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MODES FOR CARRYING OUT THE INVENTION

In the design of integrated circuits, there is a trend to power the integrated circuits using decreasing

supply voltage levels. Previous circuit families operated at 5 volts and 3.3 volts. Current families operate at 1.8
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20 as shown in FIG. 3. The transistor Q1 210 is a p-channel transistor and, more particularly, is a low threshold
voltage transistor, as indicated by the diagonal line drawn through its symbol in FIG. 3. In an exemplary
embodiment, the transistor Q1 210 has a nominal threshold voltage of approximately —0.5 volts. This threshold
voltage is considerably smaller than the threshold voltages of conventional p-channel transistors, which are
typically —1.2 volts.

25 The transistor Q2 220 has a gate coupled to the node 205 for receiving the ATD signal, a source coupled
to ground potential, and a drain coupled to the node 255. The transistor Q2 220 has width W, and length L, as
shown in FIG. 3. The transistor Q2 220 is a conventional n-channel transistor. In an exemplary embodiment, the
transistor Q2 220 has a threshold voltage of approximately 1.0 volts.

The ATD signal at the node 205 controls the gates of the transistors Q1 210 and Q2 220. Low threshold

30 p-channel transistor Q1 210 operates as a voltage-controlled switch between the supply voltage V¢ and node 255.
When conducting (i.e. when the switch closes), Q1 210 will act to “pull up” node 255 toward V¢c. N-channel
transistor Q2 220 operates as a voltage-controlled switch between ground potential and node 255. When
conducting, Q2 220 will act to “pull down” node 255 toward ground potential.

The complement of the ATD signal, ATD, is presented to node 275. The transistor Q5 250 has a gate

35 coupled to the node 275 for receiving the ATD signal, a source coupled to the supply voltage V¢, and a drain
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When conductl e swi t.ch
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Suppl y wolpled trehases 25 (apdthe doioagIQIE 10, 62 HeandQIA3DBE! tied to the gat of 06 260, and a

drain tied to the drain of Q6 260 at the node 235 to produce the voltage signal V.. The transistor Q7 270 has
35 width W, and length L, as shown in FIG. 3. The transistor Q7 270 is a conventional n-channel transistor. In an
exemplary embodiment, the transistor Q7 270 has a threshold voltage of approximately 1.0 volts.
The drains of transistors Q1 210, Q2 220, and Q3 230 at the node 255 control the gates of the transistors
Q6 260 and Q7 270. In general, as node 255 is “pulled” up (down) or tends toward a logical high value (logic low
value) then node 235 is pulled down (up) or tends toward a logical low value (logic high value). In this way, the

40 transistors Q6 260 and Q7 270 together form the gate 265 that performs similarly to an inverter stage.



(and the drains of QL 210, @ 220, and @B 230) and tied to the gate of Q7
270, and a drain tied to the drain of Q7 270 at the node 235 to produce

t he vol tazg@oyis*gmaal VCL. The transistor Q6 260 has wi dth VCeudol®ngth L6 as
shown in FIG 3. The transistor 6 260 is a p-channel transistor and, nore
particul arl Yio ow t hreshal d_ volt transi stor, as indicated by the
di agonal |ine?¥ ﬂﬁ%"ef%’f”ﬁﬂ a'f"f'ggg'ffi‘?ﬁdfzgl n FIG 3. In an exenplary
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L7 as shown in FIG 3. The transistor Q7 270 is a conventional n-channel
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Li kewi seBoastlng)@ecutt X or prseffettivgRdostdiatio of thedoessindCigphit 1100r 1s "pul led high," or
"swings high," for exanple, is approaching the supply voltage Vcc or at the
very least is |ncreaS| ng i vol t age neasured relative to the ground
potential . cdeel “(M’éﬁ@ﬁ&rw’s Ve, VCL is | ow When the ATD signal goes

| oyy then theAsraggssegﬂéwggm LGk, wmq?sfn%%ﬁ{%@rvg%e% L S

not 10 conduct transi sto con S sfrongly
so that thrprBolf¥liaee s (theclanping weltags My )06 e FelisifercQ4 24fshen i frpnsistor(@4 34A il jpRpT
si gnal g@esn, kdgwdleisbahéiﬁmesfwltaggve&timagduemsd t he node 275 goes high. In

this case, t nS|s |sto 24 il
turn off andngﬁwleYer of ¢ heg %mrz(gor?éles agvea?‘ls Ollfjfsthe Y‘ﬁmge &N t}ie oree %ﬁlﬁfm&%a?'svgﬁﬁw
t he noder M@umddweﬂ*eﬁ}vaw lw&enﬁmpmvemainw ofshe e}tehmtar.‘/teméodtlmeah@fgit ér @B 230

