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VART ABLE STAGE CHARGE PUVP FI'ELD OF THE T NVENTI ON Thi s
Fnvention relates to the field of charge punps. Mre particul arly,
this invention relates to providing a charge punp having a vari abl e
nunmber as ow%@o a fixed nunber of stages accordi ng topcrusesnsysar ge
punp power supply input |evels and desired charge punp out put | evels.
BACKGROUND OF THE | NVENTI ON A current trend in the electronics
I ndustry is to reduce the power requirenents of integrated
circuitry. In order to reduce power consunption, integrated circuits
are being designed to use | ower volL{.age supply levels such as 3.3

volts instead of 5 volts, for exanple. Many operati ons,
however, require voltages gre "1 ‘ A : nded by the Iower

vol't age power suﬂ}lﬁ%’: CQL & electrically-erasable
programuabl e rea PHy<rret requi res approxi mtely

\ ROM
12 volts for erase anahqsrln!ﬂmnmmgteqderthemeldsofcharge pumps. MofBar ge punp
technol ogy per ni ipRriicifarye ﬂﬂéﬁvbﬁfbrpf‘eld@éttéﬁﬂﬁﬂdm achd?g”é’bﬂ&p%d%‘ét ude

greater than that of the char ge
Bump o rouitry 1va0apiedupiha B qpbed to g w@%ﬁg‘tbgf%ﬂageﬁfcwdmg BU5i ng one
or nmore charge p@hgrgs: puyap power supply input ievels had desiced oharge pump d, t he
practitioner oft utgiegsleld.0 generate a nunber of voltages from one
avai | abl e power Eor, xanpl e, conputer nenory
circuitry m ght readi ng, another voltage for
witing, and yet a thArcurient trage irf the electrinies industry isite red;mrtpe power

gd ]gfer nat 't Vfl Y, d'r?étﬁféﬁ'i&n@ﬁﬂiﬂfﬂ%ﬂfea cieutripe lﬁ%mrtterre@oe%t gsu§ﬂ ?s
| eren ypes Q ne ower renents a
differ from each°8pﬁlérppté%¥1 'ﬁéﬁ‘ﬁ&'“ﬁ%ﬁ'ﬁﬁﬂeﬁp ‘X%&é?"ed to us%sfewry vol t age.
Anot her factor t yotagessupply eivels sushiasrs. agoltsntr@gﬁam,f(ﬁ volise fariexample. t hat
even though a trend rmuinz dnaehtmtsehmaweraamra%ﬂagwgmﬁr tAan that

DR Sbi Shod paec AARTEY o BHEP YRR Lo ipind  PLPIMORT R .
al though a curr efflectical KW&%PW’HQ‘@&AMSO@Y memany|(tastoREPROMY| v
requires approximately 12 volts for erase and programming operations.

Charge pump technology permits the generation of voltages
having a magnitude greater than that of the power supply. Through the
use of charge pump circuitry 12 volts can be generated from 3.3 volts by
using one or more charge pump stages.

In the electronics field, the practitioner often needs to generate a
number of voltages from one available power supply voltage. For
example, computer memory circuitry might require one voltage for
reading, another voltage for writing, and yet a third voltage for erasing
the memory. Alternatively, different components of the computer system
(such as different types of memory} may have power supply
requirements that differ from each other and from the available power
supply voltage.

Another factor to consider when designing integrated circuits is
that even though a trend might indicate a general acceptance of a
progression towards another power supply level, there may be an
established base of circuitry that will not readily change. For example,
although a current trend may be moving towards a 3.3 volt power supply
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system there nay be an established base of hardware dependent upon a
5 volt power supply. ' One prior art nethod used to generate

mul tiple higher voltage | evel s froma single power supply voltage is
to use a nurWWeP7THI6L har ge punmp circuits each havi ng PERTUSRAF7SIunber .
of stages. One di sadvant age of this nethod Is that each charge punp
circuit requires a dedicated space in the integrated circuit.

Anot her di sadvantage is that the integrated circuit m ght not be
able to be interchangeably used with both a 3.3 volt power supply
and a 5 volt power supply w thout additi on®r external circuitry. For

exanple, a manufacturer mght find it advant ageous to provide a
singl e flash nenof¥pteRoiere mayhe angsigblished ba%dm&wa@m%nbworpow
suppl i es. a 5 volt powrisapplyri or art nmethod used to generate nultiple

hi gher vol t age . ' S A .g to use

one char ge punp OfY Blicr art piitfod o6l £ GENGEreHARDl6 HiBhorihags :

generate a vol t ag@VeI§fom a single power supply veltage isdg use anumbeipfichame)y usi ng

\C/ﬁI tgge gi Vi 1(::Ier npump clreuitsieach having afixed auimber of ktb.géi_ﬂe()ﬂerdléﬁ\ﬁdhtﬁt punp.
e di sadvant age e

vol tage di vi der n@{"\'/\‘fﬁﬁbét.h%ﬁ%m%%&ngﬁa@cﬁ%?ﬁ%@hﬁ%&??&%a@ fixed

stage method typi $RAGLyINdhe integrated circuit. Angther gisagivantage isthat haer suppl y

vol tage to acconmintegratedmoirchit might not bepable to be teschangéatiy used with bottSUMVARY

b A T"Es‘.égyﬁ{\g!txmesupply and a 5 voif pi@és QH??I whAGiR deldifopg) PUP i S

descri bed. The vari.a har ge” pu | udes fi rs[ and second
charge pumps. A f?*‘gfnagﬁsf‘i‘@‘%" F°"°xa"&f§ﬁvpﬁ g?"ﬁf?%ﬁ?bmgmﬁmgﬂe first charge
punp to an input advantageossdogprovide a singfie flgsh memory produmo tithtcouldch coupl es
an input of the fé@nvﬁb&%}ﬂ%ﬁemmp Wl SudpRed he i nput of the second charge
punp. The first an sglﬁr?n . c%a';‘g‘te ﬁn@s are series-coupled to a
common out put node wheNNQtREF prior art method u genetate multiple higher yoitege, and
t he second swi t chlevelsifrona assingle gower supply weltageois.to Tise dnierchiargegumpcond
charge punps are @iuitlthal useduPtigel fdmbéeof stages to%yﬁ@%embem. when t he
first swtch is ig,the ﬁecopd P03|t|on a&% . thedsegond svmtcih is in
the first positio .hervo age levels are provided by using voltage divider networks in

conjunction with the single charge pump. One disadvantage of this

method is that power is wasted on the voltage divider networks. Another

disadvantage is that the fixed stage method typically sacrifices

performance at one power supply voltage to accommodate another

power supply voltage.

SUMMARY AND ORJECTS OF THE INVENTION

A variable stage charge pump is described. The variable stage
charge pump includes first and second charge pumps. A first switch
coupies an output of the first charge pump to an input of the second
charge pump. A second switch couples an input of the first charge
pump to the input of the second charge pump. The first and second
charge pumps are series-coupled to a common output node when the
first switch is in a first position and the second switch is in a second
position. The first and second charge pumps are parallel-coupled to the
common output node when the first switch is in the second position and
the second switch is in the first position.
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OmEOBIECr 15 1O provide a Tharge punp that Tan accormbaat e different
output levels for a given charge punp power supply input |evel.

