, abe3eUR\ . T6T7>!,. WO 99/590. 10 Dynam c Set Point Switching Field of 13 N0V 200
Invention T nt invention relates to DC-to-DC vol t age .
Backgr ound \?g’ 9%‘)?}?4?002 PCT/ US99/ 04810 To extend battery Ii féeg}rq]é%?@ ﬁ)ce
power consunption, mcroprocessors for nobile use may have vari ous power
nmodes, such as a stop-clock node and an _active node. The microprocessor is

put in its active node when its execution units are needed, and is put in
its stop-clock node when the execution units are not i mredi at el W
conserve power, the mcroprocessor draws | ess current during |\\®W‘\w
node than during its active rmlge. A [f tlp-.DC vol Bag,e converter es a
regul ated voltage for the nicrofiRiEsI P ORI SIS s "¢ ynctional  dité8PAm of
a step-down switching DC-to-DC vol tage convener connected to a
m croprocessor, where the mcroprocessor is idealized as current sink 102.
M croprocessor 102 sinks current |, which varies dependi ng upon whet her
m croprocessor 102 is in its stop-clock or active node. The voltage to be
regul ated is the voltage at node 1ERldnfiInvegtioni ng vol tage drops along |ine
111, is the core_voltage of mcroprocessor 102, denoted as Vcore. A voltage
source 104 provi dbspEsetabicatipefaseniodd G guoltage meguétions Vo, to
controller 10G Feedback path 108 sapples the voltage at node 110.
Controller 106 swi tches FETs (Field ng"éngf’“ ansistor) 112 and 114 ON and
OFF in conpl ement-ary, f ' . ener gi e-enerqi I pduct or
116. FETs 112 anj‘égf%&?n@%%‘hﬁof@ l‘gée)a’g‘]s\ﬁe?'g e sl O?’omi%g"psfug&r{:u%?‘%rgg"éousl y O\
Control | er 406iISWelfkERaveFhridddnd¥dr nitfids KEdh dsl2s16Mc ok hithde @nd BadtRkt age at
node 110, and switches FET 112 OFF and FET 114 to | ower the voltage at
node 110. GapéeiThermitidpréekyas id mut smidoidiveutodehehevdlsteagmitiah unnsgre ht€ded,
Resi stor 120 represents the parasitic resistance of capacitor 118 and its
| ead. Not sangvie pibintisestqraelack miode Whamtteaneeutioh wipasinopimmediately ne8ded.0 v
2002 ' WD 991 59040 PCTI USEQ/ 04810 ;, é an(il its Iegd., By appropriately
swi t chi ng FETEONSED/efpyver1iae MIGFOPIPGFSAGays 1558 qurant §UTias to §ioPH e mefgpe
subst anti allﬁingonst Nt rovidged m croprocessor 102 is not changing i nodes.
u tr

' . . ring iis € mao P .
Fig. 2ai Stiah 657G d&€dI°Transitions of current | due to microprocessor

102 i changi ng NRASS.to TN vhitde cdvedel PRLIRE 8Fedulfe VR ifaBOfor YeOr € at node 110
due to these current transitions. For the exanple of Fig. 2a, current |
i ncr eases anidroprecdsiordBig. 1 0s afimpdenat Hangen 6f Dsesdown ewacking DGorDCe, and
decreases at time t2 due to a node change fromactive to stop-clock. Let Vr
denot e t he e conveoket eqyaested oL BIGORrosassey wherg|thomiseonretasseraslidealized t he
set-point.) Wen current | undergoes a sudden increase at fine tl the
current 1 faSGWmegt 1Rk dBGHMicrRRiRtor 196 Stk BTl BB o sh<IeRRRGIRE B y, and
consequent | e addi tional r.rent. needed. 1,Cr opl 0seS 2 1s
suppl i ed f r&g}rlr%tg%rpné’ccf %Pceficg.l%?‘ﬁl g lgscf?ﬁ ggg‘éfwa&ﬁ%’ ggr?’? ef‘ﬁ‘a"r‘i"ﬁ‘;‘?éép% lI’*lee _
rragnl)tude Ok g bl YOIt 38Radll RRSIALI02SA, i@ﬁéx‘ix?&Hhaé@@roﬁ@ﬂoﬁ@ﬁﬁ&!h‘?'ﬁs thd8, which
causes the voltage Vcore at node 110 t0 suddenly decrease. To bring Vcore
up to Vr, cainé voltageidfenitfoplddesseeeqs defoted a2, 0N adlthgesdurtd 400pfovideba i
~~current flow ng through inductor 116 will then increase (with positive
ti me derivattibleyefersnes volpgticisneted as Vo, ito Tonteplies 104. Faedbagk pethilf8 simgpleg6 at
tinme t,. im]arly, when mcroprocessor 102 changes fromits active node
to its stopeMBtaesd@edatl%ime t2 current | suddenly decreases. Again,
because current £l ow,thr h..in Ml t dec i aneousl y)
capacitor 118 rryé?m%?lelz lgggmtf%e%ﬁ 13 cltfg’cf%nf antl)‘ ri’sés(?%rgggfegn%@%@g}e%{%i ncrease
in | Vcore gfpti eanbl%n}@n@fdsﬁmﬁmé téaénwgtiiymqﬁ!;enero%vmd&&omspymeep' ng
FET 112 OFF and FET 114 . Thisis illustrated in Fig. 2b at tine t2.