tuphs on and m@agﬁ@tbﬁqzsm emmaysofﬁu&ﬁlekéaisﬂagzsneﬁie 1t 625 totvard (%elﬁm bighialts§ VecC.
15 The no |stors and Q7

ode 255 t S, 0
270. As ﬁ%gﬂ’lslftgr CSB}@H sg’gﬁ@ °§'ld8‘?“ gYZ%EgT%?Oﬁgiéf? &t does not conduct and
t he transi st d¥ith@e AO255 ar Vs, tpriransisthr Q6 RducdBang the trimaistot Q270 odnthargeo Nxﬁihheet t he

node 235loita§e p&lat tﬁgnddgﬁs 14 zﬁ’%ﬁn@ p&Er@i‘a‘lnﬂl tiﬁg)rnﬁmcé @-!: wﬂeﬁ] tht: EUpﬁly 'v&ééf%% & les& n€:
when ATD i s ft]l t he

ef fecti \?Bsoigf?df's"f‘s ﬁ%ﬁ?‘%th?ﬁhoidl’f%'ta%\’m SRFmene (‘E?Jiaﬁe ‘im)g°f@§§@‘s‘IStP‘ QW@nV%‘t‘,‘”@tl Vr 4
= 3| anpffROthdBowiirgclissield 0 biran pificéved®bsaRitioabibyBoostwg €rcitit1#0.suppl y vol t age Vcc
is less in absol ute terns than the threshold voltage V,p4 (the clanping

vol tage V. P of the transistor 40, then the transistor Q4 240
will never Case Il: 'When ATD is high; When Ve > |V, | = Veiamp

When the ATD signal goes high, then the node 205 goes high, the transistor Q1 210 turns off or does not

conduct, and the transistor Q2 220 turns on and conducts strongly so that the node 255 is pulled down toward

ground potential. Meanwhile, as the ATD signal goes high, the ATD signal goes low and the node 275 goes

35 low. In this case, the transistor Q5 250 turns on, since ATD Vcc (i.e., the gate-to-source voltage of Q5 250) is
more negative than the threshold voltage Vs, which is approximately -0.5 volts in an exemplary embodiment.

The node 225 will be pulled up high to V¢ as the transistor Q5 250 conducts.

9



turn on, regardl ess of the value of the voltage VCL at the node 235.
However, because the transistor 4 240 is always off, the voltage VCL at

t he node w@81/86sr4 al ways be | ow or at ground potential. FaT/gSois0exmi dent
frominvestigation of the exenplary enbodinent of FIG 3. 25 The transistor
A 240 is always off and the Resistor 280 pulls the node 245 toward ground
potential so BdfdiaVedifigeder tias|V5} 0F VLR, B3 EindiSor QA 280ieloft ANElOSBE B (skéepai@hare

bri ngi ng node 255 to Vcc. Wth the node 255 at Vcc, the transistor B 260
is of f akdP Ehigh harslp %156?1007““‘2¢9“4’96ﬁ%9§t2§0‘§8",F<P1‘d'é°“t‘8}°éf°ngmptha@be ngdy 254 feetshe
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conducts stron
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SI n§e. ATD[1 G |0rewa f.he gate-to-source voltage of b 250) is nore
negatlve han 1 he ﬁ é’shold voltage Vti5, which is approximately -0.5 volts
in an exenpl a%syheéﬁb%%ﬁf@éﬁ{‘o condppfsmpre eakiypthe wids 255kl poupulleddorpeldsergheround Ve e as
t he trangd dhiorQ@ 2&50\5@&&6&&%5}5 pRie¥ Qv 1dwer §hé4olRETV LJBDB5 40Qehd to BRlRECawdGC 1S
greater fhan i he. transi st

o)
(except "H‘aﬁ"’“ﬁ%/P“e“h*‘l‘ﬁC? 5“‘”"{ Hee HEuge é“s%é" ﬁ“@wmgwam?rﬁgeakﬂa?ﬁm%f%aa
230 is dvgetherowudntnpkrpgths'tthmgd 345 will belpalted tolver. o the nE 345 goed lgwer,dhepuahsiiston Q3 tzwwar d
V. 15hi s {iff cdnBuct bt Ebaklyt O the pul | down toward ground potential on node 255