Anot her object is to provide a charge punp that can accorrrmdate a

gi ven out pulolefyRike fOr different charge punp power BRI/ s R Ut

| evel s O her objects, features, and advant ages of the present
I nvent i on wi |l be apparent from t he acconpanying drawi ngs and from
the detailed description that foll ows bel ow. BRI EF DESCRI PTI ON
OF THE DRAW NGS The present invention is illustrated by way of
exanpl e and not limtation in the figures of the acconpanying

drawi ngs, in which |ike references indicate simlar elenents and in

whi ch: FORe bBjeét is'th '15?(?\5:&6 ﬁ%héml ekﬁat%aﬁ%cﬁﬁﬁ&i&ﬁté’“”p

Figure 2 illustr I r udi n st age punps
for supplying po ab g H&*’kké’ﬁl ¢charge pu "E% E[fﬂﬂ’_@m'PTl ON
Figure 1 illustrates mnmeutnem pmmde aahamblwmﬂngbcmhar ge punp.

Vai rabl e stage Ciaionfnddde (e.qg.,
162, 164). These rungg g@ c 09“ Bﬁipﬁgmgﬁﬂgfﬁgﬁ?ﬁ\a]%ﬂg&igfomr (160)

and common out pu“f ach rung includes a charge punp. For
exanpl e, rung 162 i n@l!leegbpnm teatyrespard advantageswofghea present inventiar udes

charge punp 120. wﬂaé‘éhﬁék’téﬂ@fr@ﬂ'me b6 ﬁﬁ‘arﬁmg’@éﬁd from theldet&fedSt ages.
In Figure 1, the ég ﬁé" ﬂ%‘?‘%ﬁ%‘gllo I's made up of seri es-coupl ed
charge punp stag cfiptor, ¥Wecond char ge punp (1 20) is made
up of series-coupled charge punp stages 122 and 124. A power supply

vol t age, Vpp, prpR NN ©common i nput bus 160.
Afirst switch (130) e, out ut of the first chetlrge

i ‘ |
punp is provided as &I b‘ﬁHa'@H yg'ﬁa’bﬂ ampig aog e
switch (131) is limeationdn dbe figuresiet thegeroropanying drawings, imwhish fikenp t o
Vpp. Switches 13Rferencdsiihdraty sitilaneRinients ahdigwhivhips 110 and
Figure 1 illustrates a variable stage charge pump.
Figure 2 illustrates circuitry including variable stage charge

pumps for supplying power to a flash memory array.

RETAILED DESCRIPTION

Figure 1 illustrates one embodiment of a variable stage charge
pump. Vaiiable stage charge pump 100 includes a number of “rungs”
(e.g., 162, 164). These rungs are coupled between a common input bus
(160) and common output node 150. Each rung includes a charge
pump. For example, rung 162 includes charge pump 110 and rung 164
includes charge pump 120. Each charge pump includes one or more
fixed stages. In Figure 1, the first charge pump (110) is made up of
series-coupled charge pump stages 112 and 114. The second charge
pump (120) is made up of series-coupled charge pump stages 122 and
124. A power supply voltage, Vpp, provides the supply voltage to
common input bus 160.

A first switch (130) controls whether the output of the first charge
pump is provided as an input to the second charge pump. A second
switch (131) is used to couple the input of the second charge pump to
Vpp. Switches 130 and 131 control whether charge pumps 110 and
120 are series-coupled or parallel-coupled. The variable stage charge



120 are series-coupled or parallel-coupled. The variable stage charge
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100 may al so be identified by the expression "X' stage punp". I n such
a case, the "X" refers to the nunber of rungs (and therefore the

maxi num nuntwomzsiisbxed stage charge punps) that nay be coRFT&IS$96/1$753
series. The "Y" indicates the number of stages for each fixed stage

charge punp. Thus "X times Y" indicates the maxi mum nunber of st ages
that can be coupled in series between the common i nput bus and the
common out put node. In this exanple there are 2 rungs. Each rung has
a charge punp with 2 stages. Thus, vari abl @é-stage charge punp 100

m ght also be referred to as a "2/2 stage punp". The 2/2 stage charge

punp can coupl e apimpd@0 maygise bmideaﬁﬂedsb)othetaxpression “X¥¥rstage pumpr.ed
stages can be par étﬂ:'h :-Pé‘é&ﬁ b Ho rbfb?s ibtt'ﬁﬁrmﬁr‘ﬂfbr of rung %ﬂ?ﬁrﬁfb‘r‘@h@

st ages. her e re\’ag&) 0Si t|o inatl o f or

swi tches 130 maxmnfsgp §W?¥W@s§ Mohr ase
"on" when smietsr rTheg ™" ondmtesﬂwnumbemfdstaw foreach fixad stae swi t ches
provide a r@ 'Hurrfbathausﬂ?@tlrﬁa!i Q’Sihdiéhflés tﬁmﬁmﬁﬁxfn?hﬁin%r bP swi t ches

130 and 131 sthat t he i ches en ci.rcyuit state. In
other words, the stage aé\ﬂaf’a?e‘? jfv& F%ef &\9 g &H‘RQHF to flow
t hrough them | n andthe commosmutpliitmede, mmis ehatnplbaﬁemrm'ejzamngSe Each

| mp) enent ed from Ritigthasi Arge pump whAD R8GELICTRIS, VaRlbbl Slddirendrgansi st ors
(MOSFETs). In order t Q ensu est range.of,yol t ages
can be passed by REER %?aﬁa be referre%ltgfs W%?P{agﬁrwiboméode 150 is
used as the cont r slagechargespurpican couple all ivaSsETesin series or two By

choosing a differ gafesfbsupd 529 e§%ﬂh HeOSdrhfe toGpI8aItB e Bfher Wb e
nunber of stages ggd t he @%%Bbggg t he charge punp stages to each
1 ow

ot her can be vari 28NeStHM i ndicates the results of the four
conbi nat i ons: There are four possible position combinatipms foriswitches 130
Swi tch Swi t chand 181 fwitSpdtitidhs tirkEefwilSsWitéhies). The phrase “on” when130
131 110 g &hd e réUici

N ocfe erring to switthes 130 and 131 means that the switches p ea

current path. The phrase “off" when referring to switches 130 and 131
means that the switches are in an open-circuit state. In other words, the
switches do not permit substantial current to flow through them. in one
embodiment, switches 130 and 131 are implemented from metal oxide
semiconductor field effect transistors (MOSFETS). In order to ensure
that the greatest range of voltages can be passed by MOSFETs 130 and
131, Voyrt from common node 150 is used as the control voltage to the
MOSFET gates.