112 and 114 should be switched so as not to be simultaneously ON. Controller 106 '

switches FET 114 OFF and FET 112 ON to raise the voltage at node 110, and switches
FET 112 OFF and FET 114 ON to lower the voltage at node 110. Capacitor 118 helps
to smooth-out the voltage at node 110. Resistor 120 represents the parasitic resistance

of capacitor 118 and its lead. Not shown is the parasitic inductance of capacitor 118

LT
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As a result of mcroprocessor 102 changi ng nodes, the voltage at nodq 714§y 2007
varies bajyeegsspme maxi mum or peak voltage VP and sonme m ptipyy/fkicage vm

. . k.
For sinplicity, we assune that the voltage differences ~ Vp, - W\r~ and ~ Vm o
- Vr~ are equal to each other, and we denote this difference by 0. Note i
that the total voltage excursion for B2g. 2b, ~ VP - Vm-, is equal to 2D c

~"~ 1. X. WO 99/ 5900 PCTNS9910~$~ON~~ 2~~2 The val ue of 0 depends upon ,
the tinme derivative of current rin e nge, the val ue f. resistor .
10 ana. capasie By @R Btina el TR EE whele BEiabls chown o
the val u ' ' : nds to a 4
changing?% ﬁgkggf?%ggF&%ﬁF%fg%Pﬂﬁﬁ%@§¥%§%ﬁnggﬁggéégg%%SgﬁE@%@QFeduces i
steady stai®sripple in the core voltage when there is no power node change,
but increases D. For proper operation, VP and Vmneed to be within sone
oper ati ng randég|2allowratddidedi tlanSliess dficurentadizeftd micraprdeessonti@2 bet ween
voltage ripple, response tine, and D. However, once such a tradeoff has !
been madehanging modesiand bige 2bdllustrelss theevoltogal o ol nodgd 18 wiupdo thesgrument  as
smal | as possibl§¢ This is p &;icularly i mportant in I§§;volta e

appl i cat TGRSO Péﬂtwag@{e-%r iiEt 2P UERL(INGreBE s A MGy G RAIBRYF wi t hout Vm
droppi ng bel ow VI QW _ Br |, ef scription of t.he Drawings Fig. 1 is a

Funoti ondnetiesrant oo Talpiach v pod iPisfise i Ao adieds Hepte w9g”

i |1 ustr at,eg, CRARGSSIICR. GRTE aURId AQGielify i nep power
mode for aﬁﬁr?br arthC-tofDéQ%oltaSé 88%33 te??ﬁﬁi%fvgn%%%gggﬁégﬁ?t

di agram ab aélfhe%kéﬁﬁ@ﬂnﬁ? Whebchifie G unatbipa@ea SRIAVeIncRasdtitinés seerLge@nd- hol d
circuilt for dynamcally changing the set-point. Fig. 4 illustrates changes
in core wwiagthrbogh mdottanykd ¢amnpd incpsedosssarcopdwemdrnodecquenthatheexenpl ary
DC-to-DC vol tage converter. Fig. 5is a circuit_diagramfor an exenplary
sanpl e- aRddriongl irreat peedediy EHEIPTASRSSET 1EnissuprtisAfeonrrapacgos k18, Thisy cui t

di agram of an nbodigent, MQﬁre Lupcti? al Ploq¥ 106 _in FLg. r%vides t he
functi on agfitiopR TOPePCTEEI R BAg LS Of ST BFat OBl TERSI0APh A G 3

provi des bl 84 IR cREalkel 1:34RISAHTCE At fihe 10 [d Siaddnly Mbreatld

applicable, circuit components in Fig’™ ave the sane nuneric ?abel as
their comgaqzc;]glhﬁgo ], c6htkd] cHRUPQVERESHSIFETH 2 ON.an¥PET $14 DEFDEhev/ol t age
that is stepped down, and Vref is a voltage which nmay be | ess than UDC.

Vol t age suouentfldoigitirobplyindBctios 1 bowpi ihse theofasZ@vidr paditodairBd 8eravat ve)esi st or
350 1 3 Nov 2002 WD 99/590.t0 PCT/US99/04810 -4 to provide a stable
vol t age Y® bHPS HedeoFAoThinistifugmigdindag-Rbiastimed)- 3 is indicated by |abeling

the voltages at. the t | i nes x08 as,  \core. first. describe the

particul ar co?ﬁ‘%’lafel& ‘\’A@%“bﬁmﬁ’ff’@e.ss%r.sw\%&g??ﬁe§¥r§ﬁ’d‘fs ac?é‘ﬁf)l”éoq{eﬁ% F8PPage at the
non-i nver./ I : + t J i i 304 by
V. Ignofgk?g?&?ﬁﬁqHﬁﬁéﬁﬁMﬁégéﬁ%g%ﬂ£§3¥%%%§g%ﬁ@’%%EE$%§¥§%%ﬂ§g#g?%§%ng
corrpaiat Qfduxét Mi6tdannet dediRasesinbah@neodd, cApacitdrI8 M8 sieik a@ditibngonpri si ng
FET 312 and pul lup resistor 316, inverter driver 318, and driver 320

provi des cuaent, Rbissiautestz saddof infieds 1t 12, an dinkl4 whictaisconpelebroaght f ashi on,
where FET 112 is ON and FET x 14 is OFF when V+ > V and FET 112 is OFF and
FET 114 idowaNovihdy kgeping FET 1RQFEaad FEZA 14/QN cHpaisi itleytrasedin Bpotyatwi t h
resistor 341, provide hysterisis for the trip-point of conparator 310. \Wen