due to transistor con UCt i n en Vcc goes greater
than |Vt pal LSkef “%Or 632% 85 (R mf‘ﬂ% %8?‘?&8%‘9‘5}&"‘51?" {RFESH e DBBE| 5 at
ground tpoisenQB a30. as tiemodases pulledwrchightr, the YodmeetVaeat 23%wil esd ©Ro Rder2éb@ardi | |
turn on, rcﬁlh&]ﬁb@entvag—ﬂysqgtu('ﬂ wil causé tﬂﬁm&ﬁlb@ 23(ﬂo §i91Wt§rﬁ on \Spéohcﬂlgt%og; str%ly?lflzfa:adyg 8

nore negatlve t han hreshol d vol ta IS appr oxi mat U,
volts | rPnaW“’hé'?@ﬁfﬂh%‘r"V SR8 PR P A s 25 foes e bp Fangitpn Q7S Wil

t h20 t r ansidattatford@aklz40 conducts along with @ 250 and the voltage across

the Resi stor ’I%gg 6&9&%@@&1??%1 w\{ﬁgnle aéh @e zprg%/ %%éblgg)a?aﬁcx ﬂﬂ:o&g

transi st or uct nore wea ransi 230
conduct grolase Cw@é'ék?%?e 235dn %G%‘P?%Wﬁqlme“bé“wa By thg Honister P 15t56°f@r ound by
t he tr ansmskdno @Raafar 2seahetnh1e difbRceBEiedn S/ panki Ve Cwid GvipploRiviiely edjdaao wel t age

VCL at fro rou ent | Th|S|n
turn w Izcgﬁlgxﬁ%"&lta e\p 98 @Qg%ec{%‘ﬂ%lﬁﬁswute V%:I%e%’dﬁ]c ersfll%?&evoga Ygﬁ 2‘fur n of f
al b5 toget hery, WmL )] ng s that the node 245 will be pull ed Iovver As the
node 245 goes ower t fansistor @ 230 15 will conduct nore strongly.

As the tranS|\§torV 230 £ nﬂl,a s nore strongly, the node 255 will be
pul | ed up cl oser 'fo V€ b)9ct e”l transi stor @ 230. As the node 255 is

pul I ed up hi gii@rﬁplar? mueyf&ﬁﬁfgs@ntygefeﬁ%d ctnbadiMbit thatlaBiied this ﬁglltla@’b?e@enteﬁ Ve 1.
ground pot ent l;(ghls i.n turn wll cause transistor 4 240 to either turn

on, or conduc e“f‘FB" orplatiohy v i f already on, which inplies that the node
245 wi Il be Pukdhgdnhingtesit forAssetithaherfaiping £5cuitdeBofil@erovideshemtlicandhgtsaing (B

2380 wi | ltob%o%@?ﬁ@bo&%g&?ﬂéﬁ@ﬁbﬁfﬂ&@e Camping Crcuit 112 of FIG 3 wll

settle and achieve a relatively stable bal ancing point for the
It should be understood that in preferred embodlments a clamping circuit such as the Clamping Circuit

112 performs as a balancing circuit. The clamping circuit provides voltage clamping functionality to a boosting
circuit such as the Boosting Circuit 110. More particularly, the balancing circuit provides a voltage such as V¢ to
the boosting circuit to reduce or decrease the voltage available for boosting, that is, the available voltage swing for
35 boosting. Preferably, a voltage such as V¢ is provided at all times to the boosting circuit, although this voltage
will be at approximately ground potential or, more particularly, at approximately zero volts when the supply
voltage (referred to as V¢c in the embodiments presented herein) is less than a certain value, such as a clamping
voltage such as V ,mp. When the supply voltage (such as V¢c) is greater than the certain value (i.e., such as

Veiamp), the voltage such as V¢, that is presented to the boosting circuit will be approximately or substantially
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voltage VCL at the node 235. In an exenplary enbodi nent, assum ng that the
transistor 4 240 is strong conpared to the Resistor 280, then the

di fferenoeobesmween Vcc and VCL will be approxi matel y equabct@seim@osicl anpi ng
voltage Vctanp which is in turn defined as the absol ute val ue of the
threshold voltage Vp4 of 4 240: 25 VCC - VCL Vdanp. = | Vtp4l VCL = VCC -
Vdanp = R8T t-hawgrzﬂm@%@ﬂﬁﬂf%ﬁ%}hval%&gvaﬂaek fog bogsting fHgsilpnitise o clampig the ileschf Hent

t hat achboesredtagehi s result are presented in Table 1. General Forrnulation In

hi evi th j i i f 3
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cl abpi ngRatib 6{BIiTh a S@plag @mbdiéneal, terPoastthg Cirtuiit ¢ embbdiderd @rafniltBaga Sol@gebdbs@ACi NQ
circuit. . I i Cj I i v e i functionality to a
boost i ngW'&(r}l? T ﬁsla?pe lgeg%ﬁ !gé&dtﬂﬁér ogtgz)t%\sé%lﬁl%gno&qéaéﬁ%taﬁ%%mpaﬁl@?eé particularly, the
bal anci ng ci ré&ullistr#tddy Fifes 25upplyivoligeY s atte!lesa adtaget oL arg presetyess the faguteide efui t