By choosing a different one of the four position combinations, the
number of stages and the coupling of the charge pump stages to each
other can be varied. The table below indicates the results of the four
combinations:

TABLE 1

Charge Pump | Charge Pump
110 120

Switch
131

Switch
130
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-5- OFF ON . ON paral | el -coupl ed
to-chargepunp ' TTO N )

OFF ON series-coupl ed _

to charge punp 110 ON
ON N A ' From t he abov%?ﬂ@g ki both
switches ar e‘%)ﬁl,mgharge punmp 110 will be the only c argeﬁ%ﬁﬁn{)
provi di ng voltage to node 150. Thus, because charge punp 110 is a two
stage charge punp, this configuration of switches 130 and 131 wi ||
effectively result in a two stage charge punp. This configuration

m ght be used in a power saving nmodegi f charge punp 100 is otherw se
provi ding sufficient current and vol tage output |evels.

I-f switch 130 is off a ' i ' . cre—t Srmret

coupl ed so that charge purﬁﬂ:l 1P Il ed

comon out put node 150f Because poth 110 gnd 120 are t char ge
punps, this neans thatfcharg flour
stage charge punp havi pg—t# WO—F+-6 b g+ petfal | el .
In this configuration, i seriggpreaupledtfel v t he

sane out put vol tage at] node 150.| Because } 13 &harge pump
itde

approximately tw ce thp—a ' | POV b LLDNNIN

charge punp 110 was opkrat©Oho. ON svm'tch
131 is off, charge pu \ : : v nps 110
and 120 are series- Oﬁéﬁﬁe‘#ﬁb&%@e, lfboth.%%&&art@%efﬂ?ﬁé T vo’ﬁ‘?égg for
charge pump 120 WilIbebe oni~1AIge PRV RrAding Voltage 0,0008, 150 TAYE. punp 110.
Because both 110 bevdusé®Ghange pump $10uisea two stagelohagye pumpsthig hi s neans t hat
charge pump 100 WighligrahiBi of kliehed®1 3 and 131 Wl 6Hetidgl rGUA Mea figiP Wi th all
four stages seria %3/ CO%B ed. n_rt,hl S . con |%\t;ra I.Qn, charge‘ﬁéorrp 100
wi Il provide appri39EaaI0e PUMR. o Thif configuration miglt Deised n apoweyka as

t he previous two roode i chergeepump 10B4ds gtherwise providing sufficient current and

voltage output levels.

If switch 130 is off and switch 131 is on, charge pump 120 will be
coupled so that charge pumps 110 and 120 are coupled in parallel to
common output node 150. Because both 110 and 120 are two stage
charge pumps, this means that charge pump 100 will effectively be a
four stage charge pump having two sets of two stages coupled in
parallel. In this configuration, charge pump 100 will provide
approximately the same output voltage at node 150. Because 110 and
120 are paraliel-coupled, charge pump 100 will be able to provide
approximately twice the amount of current as was the case when only
charge pump 110 was operating.

If switch 130 is on and switch 131 is off, charge pump 120 will be
coupled so that charge pumps 110 and 120 are series-coupled. In other
words, the input voltage for charge pump 120 will be provided from the
output of charge pump 110. Because both 110 and 120 are two stage
charge pumps, this means that charge pump 100 will effectively be a
four stage charge pump with all four stages seriailly coupled. In this
configuration, charge pump 100 will provide approximately twice the
output voitage at node 150 as the previous two cases. However, charge
pump 100 might only be able to provide approximately 1/2 the current




. punp 100 night only be able to provide approxi mately 1/2 the current
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- were paral |l el -coupl ed. Table 1 indicates an "N A" for
the fourth configuration. "N A" i ndicates that this configuration is
not appli cNP8/3ause it shoul d not be used. |f boPRTASIS(EMIRs are
on, the first charge punp will be shorted out because its output is
coupled to its input and the supply voltage. . Such operation may be
harnful to the charge punp circuitry in this enbodi nent and shoul d be
avoi ded. Figure 1 also illustrates n-channel MOSFETs 140 and
“142. Transi stors 140 and 142 are co®hected in diode fashion between

t he out puts of charge punps 110 and 120, respectively, and output

_node 150. agwas thesasawhameharge pympsuthdsand 120 W8k t i ng each ot her out
when seri es- coupaealielicoupledanpl e, if switch 130 is on and switch 131 is

ff, ch I ) | ' -d
o eharoe purt gl it 6y o O i 9t

transistor 140. I f transist. 1 . ) woul d be
connect ed to nodRdigalgs thas dais contigiyation i§ rQ applicahie berause b shewldingt
of charge punp balUusebedbboth switehesiareon, the 1D chargepummpwill tie sishtedl 50,

this would resuldyi ; ; : ' to the
i nput of charge %Prgeéf%g%@ﬁﬁggfggﬁﬁ%&?ﬁm"\%ﬁgltﬁgrhg%gr%c ar ge

punp 120 i noper AUCHOPRRIIONIAY PRatmiyl ia the,eharge puB Gitpylter indRiscoul d
not ot herw se beambgdmentiand should be avoidéd.t h transi stor 140 in place, if

t he vol tage at node #@Qﬁéq 6 i rateif-chatri?lapl\ﬁ(ﬁ%%ﬂ ?‘?ﬁ'&&?.“ ode 144, no

current can flogrthro % tranal st or 0. L uati on when
the charge punpsirangistols 140 and 142 are coppeeted in diogs fashion,batweentheang 120
are seri es- couplontputs btcharge pympst 1 10ard 120, respectively, andd eutput abde t han t he

voltage at node b4 7rid pidyBniédhb A8red puiendfiSnorting edthgtfgFadine Vol tage

142w 11 conductvies SHSsreAuplar RASTEaDIe, EPHIR 06 aaang swich 1445 1o node
150 (I ess the t hofipshaige pump 48@ waduld bashorted outl withoutAliodescannected as t he
vol tage at node widistdSol NPirafsi@eh 7he wet haom dicd, ndas 134 ould Be does
not exceed the current volt g n o%? %EO Itgrazns‘?stor 140 gg .not _
conduct and wi | [°°Pf %X‘ém’@ S?lewq 14 would alsq 5@8’6%3?% PPYur ati on

of charge pump 120. Because the output of 120 is coupled to node 150,

this would result in the output of charge pump 120 being coupled to the

input of charge pump 120. Such a configuration would render charge

pump 120 inoperative and thus the series-coupled configuration could

not otherwise be obtained.

With transistor 140 in place, if the voltage at node 150 is greater

than the voltage at node 144, no current can flow through transistor 140.

This is the situation when the charge pumps are series-coupled. When

charge pumps 110 and 120 are series-coupled, the voltage at node 146

will be greater than the voltage at node 144. If the voltage at node 146

exceeds the voitage at node 150 by the threshold voltage of transistor

142, transistor 142 will conduct to provide the voltage available at node

146 to node 150 (less the threshold voltage of transistor 142). As long

as the voltage at node 144 less the threshold voltage of transistor 140

does not exceed the current voltage on node 150, transistor 140 will not

conduct and will thus ensure stability of the series-coupled configuration

for the charge pumps.
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UﬁTg'TUVTFﬁ""h‘Tr €snol d voltage IVLbI—I:_rs hel ps To reduce the vol tage drop

‘across transistors 140 and 142 and thus a hi gher per cent age of the
vol tage supplied by the charge punp stages wll reach out put node

150. Typi cayobgagsol d voltages for |l ow threshold vetrasssstiFETs are
usually less than 1 volt and typically range from 0.4 to 0.7 volts.