VDC is | W@%&enough to exceed the Zener breakdown vol tage of Zener diode

328, the conbl ek L8y 8F nfE0loc sz IR N s ELLERENdiled ARk 910 330 bf ases

the gate of F to sone voltage i asi l'ows FET 32G to
provi de aatieysdtweti §dmd MBCitiuPNod feak REILAM N URD &¥md MUBMUBT véliaby @, 18 so that

the gate voltage of FET 112 is prevented fron1fo||omﬁng bel ow Vb + V, when

t he out puimplicity)verdssumeithavbe v3ltdbetdifierghdes oMs- Vs [k, G-/ MdEpuilao LON ‘
(ground potential), where V, is the threshol'd voltage of FET 326. This

| evel shichth btheglanaWwk&ppe thiRQlifatrcevsl A ag@e afat e tothloltdpeteReurtiongs [ Vb +

Vt, Vpo) so as to prevent gate-source breakdown of FET 112. I|f, however,

VDC is Iqsg;&ng_Ihg,gQ g5] thpgakdown vol tage, then resistor 330 without the
presence of capacitor 33G woul d keep the gate of FET 326 at ground

potential. In this case, if the gate of FET 32G is kept at ground

potential, then the gate voltage of FET 112 woul d not be brought bel ow Vt

when the output of driver 318 transistions to LON Therefore, if VDCis
sufficiently small, then the gate voltage of FET 112 may not be brought [ow
enough to fully turn FET 112 ON. However, w th capacitor 33G coupling the o
gate of FET 32G to driver 320, then if the output of driver 320 transitions [~
fromH GH {Vref in this case) to ground potential, the gate voltage of FET

326 will nmonentarily be brought bel ow ground potential (approximately -Vr)

and the gate voltage of FET 112 can be brought to ground potential when the

. H



13 NOV 2002 WO 99/590.10 PCT/ US99/04810 -5 driver 318 transitions to ng&ﬁ?
potential, WtharLhy ensuring that FET 112 is fully turned ONpchai@oh
sufficiently ?nbaﬁﬁ Vp~, i.e., when the Zener breakdown voltage of Zener

di ode 328 has not been exceeded, the level shift function of FET 326 is not
needed. FETs 306 and 308 prevent FETs 132 and 114 from bei ng simultaneously
ON. For exanple, with V+ > V so that FET 112 is ON and node 332 is H GH,

FET 308 is kept o as,to keep the input to.driver 320 LON so that FET
114 i3 kept CRFTRGWERe BLARRITE BpBh O R AryRs e e T Dafe b and
node 332 wi,l | be brgught. LOVND he, col |.apsi netic .field of inductor
116. Thi s BH"&g<E ugb%fra—*fitof %ﬂgﬂdoc\ﬁ/p%%tgpﬂﬁg%fﬂt%gy HPevEF 1%&’6@86 B‘g br ought
H GH sot - FET. ' = ' { T 114
does not s%“éﬁ%\*{j" %Iﬁlt)lsq% g%l? gr%f@é%tf}llgléé\%\nﬁ c% féﬁgrsaih %@Ecogﬁrgnn?ljaﬁ‘sy%@éotnﬁgan be

- seen that fRlchhhgind@efe Wag& A taeder Nudidk 116 afd @padill 116 fednidéd GhRy sk
Capacitor 337 provides a soft-start capability. Capacitor 339 shunts high
frequency spgisah tHewsponsnags vihen gleptisthog0was mde bigdnge fyue rendaseywardred
oscillations. Capacitor 33S al so hel ps prevent unwanted oscillations. Note
that node BdPer spepatimei] et ¥y, aeed talbeiwithin sonawyehatvel ravgeddQunid, . even if FET
114 has not yet switched ON, due to the body diode of FET 114 formed by the
connection of tRéabydyadebffEEan bd matdobitvsersnliage ripSanshponan tinfeohat 8i r cui t
340 provides a feedback voltage V~ stored on capacitor 344, where Vf is

i ndi cat i veHofvewar; pmastsuth owiadepif hasdeghmedsittsis desi®BB tatkesp thETot8Uliage ON.  FET
346 is coupled to FET 114 so that it is ONif and only if FET 114 is ON.
The curr en$WinBok ndimt #rsorpdhasmoessible oFhis Sepagiratprampogantdy IGETokas i s
approximately the current | of mcroprocessor 102. Due to the tine constant
associ at edarmlichtiensp adirteghe setpoinf/, sBoyld fe anlowes nsedethwitheitdgedrepping
Feedback vgllta V~ decreases (increases in magnitude) when current |

i ncreases, °¥'A%&r'ddyy i ndi cati ng when mi croprocessor 102 changes fromits

stop-clock node to its actiyg.: P Vi 99/ 59040
\f%év.gqgtﬁcnstlw oN@xe DZ:Q%ﬁW)

PCT/ US99/ 04810 -6Controll er ergl zes and de-errergi zes inductor 116 so
as to approxi maFgl Y i§RifBcBbM MiagranVof 2 fiedrakt DO-tY-D@N6lta¥e tonMter. VI , and
V~or" the relationship V+ = V_vyields the foll ow ng expression for V=~C V _
1 + n rsV~ + r, Vg 2'illystrares changes in ophreyadtage for mZhangs, in ancroprbcesser power
respectively, the resistances of resistors 3~1, 3S2, 353, and 354. Fromthe
above expr&©4af &, prioriagt Redp-Rhyeltags&ordisr-at ed core voltage V~rc is

duced wh Vr _decr. Fi.g. 3, it i that V~ i i mat el
Grven oy tha 1 6t eagRcaraaeroaSoelranty ST Bk LR TS
| X1 ~= . . . a | ~
pp @%@L%X@orﬂm&t fwgn%ngagg cré%}g[u[%ﬁga SLARER.