t o reducse @fplideCBRamne Clriid 1YOdiba@Rerd Ve halbdo béBoodkA®S the Bighplitieh Bbostis Cidclie

avai | abl g,vol t.age . ng for. 35 boosting. Pref bly, . ol tage such VCL
s pr ovi Hadmespaty Vi ide. PherRarBsbilig carrefid s fatint e e A
wi 10 be G¢. ‘apphoxVaht el y ground potential or, nore particularly, at

appr oxi mat el ypyz@d o &pladaSiod B Riddr Bt iSstRPEY void v rofnleflufd doffkial @ V3% WG Ghal N
the embodi ment s present ed herlgi.n iy Iﬁss than a c%rt&i n val ﬁe, “such as a
cl anpi nd ™ ABIERYE™ 8Y FIFCRE Borst Bt § In Gy ofiase Reesig sipiy SV i A des PUIBh as vee) s
greater than YRX&G €c¥edt*™B n value (i.e., such as V,lanp), the voltage such as
VCL that is %ﬁeﬁ%m&%&&Jsmlhk;e&%mgv&aa%%mng: wi || be approxi mtely or
suggt antially 10 WO 01/57874 PCT/US01/40031 "greater than zero and wi ||

decr ease t he Vi34 aﬁ‘écca‘\%l Bdfb e for boost i ng, thus limting or clanping the
val ue of the thdxdasging@ictia@ proFléss smdleavotlagh sveingofic@c¥e th thimyified Bdostg r at i ng
a generaéi;ca@ﬁo%ﬁ,dﬁgegmfﬁdgd enbodi ment of voltage Boosting Grcuit 110
with a voltage clanping input. The Boosting Circuit 110 enbodi ment has an
ef fective Boo® voleetapspopsd: B - Ve by ascimpbifich Bpoging Guguitd Hi embpdimenpefdid@ing
Crcuit pldbgaesiratdiindaBoobiiig &irenitl110 an8 isdgBted BY thoefectivo BedseRativ\BfyieldMgStvaigsB *
Prefera t ages: N 3. I [ As
1 et oo HaP iR ghe vRiag Y G My iR e B BRG BR6IS iR BBl

pr esent éosted velige YIRSt tvhish gps b exprepspin simplifief femess:Boost i ng Circuit 110

enbodi ment . Texaovol t age- (. be. paast+ed, by the sinplified Boosting Grcuit
110 enbodi nent, .is..VCC. - VI whichds a.r d voltage co red.to the
sinplified bg\}”‘os‘l"?hﬁsg”&“’r“éﬁﬁdl"s‘ﬁ BhofR st Al R4 B ,E‘rﬂt}'g?"’-e fgy“g“r‘e“g/%:‘és)“.““%y way
of expl arraripgiil wheroY(dli id gtieaterithan zgrwpltes atliclhdccys wheht age swi ng from ground
po&gnti al (0V) to Vc ttat al ways encounters an effective Boost Ratio B

i n“t he voltag\écﬁéld@tfﬁ%w ircuit 50 of FIG 1 as follows: VPXG = Vcc * B

whi ch can be w ' t he . ful .09 RXG =
((Vec -0y et QhRLRR b oh GhiEi Bhfent 48 i nadk: ERGAEHONG, veAGedis -

swi ng ofWnygrestheviglowing: t he sinplified Boosting Circuit 110 enbodi nent of
FIG 4. The waxage to HehposBed Ve, VCL, by the sinplified Boosting
Circuit 110 epbodiment of FIG 4 propagates through the Boosting Crcuit
11(3)0and i s boost ed by the effective Boost Ratio B, yielding a voltage B

VCL = VCC - Vclamp-

The case when V¢ is approximately equal to zero volts or ground potential is illustrated in FIG. 5. The
expression for the boosted voltage VPXG collapses to the case with no voltage clamping:
VPXG =(Vec-0V)*(B)+0V
35 =(Vco) * (B).