In one alternative enbodi nent, charge punp 100 is a negative char ge
punp providing voltages | ess than zero from Vpp. In such a case punp
stages 112, 114, 122, and 124 are negative charge punps. Vpp m ght be
system ground. In order to function propeizty, transistors 140 and 142
are p-channel MOSFETs in this enbodi nent. I n anot her

alternative embodi WEFlIlsmg Woav thréshiuid QoNdgEOMOSRETE; helps to rodugs theght be

constructed wt unp having y
stages. Thus thgvcnv' a%ﬁ%%m%ﬂ%ﬁgﬂggﬁgﬁ% é:%glglgahlghep punmp accordi ng
to the defi nltldPP"&BWﬂe opthesvotage; sugplied By ﬂ?%ﬁ'ﬂ#’&?epump stagegMilbt of the
first and secondretichioutre noti®d50. Typicak Threshoidwitages for lowtmethdldd into m

pum. Now ;“%Ewmgﬁgﬁ 2o el B a1 Vol ElsiEaly raoge H0FPT ° 1 2°

may be series- of-4 o yaiis. coupl ed. Furthernore, the rungs within
each set may be serl amneramaivb@mmmbmdchﬁm pumpMDe is a negatidesune a

vari abl e stage caie plHibrotindohégéd IS ndPLdo I Vee. In shfiRUICS one

fi xed stage charge har ge udes 2
seri es-coupl ed s@%@e@lmﬁﬁ?ﬁﬂeﬁé'@ 1‘24-212& agd 13&@5’9 "PEQ%VQlQha"Qe PUMRSADS
havi ng two st age¥ppayigiitdepsystdm grounau dh edderdo fandtiol propeariye ransigtors be

seri es-coupl ed. 140 and 142 ar%ﬁ-gﬂ%nﬂgln m@x@}g’f%@&}g hovvever into 4

sets of three Set 1S a % punp. Thi s means
that within the F"Wéé gwative gmbogiment, the variable stage Gharag i ons.
Either all six smagpsmlghtbecmsyrubmdamﬂphemgsnomrgspompsmm chrge of two

o o PP o Seged Tl el e o ) 0808”0

more easily seerPUmP according to the definiiion above. By seleciing an appropriate
subset of the first and second switches, the n charge pumps may be
divided into m sets of p charge pumps. Each set is now an “p/y” variable
stage charge pump. Now a variety of combinations can be achieved
because the sets may be series- or parallel- coupled. Furthermore, the
rungs within each set may be series- or parallel-coupled. For example,
assume a variable stage charge pump having 12 rungs. Each rung
includes one fixed stage charge pump. Each fixed stage charge pump
includes 2 series-coupled stages. This is a 12/2 stage pump. Thus 12
pumps having two stages may be paraliel-coupled, or all 24 stages may
be series-coupled.

The 12 rungs may be grouped, however, into 4 sets of three
rungs. Thus each set is a 3/2 stage pump. This means that within the
defined set there are two possible combinations. Either all six stages
may be coupled in series or three sets of two stages may be coupled in
parallel. Furthermore, the four sets may be parallel-coupled or
series-coupled. The various combinations may be more easily seen
using symbolic nomenclature. The nomenclature "S” and “P” indicates
whether the rungs within each set are coupled in series or parallel. The
symbols "J" and " indicate a paralle! or a series coupling, respectively.




pusi ng synbolic nonencl ature. The nonenclature "S" and "P" indicates
whet her the rungs wthi.n each set are coupled in series or parallel. The

synbols "||" and "-" indicate a parallel or a series coupling,
respectively. WO 97/ 12369

PCT/ US96/ 15753 Thus seven ot her possible conbinations using
these sets W@IHPG| | S| | S, : PI[|PI|Pl|P, S-S S S, and PCHUSSRSISES. p- P- P,
S-S P-P and SS-S-P. Two of the conmbinations (i.e., P||P|]|P|l]|P,
S-S S S) are redundant with the conbi nati ons achi evabl e wi t hout the
step of dividing the rungs into sets. Thi s exanpl e, however,
illustrates how at |east five additional power supply configurations
can be achieved by individually controllini subsets of rungs.

In addition to these various configurations, a subset of all the

rungs can be sel dbusgeven pthevipassiblerambinationstusingitieds setsyareeSIS[S|S.i ng

rungs ]lgfs') nglthe Wrsas-s-s,swpap@dpgsmpﬂb Ssmstntﬂhr'%%n@ s-fsﬁs-ﬁ\ﬂir%hl ng
emoff), less the r S e | variahl e stage

Charue pur. oo O e ARG BRI o SeL el AR R 07

all the stages acdmbinatiohsgehievallawithout thevstep of Hividindthepungs éfosetscui try

| apdmsinatbnag cpiof &
bonerand shoul d THE Sl k@i, RN paR'at bde 4 S0@BAal Bt (5

| N, | 0SS e, , O
The definition ofUPR¥ SRiIgUlIons saRdeAENAVet by indiisiyaly sageling
slightly. Previosubsetssfrungsnt the total nunber of rungs and each rung

was treated as a fixeg, sddcy £Holg VBHAR: cONfirdlBHE % bubdel of 81 fHd 0o

that by reconfiguring se of rungs - .eac I'n essence a 11xed stage
charge punp. TheM¥g5ean & elected, o nrayide ROWSF- aln ethetwarise By deselegling
charge punps, eacingshasiog tiyeiappropriaiecassaciatddesecond switdhes {i. ehoswitohing
serial Iy- coup! ed yidrify, less than all the rund3EdrAé D8ed iAAn¥ VRl Susdede char ge
punp with an appr grl ate : nWErBer 0 s%gﬁes ermis a c r\'cﬂlﬁ _Runp
circuit that can cﬁ "9 Rmp-, This might b used to Iqeébégmf”ﬁp"ﬂ?@d z)hg
circuitry irrespalithe stagestand aveitagaldreurrent dividepfarthe ppwbsedveitcuitye.  For
exanple, if 6 andg$2 NambrydiRRithsS vehEge and currbRUNEER ttaﬁ&fq E&%u\‘nﬂé’ | abl e
stage charge punp, "t he aeilﬁ r cgn.gﬁ%yl e . a c?ntro to the
svi Lches t hat wi PPWERANd shotld e efimingled. i gossible. i affiet 1o Fanserve’ pOWBE, o ng
of the stages to ensuffbededinitionof the aamingaopvention ¢fA%EY T nawchanrges

slightly. Previously “X” meant the total number of rungs and each rung

was treated as a fixed stage charge pump. Now, however, it is evident

that by reconfiguring sets of rungs - each set is in essence a fixed stage

charge pump. Therefore, “X/Y” now means X parallel coupled sets of

charge pumps, each charge pump in the parallel-coupled set having Y

serially-coupled stages.