~ > is an average (not necess . BtiC ‘average) of the current |
during the peri gg. afillidnaRs tRingehincdrd¥oltagd fbriah&ledn thidrbgrotdsiof govkdrF. Thus,
when m croprocessor 102 changes fromits stop-clock node to its active
node,! < | modasreasaemplany DIC-waDEeositie doavetterr ease and V~rc to decr ease.

The core voltage Y=~ wi|l stay at this reduced | evel until m croprocessor
102 changes fr ofig.fds asirsuitedingiam foran xsmplappsa bt RnGrBeld Cirglilis) t he
set-point (the voltage to whi t he.cor

vol tage .is regul ated) of the
DC-t 0- DC vol tage converter of 1Y P4y gteﬁ? Qﬂi'g‘.’"t?i g. 4 illustrates the
dynami ¢ set - pol py hqL , R, EXEIRLAY pRBHRC AL whElkGunciBndi b1t Tgsak Flo3 i 0
2a. However, as?i&éé’ﬁg?% |g.£%%? tﬁ]g core vol"fvaggqfnsc 1rlégul at eg ?%Fé”l'gher
V~' ~ ~rc j pigvhde8lthe functidifoMrofier108 W Fig. 1 MfAnctionaPHodk04Y Fig. 3 prlodides + r4
"V~i~ - 14r'J -rs <1> R+r,Vo " ri r~+r,

the function of voltage source 104 in Fig. 1, and, when applicable, circuit components in

Fig. 3 have the same numeric label as their corresponding circuit components in Fig. 1.

Vbe is the DC voltage that is stepped down, and V. is a voltage which may be less

than Vpc. Voltage source 104 in Fig. 3 is comprised of Zener diode 348 and resistor 350
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< | >5~ s VS e of | when FET 114 is ON and m crbpr_oces&orr In
its stop-cl g{ﬁ( n%g@? and < | >~ is an average of | when FET 114/}}%9%1§md

m croprocessor 102 is in its active node. Fig. 4b illustrates an exenplary
plot of core voltage for the current trapsitions of Fig 4a. By properly
choosing the resistances rl, rZ, r3, r4, and R, v 0 ands o can be properly

chosen so that the pe and m ni num of _~~0, agai n denoted by VP and Vm
respecti vel i PRVEE Sﬁ‘%ili?lv?lFPéEe 1t %‘qun”dzr Arfgrsibpekpasiyn g, 3 igindisated by

m cropr oces%%%linl(p%.e vlglﬂraggeart%r[@ﬁﬁ%s W&% ?s ~V~"a - Vaa ~ is less than 2D,

the total voltTage excursion GF Fig. 2b can be significantly

| s than 2D FURFORINRES«ibk e RN ROk fkr 188 oW 1N3 PO hidlhd bndie yReen

that if ~ o < V~, then power consunption of m croprocessor

enbodi ment  0bitdpeGu the nch-eektiae dhp8O2 by 71 And the vakhdée/R thd Rivertag ifpIBAsEd to
the prior art of Figs. 1 and 2. Thus, enbodinents with dynam c set-points
may real i zeby ¢sdghotedbr thelri@gent HEToG86 amdi30& die embation pempfisig@nsunpt i on
than prior art voltage converters. ~~. .r.~.-',._S The circuit of functional
bl ock 10G i vorkparatoB 318 with pdlupatdister 34, ehefiavdries uiredit cormpiiny FEM3.12ARY
circuit which switches FETs 112 and 114 in conplenentary fashion = may be
used. | ndeeBullyn resistondd 6 navertes alriyen Hat arcddver 820 arayides fohidie swéteking @ fr om

R T
Fi E i e T. i ,
oL 1 echek gl L) 38 ISR BFESRMEREET s NG SRR

Resi stor sat hashcnge e 20 b BT R GT afhardbeEhE Sy Barselor

exanpl e, sa s&%q-srl]g_l dcircuit 340 in Fig. 3 may be replaced by
sanpl e-and-hold circuit 340 in Fig. 5, where for sinplicity only a small

portion of the ciwieda I, af ldrpedenoBgh ® dxefdldit@L ks bitakd@wn boltapbbf Neaiaigde a
transresi stance device may be substituted for resistor 338 to provide a
si gnal i ndi 828.itheecahbipanoreol Zeher dlodeB2hini seaky itk ersssorrs33feyasee thegeat ofear

i nduct or !'\%16 to provide a signal_indicative of its magnetic field ! 4
~i1  ~ 3 NebT33620 vemogrhars. o PAhiUdesngabaws FT 376 shpionelealsye shift

§
descr bed oRESHPRARPE e RSt BT nats b iRl e B ivRleREaTBET 1 itea
Eg'rrg‘r"’i- .in é?pgx%% ﬁ%?%{o}ﬂya%ng Bel &3, B vt tie odtp MUl ARE1eE BAVE 18T
transitions form HIGH (Vpc) to LOW (ground potential), where ?/l is the threshold
voltage of FET 326. This level shift function keeps the gate voltage of FET 112 in the
) range [V, + V,, Vpc) so as to prevent gate-source breakdown of FET 112,