This will occur when:
VCC < vcla.mp = ’th4 ’

i.e., Q4 240 of FIG. 3 is off.
FIG. 7 is a figure illustrating the relationship between V¢ and VPXG for embodiments of the Boosting
40 Circuit 110 and the Clamping Circuit 112 described herein. The graph is not drawn to scale and is intended to
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20 (VcCGVCL) However, the voltage VCL that is not subject to the effective
Boost Ratio B forns a conponent of the boosted voltage VPXG which can be
expressewon/sismpl i fied terns as: VPXG =(VCC VCL) *( B) +VCeCcTiRd 1210031 S
relation will hold in general for the sinplified Boosting Grcuit 110
enbodinment, it is mor e rre n|n ful when VCL is greater than zero volts,

whi ch oc‘@t‘ff’%‘et}tﬁé‘ﬁ“ge g&%e boogfegvplipeq VEXGaas Vegiacremts byrondY @ 03falls” on
(and ATDvelos Viimgh) , and in this instance the boosted vol t age VPXG can be
written as the follow ng: VPXG = (Vclanp) * (B) + VCC - Vclanp since 30
VCL = VCC - GlmdRa Hismpidse when VCL is approxinmately equal to zero voI ts

or ground potentlal IS |IIusé“§at ed in FIG 5. The expression for th
boost ed voI taB‘@ e\lpsgeents i sprigp Rlwmersaleameles, asuming e REmRIEY t’%{beé"ﬂaalﬁbf"h@jimc\‘)F’XG

I_S/?l./g Z P e\{o ta clagny ¢ OWWT&fa&Sr%%matelggg % Volt hl an\_%%feclwe%o]p& Elﬁt:_,\,g?clr)} O{ ?naetmlbﬁcgunefnlt] e

relati ort&t}iemo&atg/@edtM@en@ndcnwa@dl@ﬁnﬁnbodl ment s of the Boosti ng 40
Circuit 110 and the Canping Crcuit 112 descri bed herein. The graph is not

drawn to scale and is intended to 11 WD 01/57874 PCT/ US01/ 40031
i 11 ust rgtaletilh dumbricaldixammestiordxengtlasy ofibodimentt ¢f tefBoostieg Giois 1WA K6l 2 ade| VPXG as

Vee i ncrtgéa@lg,gpl&eb{gﬁyduyg{rﬁm or falls below Vclanp Nunerical Exanp|es:
Table ||l _presents a series of nunerical exanpl q assum ng the exenpl ary

val ues [of'PHiabl e 1| YHOphr { VeuiTaVems a ydkt age VVFEfp = (VPB4 | of
appr oxi [meditegeW e O. (1@ t S) d a fect i ve BoostwilRat i 0 Bmoklahgig) for an
enbodi nent  of the Boosti E}P‘C‘l‘i" EV‘P 10 and the cl%@g@ ng Crcuit 112. Table
I'1: Nunerical Exgnples fofokygnplary Enbodi ment Boosting Crcuit

110 of |[ELG__2 an the Clanping Circuif 112 of [FIG Supply 4 240 of Vcc
<?> Vel [dpYveL vRE vexG | VerVeme vee FPE 3 Luétsé’rrp = [¥¥a"1 = [with (no
cl anpi ng.8 vcl anpi[m@yoff 0. 8| Vic<Wauh, V O T VQC<VCI agpVv0 Vv 2|82V 2.8V ]0.8V
O/ OF f MessVelamg- V321 3y2 V—0-9 ¥ o VeesYelampbr V33V 3.6 V
1.0 V Gn_Vce>Velanp 0.2 V oz Vimy 0V ﬁ 1 V. On Vce>Vel ainp ‘0.3 V. 3[5 V 4.4
vV 1.0V On Ve Vetamp 02V 34V 40V

1.1V On Ve Vetamp 03V 3.5V 44V

12V On Ve Veiamp 04V 3.6V 48V

1.3V On Vee™Velamp 05V 37V 52V

As shown in Table L, if Vcc is equal to 0.7 volts, Q4 240 is off and Vc is less than Vjamp and the voltage
Vcu is approximately 0 V. The boosted voltage VPXG is:
10 VPXG=(0.7-0V)*(4)+0V=28V.
If Ve is equal to 0.9 volts, Q4 240 is conducting and Vc is greater than Vj,q, and the voltage V¢, is
approximatety 0.1 V. The boosted voltage VPXG is: A
VPXG=(0.9-0.1V)*(4)+0.1V=33V.
If Ve is equal to 1.1 volts, Q4 240 is conducting and V¢ is greater than Vg, and the voltage V¢ is
15 approximately 0.3 V. The boosted voltage VPXG is:
| VPXG=(1.1-03 V) (4)+03V=3.5V.

For an numerical example with reference to FIG. 6, assuming a supply voltage Ve = Ve’ equal to 1.3
volts, then in the Clamping Circuit 112 Q4 240 is conducting and Ve = V¢’ is greater than Vg and the voltage

20 Ve = Vo is approximately 0.5 V. The clamped boosted voltage VPXG is:

VPXG =(B* Vyamp) + Ve’

=(4*08V)+05V=37V.