Designing the variable stage charge pump with an appropriate

number of stages permits a charge pump circuit that can provide the

proper voltages for the memory circuitry irrespective of the available

power supply voltage. For example, if 6 and 12 volt supplies are

required from the variable stage charge pump, the designer can provide

a control to the switches that will switch stages in and out, or change the

coupling of the stages to ensure the appropriate output voltage from the

variable stage charge pump regardless of the input voltage. The control

for the switches would be-a function of the available power supply

voltage, Vpp, and the desired variable stage charge pump output

voltage. Typically the voltage provided by the variable stage charge

pump should be greater than the voltage required by the circuitry to be



vari abl e stage charge punp regardl ess of the input voltage. The control
for the swtches would be a function of the avail able power supply
voltage, V]err], and the desired variable stage charge punp out put

vol tage. Typically the voltage provided by the variabl e stage charge
punp should be greater than the voltage required by the circuitry to be
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power ed because sone | osses mght occur if the output of the variable
stage charge punp is regul at ed. ' I n one enbodi nent, a variable
st age charge punp m ght be used to provide the various voltage |evels
required by a flash nenory array. Al ash nenory array is made of up
menory cells including floating gate field effect transistor devices.

Th?fe transn s:ormbeeaawmibsbns ml?ht o&bﬂﬂm@dﬂuiphﬁoﬁhﬁé\jﬂ@laﬁleo[) ed on
a floating gate programed or erased) nay be
detected by i nterggg%wﬁggm&&ci&#gmated Di fferent voltage requirenents
are, needed by the fladhoneasbodipent afvariable stage nbaraafmmnugm;nﬂmdonm
nodes. A vari abl qogirgdge eiwarURWRagE levels requited By )a Masiithemopy akgy.t he

menory art Sys“?ﬁ%@%h@ﬁ%ﬁaﬁ%ﬁ&p%emow ﬁ'%aﬁéﬁ%ﬁawgﬁvéﬂ% s g,
Typi cal |y a fl asHieikptiest teansigioridevipgsdiThpse transistors cait ke pregramme
erase node wil| émgrthe@hamaoi@domkﬁ ﬂaétm@gareyanehﬁécor'fdmoﬁ I ash

The. convent | onal  (Idtaringt S Ut epi) THEF B3 cblART by S aioefil J7

The conventi onal
nenory requires tDiffetanhvokage @ﬂuwmgmwmeﬂed by dhe Hash mamonticals forof al |

of the nenory celthe differédtcopdratidnanimodes! Aevatiabiastage Ehamjespuang (oef t

floating I I
menory cells ar enrg" oﬁgﬁ %@p@@ﬂ@tﬂ&aﬁ ﬁfg)?iggg gﬁwgonages for each {“ﬁdgﬂ?oat i ng
gate to increase qmgtm@féherﬂas@mw agrayt eﬁ?e@‘?ﬂes '“C'Ud%m'wvcel .
Programm ng is tyyrogammingcand eeasity. appl yi ng approxi mately 11-12

(s el ot ot o1 e PR et i) i AR uocticgph@ LGl oo
el ectron inj ecti gifase mode will erase He_tmpERipgks of memanecel @adﬂtﬁ/ a8hnl yi ng a
fi xed vol tage to mémory cell is erased by removing excess charge from the fioating gate.

The conventional method of erasing all the cells in a block of flash

memory requires the application of 12 volts to the source terminais of all

of the memory cells in the block while the drain terminals are left floating

and the gate terminals are grounded.

Flash memory cells are programmed by placing excess charge
on the floating gate to increase the threshold voltage of the fiash
memory cell. Programming is typically achieved by applying
approximately 11-12 volts to the gate, 6-7 volts to the drain, and
grounding the source terminal so that electrons are placed on the
floating gate by hot electron injection.

Flash memory cells are read by applying a fixed voltage to the
gate of the flash memory cell in order to determine whether the flash
memory cell is in an erased or a programmed state. This technique
senses the drain-to-source current, ipg for the flash memory cell.
Reading -a flash memory cell typically requires the application of 5 volts
to the gate, 1 volt to the drain, and grounding the source terminal.

Thus, typical voltages required for flash memory applications
include 5 ‘solts for the read mode and 6 and 12 volits for both the



:gate of the flash nenory cell in order to determ ne whether the flash
menory cell is in an erased or a progranmed state. This techni que

senses the drain-to-source current, i[err] for the flash nmenory cell.
‘Reading a flash nenory cell typically requires the application of 5 volts
to the gate, 1 volt to the drain, and grounding the source term nal.

Thus, typi cWO%0RIAges required for flash menory appli cat iR§FUSI6NSTSI | ncl ude
5 volts for the read node and 6 and 12 volts for both the WO

97/ 12369 - PCT/ US96/ 15753
-10- program and erase nodes. In one enbodi nent, power for the flash
menory device is provided by two sources. These sources include a

V[err] line and a Vpp line. The V[err] 1i"A@ i s the pri mary power source for
the flash device. The suppl enmental voltage provided by supply |ine,

V[err], is typi cRiogamandarass mpdgse i ape embpdiment, B%‘f"ﬂbfof?f@ flasbor v

because of the himgieary deviceds provivediy Wy so18cés) OFResusyURLéINBlude ONne

mbodi t, V| ' | I | oSy s : 3.3,
S or 1o vol ts. Voo Mo EVLTRE Xbe VLR, i is Wprmaliipher SUAR G 7

Vpp, 3.3 vol ts i thegiask dgyice. The supplemantal vellageprevidad ibysuppht itge char ge
punps ni ght be i Wpps ityploatly needed onlyawierewfifingsbr emasing\thdenemeryi n order to

ol f ] . . ~Wi . S ¢ n
memory System | hOREsP brhd mahdr ggﬁ‘a@%%%@?ahaiﬂé%éﬁéﬂ%*ﬁ&& L abl o
to generate appr S&gﬁﬂmw- Yce &3 arprogmately 5 valis: ¥Yppahewaver, gight bedhds e t her
a 3.3 volt or 5 8pbdt12votsr supply. Figure 2 illustrates the

power supply circuitr ; drﬁfm{ | ' i 2. st age
charge punps for, accomdyzgthiasn%%ﬁg Y50) t1léfgstandard "5%*’%’%238"‘?5 %@'{"ﬁgvol t age
| evel from ei t hel? RORRIFtY.o Thejarigblpsstags,eharpe pumps might peyincorperated i abl e
stage charge punino thecflabhanemeory devicinasrdet fossimplify extemal svebittye o r ed

vol tages because im0l Bfm?"?"g‘nc U3 Bgppvor nd bt ! 1
i

addi ti on, reasona edﬁower S @I C / require that
the circuitry fuRB@PSHaeRYR 1q gepprate ARPeXimately 5 volts, i t hin a
gi ven per cent agevelfs, @and 12osits dfony aither 8 A.8%oltfon 5 voitpower supplyi s means