If, however, Vpc is less than the Zener breakdown voltage, then resistor 330
without the presence of capacitor 336 would keep the gate of FET 326 at ground
potential. In this case, if the gate of FET 326 is kept at ground potential, then the gate
voltage of FET 112 would not be brought below ¥, when the output of driver 318
transistions to LOW. Therefore, if Vpc is sufficiently small, then the gate voltage of
FET 112 may not be brought low enough to fully turn FET 112 ON. However, with
capacitor 336 coupling the gate of FET 326 to driver 320, then if the output of driver
320 transitions from HIGH (V. in this case) to ground potential, the gate voltage of

FET 326 will momentarily be brought below ground potential (approximately —V,.()

and the gate voltage of FET 112 can be brought to ground potential when the output of



a controller to regulate a | oad voltage of a load according to a settpdownt00?
by ener gi giong,se5d de-energi zing the inductor; and a sanplefqﬂqughglgerU|t
coupled to the controller to decrease the set - poi nt when an average of a
current flow ng through the inductor increases. The voltage converter as

set forth in claiml1, wherein the sanplse-and-hold circuit conprises: a
transresi stance device to provide, for an at least one tine interval, a

| t d f th t fl. th h the_inducto d
capact tor SOMTAIE A eS 1 £ae] Bueaydnisen w&%&xgngéﬁatﬁaﬁ‘g”iaéa@i”drSp
acr oss thm&P@ | {Qke hSt fo'i’%ﬁi%?ewfvf?%utﬁ‘e a&]f?etnetﬁe stance ﬁ xavgevg af’F'ﬁt age

during the at l[east one tine inte he” cap Aclt

the contr gty afer 8Rde328 HubiRoiten BReBled, the 1@%1%&% Mﬁctm‘n 5%1\/% Ryt drop
across the capacitor. The voltage converter as set forth in claim2,

wherein theedat. | east one tine interval is such that power is prOV|ded by
the voltage converter to the inductor and |load during the at |east one tine
interval . 4. THET93106agé 388 nueventdiE bl I@etndflddtitom beiog aimnl2necusér @Nn t he at

| east one_tine interyval |s such that power is not provided by the voltage
convert er ?be&aﬁé"?mﬂ'dtf’oF angp ‘Ihéta%ﬁ"adh HONadaods 83 is BHeH FEE30fhiser val .

5. The vogta conver as.set forth in claim?2, wherein the

t ransr esi sp@yite e"tpsthﬁ iR it dver 33Adr @M Sat%fﬁa‘g]el“dlﬁéﬁph@}%ss t he
t t t fl th duct d
The at 1 edBiendratiiasts Relaw. T Thbis ey 08 Beneds 14 aLQ%Erﬁug%rt ﬁr: N
| ai 5, th | t t
orovi dod by Wi e rtlBing S Tehelf o b SR alE i e A PR « heo at
| east Onealtld éxﬂh}ﬂg&ﬁa&m}] ver-§20 tot ﬁbyupirt\{-ll%ﬁ-?%o th%t-plﬁ" Ylo{ g\% egwe@,ger as

set forth in ereln east ’'one erva such that

power is mtfr&ﬁ Wik dREMPY thAFBOL 1086 GRNVSIALONU il Bfed mpmgwmsl oad
during the at |east one tinme interval. 8. The voltage converter as set

forth i n OF& RindiarfyyittdaerbeceerpthasFET 112 dpes dot ywittli Ohsiusileifter BEPUlLE- down
transi stor; wherein the pull-up transistor and pull-down transistor are
coupl ed téthﬂl?MQﬁﬁjctor so that power is provided to the inductor and | oad

when th Il - t t ON.and th |l -d t t OFF and
powor 15 hot | pFaUI<HRE 368 PRHA ARTET D a?nef Pl aRetor 2 Bt Rgd £ anci o or

s OFF angiehlineD Yloha AU AR) BlcBha 55 o ngpg)\%%rﬁtuﬁ(vaﬁgld%lsgﬂa st 11

pul | -down trans so that cufPrent rou e reS|s
i ndi cati veapicidr 335 kRBhelps PrévRg: div R ostNRiBR. INotoMA: L8RSt or When oN;

and prevented from falling too much below ground, even if FET 114 has not yet switched
ON, due to the body diode of FET 114 formed by the connection of the body of FET
) 114 to its source.

Sample-and-hold circuit 340 provides a feedback voltage V; stored on capacitor
344, where V; is indicative of current flowing through resistor 338 when FET 346 is
ON. FET 346 is coupled to FET 114 so that it is ON if and only if FET 114 is ON.
The current flowing through resistor 338 when sampled by FET 346 is approximately
the current / of microprocessor 102. Due to the time constant associated with capacitor
344, V;is indicative of an average of /. Feedback voltage V;decreases (increases in

magnitude) when current / increases, thereby indicating when microprocessor 102

changes from its stop-clock mode to its active mode.



