.

7. The switching regulator of claim 1 wherein the second transistor is sized to provide a lower
impedance than the first transistor.

8. The switching regulator of claim 1 wherein the first transistor is sized to switch faster than the
second transistor.
9. A switching regulator comprising:

first switch means for selectively providing a first low impedance path between a first supply node and
a first output node;



second switch neans for selectively providing a second | ow i npedance path
in parallel with the first path, the second path having a |ower inpedance
than the first path; and means for driving the first and se 12

means to sequentially (1) open the first path, (2) open §e@§rﬁfd @ﬂlh
(3) block the second path, and (4) block the first path. 10 The sw t ching
regul ator of claim9 further conprising: a diode coupled between a second
supply node and the first output node; and an inductor-capacitor |ow pass
filter coupled between the first output node and one of the first and
secoBrebosdIP@ick nmratasr, selettivply Providing a ssedns taantpadahge paittpiplperafiel eith theffitshge at a
secopathah gsondytiehavibg a iohleeinpeaganchihag thedptpatit:end of cl aim 9 furt her
conprising: third switch neans for selectively providing a third | ow

i mpe thearsorstiving thefitgbens saoand switd r@ﬁ?g@t osequpiraly Hh @peribe filstRath, A PRR node; and
meandersgeond path; (Akpleckahersicond path 3niHiesh e PAY- bl ock the third path before
opening the first path and (2) open the third path after bl ocking the

fi rsé"%ﬁ‘ﬂ'&ﬁ%‘%ﬁgﬁ r?r c%%pgﬂjgthgrec%}%lhﬁéi r of claim10 further conprising:

mean rrving S to regulate the voltage at the

Seco@@m@é’&r{wredB&@@eﬁ’@é&gnds%pp@ﬁ@delaﬁﬂ tHe'?ré?@tﬂﬁUtBH@iﬁaﬁd"an a voltage of the

first supply node . The switching regul ator of claim 12 wherein the

cont eRinkigtor¥BRHRor icesiss fileecalibiey @&twaBaNS firat qutfustode\ahd bife oftréufra el ( PWHY)

Si gnadcohdsupply nbddscto preide alstiztpmtially rippiefrecatiagk a atspednd notget.nodel. The swi t chi ng

regul ator of claim 13 wherein the driving neans (1) blocks the third path
response to the PWM signal being asserted, and (2) opens the third path

aftel’”tTEES‘I“W\H"Sf‘t}H'&F’rPfscia'rﬂlgég@éfr@@a”s‘% A met hod conprising: (a) asserting

bet ?(? %%in%ﬁ 'out ;;S;nyﬁgqﬁ’g i Lgkhlroq'fw??rﬁs;{e anc gatth% eﬁ&,sé 3?@%5@2&?;) coupl ed

asserting a a8 signal to a control electrode of a second

tr anfesd<Qbr aniﬁé thb%u@%ﬂl@ih&ﬂednglto @RIGtk kiR thikd gakh Befie bpdniilg the fstphteiam, t he

first2) bpeind Blrdpathefdn Glosiirmy thefirstigatn t he second transistor; and then (c)
deasserting the second pul se signal; and then (d) deassertl ng the first
pul se signal; and then (e) repeating (a)-(d) to regulate a voltage at an
out pd2. Th@a@tcbmgmuwef@!a@v3%53%09@?"?4"19\/\/ pass filter that is coupled to

he fir 1 o
the meansstforoclégtpotilhng theddnvmg roneans to regulate the voltage at the second output node which is

smaller in magnitude than a voltage of the first supply node.

13. The switching regulator of claim 12 wherein the controller means feeds the driver means a pulse-
width-modulated (PWM) signal to regulate the voltage at the second output node.

14. The switching regulator of claim 13 wherein the driving means (1) blocks the third path in
response to the PWM signal being asserted, and (2) opens the third path after the PWM signal is
deasserted.

15. A method comprising:

(a) asserting a first pulse signal to a control electrode of a first transistor coupled between a first
supply node and a first output node; and then

(b) asserting a second pulse signal to a control electrode of a second transistor that is coupled in
parallel with the first transistor, the first transistor being smaller than the second transistor; and-then

(c) deasserting the second pulse signal; and then
(d) deasserting the first pulse signal; and then

(e) repeating (a)-(d) to regulate a voltage at an output node of an inductor-capacitor low pass filter that
is coupled to the first output node.