t hat the out put VO”""E@UH?W {}gteghﬁégswgg M“sﬁ%ﬁ%&%ﬁ memory, Vpp
\eeo

. 0 0
Vbp than nom nal Inckitiig YRlAhe S1A28 SPREDE PUBRS R ASCODRRIAING 2 5 YORS rcui ¢y
must be able to polbendel2 vait yoltagerievel froapeittmna 3.8 voit ot 5 veltegdowero
- supply. The variable stage charge pumps are designed to exceed the
nominal required voltages because its output is routed to a voltage
regulator. In addition, reasonable power supply tolerances typically
require that the circuitry function properly when the input voltage is
within a given percentage of the nominal value (10%, for example). This
means that the output voitage from the charge pumps must depend on
Vpp input voltages of 3.3 volts £10% or 5 voits + 10%. Assuming a
10% lower Vpp than nominal, this means that the flash power supply
circuitry must be able to provide the proper voltage and current levels to
the flash arrays from a Vpp ot approximately 3.0 volts or 4.5 volts.
In this embodiment, two charge pumps (210, 220) are used to
increase the internal node’s voltages to different voltages during the
read mode (5 volt charge pumps), the programming mode (12 voit and 9
“voit charge pumps), and the erase mode (12 volt and 9 volt charge
pumps). During the read mode when Vg¢ = 3.3 volts, the wordlines

must be pumped to 5 volts. The charge pumps are reconfigured



the flash arrays froma Vpp of approxi rfately 3.0 volts or 4.5 volts.

In this enbodi nent, two charge punps (210, 220) are used to I ncrease
t e rrermat—Tode S Vol Tages 1o arTTerent voltages during The read
node (5 volt charge punps), the programr ng node (12 volt and 9 vol t
charge punps), and the erase node (12 volt and 9 volt charge punps) .
During the r when V[err] = 3.3 volts, the wordline st be
punped to 5 S@F?Mhe charge punps are reconfigured SPCT%‘@s?%ZSGQ
PCT/ US96/ 15753 -11-

dependi ng upon Vpp (e.g., 3.3 or 5 volts) and the node of operation of

the flash nenory (e.g., programm ng and erase node). The st age
control for the variable stage charge purrps|1210 and 220 i s determ ned
by the operational node (i.e., erase, read, program and by the
Vierr] level. Lev and
V[err] levels. %"gﬁ‘?@@%ﬁﬁ’ t%’r%?é)g z%" he mg%%gg?&'yﬂaf

whet her Vpp is at ttseﬂaﬁh@emorn@gepmrammawemmnde)cat es a Vpp

of approxi mately 12 vofThé stagardonblobichtie 9andlié sfagewharg’fuinps 210 and  hi gh

Cree opernt | ons. 5%5?538%43%&%“%%3’?%‘%%”@%? rg'adgsw%f:@??@nmt an
vari abl e stage chfRFegram) gel IIPPdB\Wt |L8M9‘t‘39t€¢ﬁ9?39%30p8 anh2dg| vy
during program andewrmv auulv%slevé'lbemmvlsﬁ détbetovﬂaocibnmw S

ded t l:
br 06t ammi ng. a1 gor CPHTEINe, %ﬁ%f’vse A 5*585“5 GLFE . ThdleGlor 390 Hfcates o
may vary dependin P&[ﬂfrﬁwmﬁe r{}aﬂ atle stageghararoPuBRt2201i8 8t he
appropriate sw t clhigsh émremwaﬁam@ga??daa epamswmmnglthb rbée, progam,and

T

0
control ling power
appropriate sour c¥aga Ph'mPp'{'ﬁQQd“t%’d!tWé ‘PIQS@FGQT%‘BP 29y on
i nes 260 and 264dunng program and drase bpesdtione.nThy oatpmipfﬂmmﬁp deteptors i ded by

i nes 260, and 26 '&ﬂ’c%ﬂ | p from Vpp
pad 295 or 12 vol fspro dadt? &9 9bta§e%§pt r@%&( tes of the
flash cells. LineP@gramminga ﬂ& 1he ve 'feégea 'Wé dr ai ns
and sources duri ngay vary depengiagpog \ﬁspohmﬂé@@ Gpeumlasns:onb'olseth%z
supplies either Saugidntiate switches {e.g., switch 274) in accordance with the erase and

programming algorithms. These switches are used, for example, for
controlling power to charge pumps 210 and 220 and for selecting the
appropriate source of power to be supplied to the flash memory array on
lines 260 and 264.

The flash memory array power is provided by lines 260, and 262,
and 264. Line 260 supplies either Vpp from Vpp pad 295 or 12 voits
from charge pumps 210 and 220 to the gates of the flash cells. Line 264
supplies the appropriate voltage to the drains and sources during
programming and erase operations. Line 262 supplies either 5 voits
from charge pump 220 or V¢ to the flash memory device. Line 282 is
used to enable or disable Vg ¢ detector 232.

Voltage controlied oscillators (VCOs) 240 and 241 are used to
drive associated charge pumps 210 and 220, respectively. Vg 270 is
used to generate a reference voltage for the VCOs. The reference
voltage and feedback from the output of charge pumps are used as
control voltages by the VCOs to help control the output voltage of charge
pumps 210 and 220. VCO 242 serves as a standby VCO when the flash



fromcharge punp 220 or V[err] to the flash menory device. Line 282 is

used to enable or disahl.e Verr] detector 232. Vol t age
controlled oscillators (VCOs) 240 and 241 are used to drive

‘associ ated charge punps 210 and 220, respectively. VREF 270 is used
to generate a reference voltage for the VCOs. The reference vol t age

and feedbacWwg970a360he out put of - charge punps are used as PCT/USI¢RFTHY ol
vol tages by the VCOs to help control the output voltage of charge
punps 210 and 220. VCO 242 serves as a standby VCO when the flash
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I's in a standby node. The flash menory dr-d®s consi der abl y | ess
current in the standby npde The high current and the | ow

current variabl eMAMAK isiRa gandby modg, he tash memens drawseeonsidasably ng upon
t he operat i onal esgeument inlthe Standbt: magdenal | y detected val ues of V[err]

o i 2o o2 B A By SR

vari abl e stage char

nodes: pumpgire reconfiguradl depend @egaw@l@megan@mﬁ) (220)
V[ er ][] nominalliyddtected values of Vpp (| e.. 3. 3 or 5 voits). Table[@ iligsteates /
verify erase 18/ 3
3 3 18/ 3 the @r&:guratlons f%r/vgnable stage ﬁharge#%ﬁl 2%0 fc?rI c&'s%f%/ fvgp§ he

confi gurations f@ndpRerational Modes: char ge punp 210 for different Vpps
and operational nodesTABLE 2 - ngh Curreh\NaHable-StagevCharge Pumya{228bl e St age
Charge Punp (210) AVIEFST ST Mode
program verify erase | Vpp Mode 5 4/ B 4/ 3
4/ 3 3.3 /6 / '

Thus in the enbodi nent illus : L M or Séz

nom nal value of 5 volts, vayi &bl g stt8f® c argél&{&mp 21018/8he hi gh
current charge punp) is conf ge to‘g}gve 18 pgral | ¢l -cg;gal ed} sets of

stages, each set includin progr am
Table ||Iustrates the conflguratlons for variable stage charge

pump 210 for different Vpps and operational modes:
TABLE 3 - Low Current Variable Stage Charge Pump (210)

Vpp Mode
rogram veri erase
5 4/3 4/3 4/3
3.3 2/6 2/6 2/6

Thus in the embodiment illustrated in Figure 2, when Vpp has a
nominal value of 5 volts, variable stage charge pump 210 (the high
current charge pump) is configured to have 18 paraliel-coupled sets of
stages, each set including 3 serially-coupled stages during the program,
verify, and erase operational modes.