a capacitor coupled to the resistor so that a voltage drop across the 13 Ngy 200

capacitor i VO PUIWHM i ve of the voltage drop across the resi RGHUSHIHHID he
pul | -down transistor is ON, wherein the set-point is indicative of 'the

vol tage drop across the capacitor. 9. A yoltage converter conprising: a
controller; an inductor; a pull-up transﬁ'stor; a pull-down transistor; the
controller to switch the pull-up transistor ON and the pull down transistor
OFF if a first vddnagher H6@hemizs aidideerrrgiesindicur 11 geas BRPpioRimmelych t he
pul | -up transistor OFF and the pull-down transistor ONif the first voltage
i s | ess t hamaimeinsEcoid Reddtinggd;and W &s Vs Vo arldali,f theaelatbashieVdrdf yields

i ndicative of a current flow ng through the inductor during an at |east one
ti me intervahg follosammexpmysiondoskst or; and a capacitor coupled to the
sanpling transistor and resistor so, as have a,voltage drop indicative of
the voltage drop across the regi st_ir oj‘n_ﬁ rYé+tlg |sampling transistor is ON,
t he capacitor coupled to the cofftr ' "es, orjipp‘re se the first voltage if
the voltage drop across the capacitor increases and to decrease the first
voltage if t | {.age o ‘ j . 13, N O V
2002 10, The NEat Dbt 76 £RE B Erieq Bl MARRGRGY FRELERS S51, 5t by i
pul | -down trsgasi stor is ON during the at |east one tine interval. 11. The
vol tage converter as set forth in claim9, wherein the pull-up transistor
is ON during the Bonl thaaboverexptassion,iinit scenahat tHelregflated bdra yoltage gL iser
conprising: a controller; an inductor; a pull-up transistor; a pull-down
transistor; reflecedovhandiridesreasss.dwpmdtig.t3h i ipseen thay Vt is apmrpsimatelyDBivan by tiee pul |
down transistqQr OFF if a first valta i eater than a second voltage,
and to swi tcwq{assdmn 9eIess resisprsd BrwhenciBT LS G whie ‘5&89\ﬁ?xt’?3ég|§i stor ONif
the first voltage is less than the s;erc—.omi Vslgage;, and a circuit to
decrease the first voltage if an average of a current flow ng through the

i nduct or dur . | 'g*gn(awaL i NG, | t age
converter aswggﬁe%]g’%%}ﬁgﬁ%fé;%e%tgp%er ein th'é%iﬁ%?ﬁ“‘é‘é‘%?%’@!%a
resistor haV!lﬁlﬂm%tiMQlférﬁ?ﬁ ofl R ubre A ity eheYeriad B 1imE Mr WHISWFED 1145008h the
i nductor during the at Teast one tine interval; a sanpling transistor; and
a capaci t or swlBEEd12ds ORE. Earspivhergmicraprecessarl 02ctanges fretndits ssop-elock o have a
vol tage drop indicative of the voltage drop across the resistor only if the

sanpl i ng tr afSdEtQHs F“éi"@‘Q}Od_lehg ! Caprcesasey, whishispusss ¢otordsereassrand dfamele ¢ o
| ner eases. andeTERgoLiRaEE volnse et M g gt FRRuPRUSH prel GuoBRRR=S 42 (e
capaci tor changes from its active mode to its stop-clock mode. Thus, the set-point (the voltage to
which the core voltage is regulated) of the DC-to-DC voltage converter of Fig. 3 is
) dynamic.
Fig. 4 illustrates the dynamic set-point for an exemplary embodiment. Fig. 4a is
similar to Fig. 2a. However, as seen in Fig. 4b, the core voltage is regulated to either
Ve

4}
or Veore where

o =(l+i) -rn<I>, R+r/V,
core rz r3+r‘ 4

V(Z) =(1+i)[—r3 <1>; R+r4V0 A

n+r,




decreases. 14. The voltage converter as set forth in claim13, \Aherﬁ NU%Z@}]
.sanpli %ggysgq@i stor switches substantially synchronousl ;(,d%g%%,gmm%p ) b

transi stor. The vol tage converter as set forth in claim erein the =

A

sanpling transistor switches substantially synchronously with the pull-up Frﬂ?"
transistor. -11 1 3 NOv 200l 16. Ay_voltage converter conprising: a ’
controller; an inductor; a pull-up transistor; a pull-down transistor

having a termnal; the C(% troller to switch the pull-up transistor ON and

t he pufhd ?rvﬁc S ARV eSS epd i Fidrig ONg1dmpigeonrecegsasd s inHin a second
voltage, and to gwl tgh Qe, pul | -up téfmsi stor OFF and the pull-down

transi $©BrCIRMY PPde.RBAL + St IsgIaveigee P/ VeustE hald isféNgB8dond vol t age: a

resi stor, havi n%@?g&rs.t .termnal ,connected to ground and a second termnal '

connec fBHOPYCE i 1RAIS 25KV§ R&AHul | - down transistor: a sanpling 1
transi stor ' erm.nal n ed to.the second terni.i.nal of the
or - ahE BRSSP RREEL R VR FERE e h TP of o be el ¢

resi stor, havi'ng a T na I'ng

ON whem; %@%N@ ' ' ; d. a, gapacht arrhayi a first

t erni ngféi%r%lﬂgjtog oh%c{sg{%ﬁgggﬁf tdé]%gsgc?l’orr"fgﬂtré‘f m n@l °°é°o%ﬁe°°’f éélrp%o t he second
termn | Skl apagt éau(gl t he

cont ro?%oggreﬁytghié%eg%ggéﬂgqtg%gé%ﬁg?ﬁ ‘%“i“t“yg&g V?°f°’ %@’g?{“é’ge rg‘gm{gg[?"&iss t he

capaci ?&Eedt%fﬁ@ﬁ@@itﬁiﬂdhé epdigtigeang: e, V;k;,@for wiitlbp@Redsbr 162 vol tage drop
across the capacitor decn)ease(lg. -12 . A e. AuY. A AY%AY 2 .A . AF. AY7. A A |

. A Af - BrtMfnOrg, as long as [Veore — Veore | is less than 24, the total voltage excursion [V, —
) Val, for Fig. 2b can be significantly less than 2A.