Similarly, with no clamping circuit, the boosted voltage VPXG would be

VPXG =B * V)
25 =(4*13V)=52V.

12



1.2 VOn Vecc>Veclamp 0.4 V3.6 V48V 1.3 V.OhVCCVclanp 0.5V 3.7V 5.2
V As shown in Table I, if Vcc is equal to 0.7 volts, 4 240 is off and Vcc
is | ess tWwan/vsranp and the voltage VCL is approxi natel ypOTN/SoiHee31boost ed
voltage VPXGis: 10 WVPXG = (0.7 - OV) * (4 +0V =28V If Vcc is equa
to 0.9 volts, 240 i s cqnducti and Vcg | eater than Vcl anp and the
vol tage VCL i% %“é s B f'ﬂ‘fq’g ey 2 9‘9“5} QVIQH??G &Bgét"g YPOP PRy des wplisisngrord Aing s =
(0.9 - OVOkagV)accéss ¢ dorer@11,Jland/fEBheB thyt.a VPXG\AE gver 40 poudeh a tord linelvolragk that, is 1Q¥hiZHHOr the
conduct i &g c@lpgns\‘%%ré\ﬁ?g RS g(amElQ% nyﬁ-l:lgﬁmd FADAE Eah?Z Y}gils ?a@gﬁ h%ﬁlvhﬂe%he ci]aﬁlﬁ(; 0 3

apprOX|nateI boost ed, vol t age VPXG
VES. 5 v, ViR Gy mﬁ’é&‘h"b"éfepﬁk’éal’r%'f‘@ istR e P Pf%?ernﬁm"g 6f theaf§’§lﬁ?H ng a
suppl y vol t ageoWehe foreghing, 'it carcpisaten that the mBesenvip breferrediembatimentstploidéc wimptingor G r cui t

112 th
vol t Sge%%g%ge %larﬁﬂ&d&%d erga fﬁghgneﬁﬁyl ?H\Mﬁefge bdo§t cgguﬁa(kg'ilasil P@Ho% d‘l @g}é gt%gogtm\%)let age

VPXG i s: cuvptx@lch ig Bipable\ﬂf PW a_por(m_of a goernsuppIDvogagg)of tlp.e Wsh\gmvnogy gy apoxd line
Sinmlarl \y)naguletvh acleuat‘d f&rﬁﬁdeﬁglg @ tdr€ tiltin a dokReclhmapsrad m/e&bityagﬁe Ml?égebmuirdutbe
VPXG = (fB rﬁher m&ﬁr:’;jg a b%?ancu(g or gl%rgpz)gsgtérault\%or p{owd\é\g@gll 5ro djuét CET I?Ja?eo tjdlt 4Q>oost1 é c1rcu1t

t hat odi nment vol provi
sulfi m éﬁ fedygs thg pprtieneof the bupaky acltaaeibal & aypilakly far @eﬁtmg byabﬂ:lm?suns teyit Wlﬁathe aovaXG of
over 4. Qummt@esxoaedy\@fedalhbm vol t age that |s too high for the core ceII

sensing circ d far
too high whi F‘é’“ aé’a”'f“‘ar em"c?"‘“\?%)@ %Fseg "‘?e ‘u"“é glev‘"vu f%‘ﬁwﬁa ;é%?%qie%ﬁ’ré‘ﬁ ?-fds for
accessi rpaydn thadgl melep%m%e OE@hwﬂleuabtrantlms eﬂhaenqhmdln-chanﬁrrmmbp tegersed in

f or egoi N@itabletapptiddioRe FHMENhE maéntﬁe}'b@nc%tﬁﬁﬁzﬂge]dMer% %faﬁl!;er aﬁﬂle@fmgwltmf{@r thar OVi de