For the read mode, low current variable stage charge pump 220
is not used and can be turned off. During a read operation Vpp might be
zero. Theraefore if high current charge pump 220 is needed it will
receive its power from V¢ instead of Vpp during the read mode. # V¢¢
is less than 4.0 volts (as determined by the 3/5 volt detector 232}, then
high current charge pump 220 is needed to provide 5 volts for the
wordlines (i.e., gates of the flash memory celis) on line 262. in such a
case, charge pump 220 is in the 18/3 configuration in this embodiment.



verify, and erase operational nodes. For the read node, |ow

current variable stage charge punp 220 ~Is not used and can be turned
off—DurtTy~a TEad operationm V[ err] mgnt De zero. Therefore if high
current charge punp 220 is needed it wll receive its power from
V[err] instead of Vpp during the read node. If V[err] is less than

4.0 volts ( ined by the 3/5 volt detector 232), thgRrusesnsrsshi gh
current cha?eg%gﬁ}lfgn%mﬂo is needed to provide 5 volts for tﬁée)r

wordlines (i.e., gates of the flash nenory cells) on line 262. In such a
case, charge punp 220 is in the 18/ 3 configuration in this enbodi nent.
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O herwise, V[err] is presuned to be sufficient and line 262 is switched to

provi de the wordln &l ' : : EEW 220
(which can be t ulrdr%e ) o%'%’S&@ﬂ%‘??%%@%‘g@&@iﬁ?ée% : iihed 157
Wth respect to PrRYidaihedvergine voltagetmm Vemibsteadaidram fiarge pump P2
msrm][y tCI r cgl t_r%/ #vhih? céd betbrdséfbecatisalivie noLIBRge reGliréd)y M ght be
manuf act ured w t hin S LaY.
Alternatively, the vapﬁ%@gsgﬁgégﬁgﬁﬁégﬁﬁ%bﬁs EW%G%H?@@ | ocat ed
external to the fipshkmemansoircyitrytheyarirblgstage charge pump cifguitiymight bedi ng
det ai :c ed descr : Pmanufadtivediwithimitieosame paexayel d-whe flash mavnbly dredyer ence fj 0
speci fic exenpl ar, ts . ther - evi dent
t hat vari ous nod #F@ﬁﬁigg'kgﬁgnv}"%ﬁgnggée ﬁ'ﬁérgged Jmp cnrwﬁt%gﬂqlﬁﬁlp 85*\(/3\,1dt hout
departing from t G¥tesRal e the Hash memoRyaray package: he i nvention as set
forth in the clainms. [htheqrecading dbtatiod dascription] tresinaetion is descaerdr di ngl vy,
to be regarded i Qiffoldrbitd fopetffic'eRbhiplary Bibodirh&ims tdrbbt Gt win,  Sense:

however, be evident that various modifications and changes may be

made thereto without departing from the broader spirit and scope of the

invention as set forth in the claims. The specification and drawings are,

accordingly, to be regarded in an illustrative rather than a restrictive

sense.
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What is clainmed is: 1. A vari abl e stage charge*pufp icomprissi mg:

‘a first charge punp; "~ a second charge punp; a first
switch coupling an output of the first charge punp to an I nput of the
second char w® 9712389 . a second swi tch coupli ng RAT/HSIFIATSDI t he
first charge punp to the i nput of the second charge punp;

wherein the first and second charge punps are series-coupled to a

common out put node when the first swtch is in a first position and the
second switch is in a second position, wherein the first and second
charge punps are parallel-coupled to the-témmon out put node when t he
first swtch is in the second position and the second switch is in the
first position. CLAIMS 2. The variabl e stage charge punp of claim1l

further conpri siwgatis claimed is: a first diode-connected netal -oxide
sem conductor field-effect transi stor coupl ed between the output of
the first charge punp and the comon out put node; and a

second di ode- conpect sih§ el d-effect
t ransi st or couplngd b?\k’g@%ﬁén %?Eénpﬁﬁ'ﬁ; Se on{‘]ébharge punp and
t he common out put noddfirst charge PUS‘P- The variabl e stage charge punp of

claim1l wherein the fa seaommharge pumpecond switches further conprise | ow

threshold voltage metapep %&cagplmp%t{[&ﬂ%%é’ﬁrsﬁ ?ﬁ{l‘éb?u?ﬁfto an 4.

The variable sta e char e whereln a of the
first and secondn@ FhRATIBBARMNRS plurality of seri es-coupl ed
st ages. a second switch coupling an input of the first charge pump to the

input of the second charge pump;

wherein the first and second charge pumps are series-coupled to
a common output node when the first switch is in a first position and the
second switch is in a second position, wherein the first and second
charge pumps are parallel-coupled to the common output node when
the first switch is in the second position and the second switch is in the
first position.

2. The variable stage charge pump of claim 1 further comprising:

a first diode-connected metal-oxide semiconductor tield-effect
transistor coupled between the output of the first charge pump and the
common output node; and

a second diode-connected metal-oxide semiconductor field-effect
transistor coupled between an output of the second charge pump and
the common output node.

3. The variable stage charge pump of claim 1 wherein the first and
second switches further comprise low threshold voltage metai-oxide
semiconductor transistors.

4, The variable stage charge pump of claim 1 wherein at least one
of the first and second charge pumps includes a plurality of
series-coupled stages.



C L M WD 97/12369 ' ;
o ks s E— T
ge pum;

ge char ge punp conprising.

n charge punps, wherein n is greater than one; _ n first

swi tches each associated with one of the n charge punps, each of n-1
first swtclgy gé pling an input of one of n-1 charge pU”B&rmsgms‘:Js° an
out put of a preceding charge punp of the n charge punps, one first
switch coupling the input of one of the n charge punps and an out put
of the first charge punp; n second sw tches, each second
switch coupling the input of one of the n charge punps and an i nput
of the first charge punp; whgy.ein the first charge punp and a
gi ven charge purrp of the n charge punps are series-coupled to a

common out put nagl \A,?@paﬁd%sta echg;&)ﬁmﬁgqgn{dhﬁ .switch with the given

charge punp is |n a E S| |on Ssoci at ed second switch
is in a second p05|t| & PHMp first charge punp and the given
charge punp are par alneharga)ppdnpd Wberemmsgi'wterdhamnnapt put node when the