Furthermore, in comparing Fig. 4b with Fig. 2b, it is seen that ifVc(ozr)z <V, then
power consumption of microprocessor 102 for the embodiment of Fig. 3 is reduced
when it in its active state as compared to the prior art of Figs. 1 and 2. Thus,
embodiments with dynamic set-points may realize less total voltage swings and reduced
power consumption than prior art voltage converters. '[ -

The circuit of functional block 106 in Fig. 3 is illustrative of a particular '
embodiment. Any circuit which switches FETs 112 and 114 in complementary fashion |
may be used. Indeed, it 1s not necessary that FETs 112 and 114 be prevented from !
being ON simultaneously, although power would be wasted in such cases. Furthermore,
FET 112 may be either a pMOSFET (p-Metal Oxide Semiconductor Field Effect
Transistor) as shown, or an nMOSFET. In other embodiments, bipolar transistors may
be used in lieu of FETs, or any other controlled switching device may be used to
energize and de-energize an inductor.

Resistor 338 need not be connected to ground as shown in Fig. 3. For example,
sample-and-hold circuit 340 in Fig. 3 may be replaced by sample-and-hold circuit 340 in
Fig. 5, where for simplicity only a small portion of the circuit of Fig. 3 is replicated in
Fig. 5. Furthermore, a transresistance device may be substituted for resistor 338 to
provide a signal indicative of current /. Alternatively, sensors may be used near inductor

116 to provide a signal indicative of its magnetic field.

ah

RS A L -~ O e PRy
el
%-}%{x;l

14



‘r 36 3N?V 2002
,E 8zt 0] e’ [ Waoajyrsmlkca]l ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] catcapsm|eRal ca

ajcaJcalcalcalc@]ca]lcalcaljcalcalcalcalcal *L' mQIQE< | M
###zuoj e [ V] ca] ca] ca] ca] caV] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal ca] ca] ca] ca] ca] ca] caV] ca] cat&U%n WARRR .)}) +++,,5 E G J, S n,v,,
,,,,,,,, #-~wgl f a[ Vzuoj e [ V] caV] ca] caV] ca] caV] ca

cMaV] cal] ca] c caV]c
X} ca\/]V]ca] (L:J]a# ] %&%E%%%%%ﬁ%kﬁy]f%ﬁlﬁlfl%%?fg% n?%i%Tzﬁ’gjbiﬁj[ ] c;/]\/]
ca] ca] ca] caﬂe:@dseﬁbéd\&rﬁac\dlmam‘d]“aOﬂhc@@hﬂﬁg]ﬁ%ﬁdm%ﬁ}@aon as claimed below.
V] c”aV] ca] cal] caU] ca] ca] ca] ca] caU] ca] caV] ca] ca] ca] ca] ca22”2c2t 2v2223=3| 3e33
e444 6/689}:::;V;d;x;
. <Us{<<=~ytoje [V]]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]c&a]ca]ca]ca]ca]ca]ca]l
cal] ca] ca] ca] caV] ca] ca] ca] ca] caV] ca] caV] ca] caV] cal ==s===] >>><???
@ @y A3BBBI BWB, CFJ" J0JJJKOKTKKALLM xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]calcaljcalMM
WM
NYAN~N=000P? PPPPPQQQ RgRRRRSSSTTUU} xsn} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
aJ cal ca] ca] ca]calca]calca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcaljcalca-@
~hJ, @ hl10%@& ()- 10%@& ()- T10%@& ()- GLOY@& () - 10%@& () - 109%a& () -
110% & ()- _ViK- /10%@ ()- 10%a% ()-m 10%@ ()- & 10%@ ()-
S410%@&' () -$10%@&' () - #10%& ()-VK L MN Oz *a?
/109 t PY) 109%h& () - G4! GY) 109%&' () - GA! 2#Y) 10%t & () - AL0@O0@ 0@ L<10%& () - 0&
1 10%&' ()-F *B Ewl4a?
tY)10%h& () - A!y&Y) 10%rnk& () - A!'tY) 10%5h5& () - AlyY) 10%mE& ()-AIt& Y) 1
0%h& ()-AIt&Y)10% h & ()-HA-/8xV7a? 6&10%& ()-!~Y)10% H H& ()-HA
yY) 10%m n&' () - AyY) 10%me () - A!yY) 10%m& () - A! a#Y) 10%JU&' () -HA*~\ =Y
10%& ()-!Ys$10% |1 & ()-]! Ys$10% k& ()-]10q[ $10%&' ()-F



10< 10< 10<9-; 10%<& ()-'*L' neX9~\= F
s*310%& ()-!"10%h& ()-!1"10%1& ()-!"10%h& ()-!" 10UWKKSE () - 13 NOV 2002
10%&' () - nr S410%r&' () -3&y 10%r& ()-!sY*109%& ()- 10 10
1011 -110%&' ()-L@z109%& ()-OE< dBrS4!iY(109%&' ()- f 10%r& ()- 910%r& ()-3
10%m& ()- f10%r& ()-10%r& ()- ######S_=! Py#100&' () -! y#10%&' ()-' mlO%&' () -
10m 10m 10m ! 10%& ()- L*10%r& ()-$& '.)}) ++zX9. =
10+! 109%&' () What Ve #@ad: () - | Y& #10983& ()-!L 10%& ()-L
1098 () -!y#10%&' () - ++++, , #- (- dE= 10S109%&' ()- @ 109%& ()-!)10% T