| anci ng o t circu vol t age
Y R LR SRR R R AL e M RN
capabl e wfichigbwsithinrtige teve pranittandosaope of the ipewen. suppl y vol t age of the flash nennry
to a wrd line voltage |evel adequate for accessing a core cell in a core
cell array of the menory. The vol tage boost circuit further includes a
bal ancing or clanping circuit for providing a nonzero adjustnent voltage to
the boosting circuit 10 to reduce the portion of the supply voltage that is
avai l abl e for boosting by the boosting circuit when the power supply
vol t age exceeds a certain value. Wile a particular enbodi nent of the
present invention has been shown and described, nodifications may be nmade.
For exanple, the sense of the individual transistors, p-channel and
n-channel, nay be reversed in suitable applications. Further, the
i nventive concepts described herein may be applied to circuits other than
15 nenory devices. It is therefore intended in the appended clains to cover
all such changes and nodifications which fall within the true spirit and
scope of the invention. 13 WD 01/57874 PCT/ US01/ 40031
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CLAIMS W claim 1. (lIndependent) A voltage boost circuit for a flash
menory, the voltage boost circuit conprising: a boosting circuit to boost
a portiowobi/srsppwer supply voltage of the flash nenory tpPCHRUSGI40HE | i ne
voltage | evel adequate to access a core cell of the nenory; and a bal anci ng
circuit to provide a nonzero adjustnent voltage to said boosting circuit to
reduce the ortion of the supply voltage that is avail able for boosting by
sai d boosting circuit when the power supply voltage exceeds a certain
val ue. 2. (I ndWepamdent) A voltage clanping circuit for a nmenory for use in
conjunction with a voltage 10 boost circuit for boosting a power supply
vol tage, the yolt i ol Sl C mhereln
sai d feedback | oog&r&u&l’%@ ARt E)gogtlscgrcu(l\t émrﬂést% n{ggb S St ﬁa%?ﬁooktmrcult cbr{qﬁls §h0| d
vol tage that ser ve%b"a%m&“ff?‘é‘ﬁﬁ?%ba RpEsioR &fgé’owedﬁwl"pn‘i?llagmf thaﬁershwmprymwd
trafisi stige solaglipleBdedutte toheresaicste Edurozsihe hénﬁdﬂﬁlaﬁi or to stabilize said feedback
lS?g.El teOV(F;:’ ?\élgger g‘d%zgmcu%gﬁlrcmt to EOVI(SC a n}pnzgrﬁ QUS&lg tvopa O?O Salg l)(fostmg ciil‘(iu\llt@er(fﬁer}{]e .
avai | abl rertiop pf thoropy wgaag@atlheawletfqg@smes ﬁaldchopseua ercm@vhefrthe perGsk sugpje voltage
cl anpi NQexEdelisGUbiaidam@r ding to claim2 further conprising: one or nore
transistors utilized as swtches and connected to said feedback | oop to
enabl e operation Ci rcui dur a core nmepory
ol | addroes bt anitteBRery Al A SuBhiiR Mo ishp i S Brep L Pl 4

med®ry, tohs cikgit foabroestive @ sawerjuprluidltagsothproitage nlgmpidrirquityowerisingg ci rcuit coupl ed
to a boosted node {edBRR&bp, ¢nWeih chid ﬂeémsacmbs Rger &o@hpaéeees a-core cell of the
menory, and a claqﬂﬁ CIrCUII co wher ei n

o

glﬁ 1 %%Id boos @ CIrCUIt
said clanping cir l’?‘ﬁflfa?@%a VP&‘%% PO PY2LGRPRE X85t r ansi st or
to clanp the boostmd ungdeult drwa trdwsisiorseolipled lottiegeid fifst tralifistor wottabitigesaid Groditack

circuit 18648 h&lﬂa shaBle GoI@Ed T the Mﬁée@o&t ik, Qhéﬂéﬁpﬂhggabié'vbﬂ#é ;ed{ckkrtﬁJ}%Fno% ofthet _
o sal d boosti ng

co ri ses: esi st.or erter ice cou

ui t ERRE sg%ﬁlydv"[“’r%f3 8‘%%‘1"'{’1“33’8?063‘@0@ Hng| é%v%‘@ge%f’?sb‘i%‘i‘"st or, wherein said
|nverter device conprises a pair of transistors; and a smﬁtching devi ce
coupl ed to sal-d i nllevolage drnping eircuith@erdingtotclagn %ﬁqitltecmgsirtkevi ce is controlled

by said resistor eegrmetdan&mreaheédqs Yl BEHR c6rinetiR i \Gid AN 19656 enatt® 6. The
vol tage boost circuit accordi wherein the clanping circuit is

ng to claim4
conf i gur®@grateg of ?algé’ﬁlf?ﬁbldi“&i’“‘édﬁ?“gggr"’éﬁﬁﬂ&@%’“‘b’f cefl ﬁ@r%tﬁﬂ?‘v’“t o control the
cl anpi ng of the boosted node. 7. (Independent) A nenory conprising: a core
cell array; oh addirdemndiet ddeltage bovbticguitéa a memerg.tthewaltage bog cowuitron@isngr d

i pgs of a plurali 436o§?iflg Mﬁlfjco{xﬂlé?ﬁ§a booSte n‘Mﬂqu ﬁdoB a%ﬁihmt‘!‘ﬂﬁtgge t6 A2€es chorE g:?l of
plurallt% of word lines is associated with one row of the core cell array;