10



2 1 DEG 2004 16. The nethod of claim 15 further conprising: deasserting a
third pul se signal to a control electrode of a third transistor coupled
between a second supply node and the first output node, befo Sﬁzi ng
the first pulse signal; and asserting the third pul se si gnali ‘Le[l@f 0
deasserting the first puI se signal. 17. The nethod of claim 15 wherein the
second pul se signal is asserted in response to sensing that a voltage of
the first output node has reached a |l evel close to a voltage of the first
suppigy TOE&hodld claifn tefitee comymlishg conpri sing: a printed wiring board having
a board-to-board connector; a processor assenbly containing a processor
cor edenssbrting @it dulse sigivabtotsowenie! e&ctmdp Gﬁh%ﬁfﬁiﬁ@@f CO(':‘B'G petyesrta ?eﬁg Adyr ocessor
assefrmplynwaadWsﬂtSémltblﬁﬁ*o%ﬁnHef?fSaﬁ??g'”B fieet pysatb 8"t onnect or t hrough a

plurality of buses; and a vyolt t or. ving a first supply node
coupissertingshe toird pyjss %‘H‘a“"ﬁ‘ﬁd aﬁ??@ameifsxaﬁa%s'%ﬁ age from a terninal in the
boar d-t o-board connector and an output to provide a regul ated dc processor

Cor :}7 Yol g, 9&1 of Qﬁ‘n [ AL RE DY Plsesidnial i hssbRaNS eshétse (stpbiagitnart ween t he

01591&6? R R6kehak tdasheddbitbéloseNO8 Goltage SraROmSt slpnsddst or coupl ed in
para I| W|th t e flrst transistor, the first transistor being smaller

than the second transistor, and a dr| ver stage coupled to the first and
secom;lAtrrroauerhsdmy@ntpﬂsingsequenti ally (1) switch on the first transistor, (2)
switch on the second transistor, (3) switch off the second transistor, and
(4) smintegiwiirigfboard daYing Zboard-terbepricennecty  The nobil e nodul e of claim 18

further conprising a thermal feedbac sen HDH%E d to the board to
pr ov# Ef@cﬁﬁ‘{jlaf%ﬁmbfyff@Ptﬁ'BH“QQé’%Pﬁ?ﬁr‘&?f'e? 'e and bei ng

conmuni &aly vel 9—9@1& PR JAFd-toBBard The nobi | e
rmdu dﬁ&f r%fgﬁ"t&?%rgt%&ogﬁogesswﬁs I Si n%% S{,ég’g{‘,’gﬁd bus to provide address and
command conmu ti o bet ween the processor assenbly and the board-to-board
connggditage rédulatdiRviip R filsesuppig bde wiipled lireel8 aminputanregtibied dolaltageefranegul at or

f ur t Aermihd a7 thel Bsardrtocicadeonreaipr aml anmetputie proxids e cenvtited g Progessee®and t he

fi r stoltaget tharegutathe haingch fisst tranaiiiertcouplescnsbirsen Bie firsh oy blé‘@d? g first optply| ed

bet was, 4 $ecorfd trassistor oppied n@awmiiel wih @ﬁér%\fa ﬁ’@f f‘rerfg t rapRip torbeiga §MRShpl v nodes,
to piheihgeecgnd EK@H?&%@E‘? aldf r gte )sw:f?n@éh?/ Fttaﬁ e Oricﬁld‘t“hgf t he

r egupedt ially 31 ) switch on the first tr susto on the seco

second transistor, and (4) switch off the fi rst transistor.

19. The mobile module of claim 18 further comprising a thermal feedback sensor _mopnted to the
board to provide digital thermal sensing of the mobile module and being communicatively coupled to
the board-to-hboard connector.

20. The mobile module of claim 18 further comprising a sideband bus to provide address and
command communication between the processor assembly and the board-to-board connector.

21. The mobile module of claim 18 wherein the voltage regulator further includes a diode coupled
between a second supply node and the first output node, and an inductor-capacitor low pass filter
coupled between the first output node and one of the first and second supply nodes, to provide a

substantially ripple-free voltage at the output of the regulator.
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