& ()--1)109%6& ()--! )10% (& ()-- 10 10(-v--.'.z00a?E= 10! s10%{& ()-
1098 () - 1098 () A%Wa@br(v)sﬂer!c#ﬂﬁ%g()- Z, 10%&' ()-002161<1J1} 1aBE=

10! L1- 109%& () - TlO{ S T10% ()-  + 10%& ()- +

109%& ()-f)109%& (J-FIL ’111622{Y8 10

) 109%&' () -! u&0) 102@nfrpHer o repull 186 ToRd (Pltaké PO {cperding to a set-point by energizing and
de-energizing the inductor; and
a sample-and-hold circuit coupled to the controller to decrease the set-point when an

average of a current flowing through the inductor increases.

2. The voltage converter as set forth in claim 1, wherein the sample-and-hold circuit
comprises:

a transresistance device to provide, for an at least one time interval, a voltage indicative
of the current flowing through the inductor; and

a capacitor coupled to the transresistance device so that a voltage drop across the
capacitor is indicative of the transresistance device voltage during the at least one time interval,
wherein the capacitor is coupled to the controller so that the set-point is indicative of the voltage

drop across the capacitor.

3. The voltage converter as set forth in claim 2, wherein the at least one time interval is such
that power is provided by the voltage converter to the inductor and load during the at least one

time interval.

4, The voltage converter as set forth in claim 2, wherein the at least one time interval is such
that power is not provided by the voltage converter to the inductor and load during the at least one

time interval.

5. The voltage converter as set forth in claim 2, wherein the transresistance device is a
resistor, wherein a voltage drop across the resistor is indicative of the current flowing through the

inductor during the at least one time interval.

6. The voltage converter as set forth in claim 5, wherein the at least one time interval is such
that power is provided by the voltage converter to the inductor and load during the at least one

time interval.
9.
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8. The voltage converter as set forth in claim 1, further comprising:

a pull-up transistor;

a pull-down transistor;

wherein the pull-up transistor and pull-down transistor are coupled to the inductor so that
power is provided to the inductor and load when the pull-up transistor is ON and the pull-down
transistor is OFF and power is not provided to the inductor and load when the pull-up transistor is
OFF and the pull-down transistor is ON;

a resistor coupled to the pull-down transistor so that current flowing through the resistor
is indicative of a current flowing through the pull-down transistor when ON; and

a capacitor coupled to the resistor so that a voltage drop across the capacitor is indicative
of the voltage drop across the resistor when the pull-down transistor is ON, wherein the set-point

is indicative of the voltage drop across the capacitor.

9. A voltage converter comprising;

a controller;

an inductor;

a pull-up transistor;

a pull-down transistor; the controller to switch the pull-up transistor ON and the pull-
down transistor OFF if a first voltage is greater than a second voltage, and to switch the pull-up
transistor OFF and the pull-down transistor ON if the first voltage is less than the second voltage;

a resistor having a voltage drop indicative of a current flowing through the inductor
during an at least one time interval;

a sampling transistor; and

a capacitor coupled to the sampling transistor and resistor so as to have a voltage drop
indicative of the voltage drop across the resistor only if the sampling transistor is ON, the
capacitor coupled to the controller to increase the first voltage if the voltage drop across the
capacitor increases and to decrease the first voltage if the voltage drop across the capacitor
decreases.
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the at least one time interval.

12. A voltage converter comprising:

a controller;

an inductor;

a pull-up transistor;

a pull-down transistor; the controller to switch the pull-up transistor ON and the pull-
down transistor OFF if a first voltage is greater than a second voltage, and to switch the pull-up
transistor OFF and the pull-down transistor ON if the first voltage is less than the second voltage;
and

a circuit to decrease the first voltage if an average of a current flowing through the

inductor during an at least one time interval increases.

13. The voltage converter as set forth in claim 12, wherein the circuit comprises:

a resistor having a voltage drop indicative of a current flowing through the inductor
during the at least one time interval;

a sampling transistor; and

a capacitor coupled to the sampling transistor and resistor so as to have a voltage drop
indicative of the voltage drop across the resistor only if the sampling transistor is ON, the
capacitor coupled to the controller to increase the first voltage if the voltage drop across the
capacitor increases and to decrease the first voltage if the voltage drop across the capacitor

decreases.

14. The voltage converter as set forth in claim 13, wherein the sampling transistor switches

substantially synchronously with the pull-down transistor.

15. The voltage converter as set forth in claim 13, wherein the sampling transistor switches

substantially synchronously with the pull-up transistor.
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ON and the pull-down transistor OFF if a first voltage is greater than a second voltage, and to
switch the pull-up transistor OFF and the pull-down transistor ON if the first voltage is less than
the second voltage;

a resistor having a first terminal connected to ground and a second terminal connected to
the terminal of the pull-down transistor;

a sampling transistor having one terminal connected to the second terminal of the resistor,
and having a second terminal; the sampling transistor to be held ON when the pull-down
transistor is ON; and

a capacitor having a first terminal connected to ground and a second terminal connected
to the second terminal of the sampling transistor; the capacitor coupled to the controller to
increase the first voltage if a voltage drop across the capacitor increases and to decrease the first

voltage if the voltage drop across the capacitor decreases.
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