14 WO 01PemeEeR- BeT/ USO1/ 40031 a boosting circuit configured to boost a
portion of a poweradapipk yiroudkduplgdtosdid bdogingreirenir, yhérein sappr obahipiie cieculd odgries:

vol tage on a bOOStaetﬂreéﬂglg Sola Qe bbhskBifto ALY £SS0IQGOMAE a adsAQ vBHGL eSS

decoder responding t

5. The voltage boost circuit according to claim 4 wherein the clamping circuit further comprises:
25 a resistor; and
an inverter device coupled to said boosting circuit and said threshold voltage clamping
transistor, wherein said inverter device comprises a pair of transistors; and
a switching device coupled to said inverter device, wherein the switching device is controlled by

said resistor and said threshold voltage clamping transistor.

30 6. The voltage boost circuit according to claim 4 wherein the clamping circuit is configured to

respond to address changes of the memory to control the clamping of the boosted node.

7. (Independent) A memory comprising:
a core cell array;
an address decoder configured to activate one or more word lines of a plurality of word lines,

35 wherein each word line of the plurality of word lines is associated with one row of the core cell array;
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t he boosted voltage by boosting the word |ine voltage of one of the one or
nore word |ines upon activation to a boosted voltage suitable to access a
core cel Iwobi/s18e4 core cell array; and 5 a bal anci ng circurcT/wsuploesd t o sai d
boosting circuit to provide a nonzero adjustnment voltage to said boosting
circuit to reduce the portion of th ower .supply voltage that is avail able
for boosting by sal l%fosuﬁ%?)'rscf"?‘i?&g%fep 60310 st %Oétf?“f’ﬁagb%gwbs 13sF of NegPamepee
exceeds modveratmpstedveliagreon adoosted nadie parpldétatiie addnesedepmdproths/addassntedoti deshdicd @npi ng

a boost NObdbAdB okdde B boBGEERE ARl finel VBNARL of onEAMRheSr RBre whil IHENSERRAHorADa
adjustnent volta circujt; and boosting a portion of a

e.wth a bal ancin
power suppits? V\‘}lbalg?%'@‘é’lecf‘? 342 FETEY ?fq?ecfmé ‘DFFet Mol t age with a voltage boost
ci reui t; and cl anpi andieirbgosdpled ol shid gesting ciaduit apew i ahineerd @dimetxywoltiigt foi zi Ny
the adj ughiggdti vcghgtmdmhé SRS thd gbeve,_r%ﬁ%pw WPae? thatif Y 2iROWRS: béoyrﬂg:bg Isaxqogt age

that 1s avail abgl_ or boosting. 15 9. nmet hod according to

wher ei n ROREINGETTEE whep fg poveer Bply ¥lagsrxseris P &LBBNEEE- t 0 a transition of one or
nore address inputs of the nenory. 10. The nmethod according to claim38
further conprd.si ngindegoderts &i argenary; @ meth@iaf Elangfingtatbeosnwitipe yo antatdeptatileigyet, he

boost voll, . 11. (I ndependent) A voltage boost circuit for a nenory
comri si ng: 2(% means for boosting a portion of a ‘supdgl y voltage of the
merdry to a boost 8FBIrRtiagRr adiupmens ¥oltaggwilhahaltnging fitguiiAdadj ust ment vol t age; and
means for cl anpi ngpobdiieg H@ash ofotvagepplitvioltdgz ofitig nichoryaslj bosit R&age Wil dvolge 12.
The vol tb%g&ig:g@%d circuit according to claim1l, further conprising: neans
for detecting a transition of one or nore address inputs of the nenory. 25
13. The vol t age bodsPingithe@efist vokiage iorap peseptabls levpldd wilizing the adivshient veliaep foireduery:
means f ke RAGESShdY@war sGPlySokRt thatGf avhilRBle FRBAEM Ut i | | Zi Ng the boost vol tage.
15

15 9. The method according to claim 8 wherein the generating is performed in response to a transition

of one or more address inputs of the memory.

10. The method according to claim 8 further comprising;:

accessing a core cell of the memory utilizing the boost voltage.

11. (Independent) A voltage boost circuit for a memory comprising:
20 means for boosting a portion of a supply voltage of the memory to a boost voltage;
means for generating an adjustment voltage; and

means for clamping the boost voltage utilizing the adjustment voltage.

12. The voltage boost circuit according to claim 11, further comprising:

means for detecting a transition of one or more address inputs of the memory.

25 13. The voltage boost circuit according to claim 11, further comprising:

means for accessing a core cell of the memory utilizing the boost voltage.

15