associ ated first svmt gE t&!és@achassocémﬁa §b§fr@h@ﬁé’rpbgﬁtn?§°c' at ed
l'e s

second sw tch |s | rst, posi t age
charge punp of (ﬂ rﬂE’)"T ?sfﬁ\é'}tg'&%ﬁﬂq ng,gn mputofoneofn-‘l ﬁhﬁ'gPﬁ“mps

di ode- connect ed tomnadutputial@ m'emdmgndhangerpmmpbﬂthefli eleirge pumps; oaeisi st or
coupl ed bet ween Jf«a%mwpmg h8nbur'Gtlond A1 nidh pdlendan  cOMMON

out put node; connect eg net aI OXI de sem conduct or
field-effect °Utp'ftr°<§H§'ér§59lla'9%QBH‘pcoupl ed between an output of one of

t he anC har ge purrpacmmlswitotlespamhwsenmptswmbmeuplmg the input.of onfiheh
vari abl e stage of the n
first and segon?}gﬁﬁ?&g‘?&fﬁnﬁg ?h(?:ngﬁ '%gg? gﬂmpd vol t age
net al - oxi de seni condd@t%? nhe, gsfglg%rlge pump an 329“’9 ﬁ?‘?@g@gl‘ MRRfENe Mage
charge punp of dtharge pumhs e serigs-ceupled tona common odiputmoderwhemshege punps
includes a plur aigsh¥iateld 8t svitfchGAPHHRGiIVERERITge pump is in a first position

and the associated second switch is in a second position, wherein the

first charge pump and the given charge pump are parallel-coupled to

the common output node when the associated first switch is in the

second position and the associated second switch is in the first position.

6. The variable stage charge pump of claim 5 further comprising:
a first diode-connected metal-oxide semiconductor field-effect
transistor coupled between the output of the first charge pump and the
common output node; and
n diode-connected metal-oxide semiconductor field-effect
transistors, each coupled between an output of one of the n charge
pumps and the common output node.

7. The variable stage charge pump of claim 5 wherein at least one
of the n first and second switches further comprises a low threshold
voltage metal-oxide semiconductor transistor.

8. The variable stage charge pump of claim 5 wherein at least one
of the n+1 charge pumps includes a plurality of series-coupled stages.
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A nmenory devi ce conpri sing: an array of

‘a variabl e stage charge punp conpri si ng: a first charge
punp; a second charge punp; - a first
swi tch coupwofj/1a¥9out put of the first charge punp to PCTAB%/HI%% of the
second charge punp; a second switch coupling an input of
the first charge punp to the input of the second charge punp;

wherei'n the first and second charge punps are series-coupled to

sel ected nenory cells of the array of nenory cells when the first
switch is in a first position and the secthd switch is in a second

position, wherein the first and second charge punps are
paral | el - coupl ed®-t o tmesuire devige eomprigingel | s when the first switch is in

the second position nchrrdycofTREMBEY 6dlisi Ch is in the first position.
10. The nenory devi ce of im 9 erein the array of nenory cells
i ncl udes nonvol ati | ear?éﬁﬂﬂb@ %@P@%@%S?@Pﬁ&%ﬂrﬁgﬁyng gate field effect
transistors. 11. afirst oharge pumpyi ce of claim 10 wherein the

vari abl e stage char gesgegi@ cha mpoNpri ses: a first
di ode-connect ed net al - oxi d em'.é:ﬁ? uﬂ]or fields tranii st or
™

ejtect
coupl ed between the out puf ng. %Py “b&%’ejﬁﬁ qhaoe pump e iy
out put node; ancdan input of the second chagadumpide- connect ed net al - oxi de

tsﬁm condugt Ol’h fiel d-ef f ecta second sWiteh ebapiing aq-p![ﬂp{,f@[ thgtﬂ?&%hai’gb gmi,gut '(I)'L
memory. devi ce. ofOaa TR BF hesesend BeeBRER:C . sccond B
wharein the first and second charge pumps are
series-coupled to selected memory celis of the array of memory cells
when the first switch is in a first position and the second switch is in a
second position, wherein the first and second charge pumps are
‘parallel-coupled to the selected memory cells when the first switch is in
the second position and the second switch is in the first position.

10.  The memory device of claim 9 wherein the array of memory celis
includes nonvolatile memory cells comprising floating gate field effect
transistors.

11. The memory device of claim 10 wherein the variable stage
charge pump further comprises:

' a first diode-connected metal-oxide semiconductor field-effect
transistor coupled between the output of the first charge pump and the
common output node; and

a second diode-connected metal-oxide semiconductor field-effect
transistor coupled between an output of the second charge pump and
the common output node.

12. The memory device of claim 10 whersin the first and second
switches further comprise low threshold voltage metal-oxide
semiconductor transistors.
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The nenory device of claim 10 wherein at | east one of the f| rst
second charge punps I ncludes a plurality of series-coupled stages.

14. A menory, conpri si ng: an array of npepLKedRYdsS;

a variable s ge charge punp conpri sing: a first charge

punp; n charge punps, wherein n is greater than one;

n first switches each associated with one of the n charge punps, each
of n-1 first switches coupling an input of one of n-1 charge punps to
an output of a preceding charge punp of thg.n charge punps, one first
switch coupling the input of one of the n charge punps and an out put

of the first charge p u’memorydev][ce of claim 1%wﬂel§ﬁﬁ9ﬂga§t‘%ﬁecaﬁﬁ pgch second

switch coupling the I np

an i nput
of the first charff® ﬁﬂ?ﬁﬂd charge pumps includes a plyral; %Phgqu?éﬂq“pﬁ&q%ﬁﬁ?ﬁe punp

and a given charge punp of the n charge punps are series-coupled to
sel ected nmenory cells of the array of nenory cells when the

associ ated first 1w taqmmwﬂﬁ\ecgm@nnsmg charge punp Is in a first
position and the assognhaneg of evemorysesilisch is in a second position,
wherein the first char punp are

paral l el -coupled to t Re "%ﬁ@ﬁ%f’b%@%@&ﬁ@ﬁh@ﬁg associ ated first
switch is in the second po8ffitstGHat9PUMR associ at ed second switch is
in the first position. n chargbSpumps) aviigremryisdguatee tiein oiegi m 14 wherein

h rr f r |1 [
tcorGrp?l s?%gof I ggtn?n)én Cgt esf | ef'ét sv#nfﬂeg%%ﬁh %QE&{:%@& VJ"?’ MIﬁe%éﬂa?ge
, each of n-1 fu'st swnches coupling an input of one of n-1 charge
pumps to an output of a preceding charge pump of the n charge pumps,
one first switch coupling the input of one of the n charge pumps and an
output of the first charge pump;
n second switches, each second switch coupling the input
of one of the n charge pumps and an input of the first charge pump;
wherein the first charge pump and a given charge pump of
the n charge pumps are series-coupled to selected memory cells of the
array of memory cells when the associated first switch with the given
charge pump is in a first position and the associated second switch is in
a second position, wharein the first charge pump and the given charge
pump are parallel-coupled to the common output node when the
associated first switch is in the second position and the assocciated
second switch is in the first position.

15. The memory device of claim 14 wherein the array of memory cells
includes nonvolatile memory cells comprising floating gate field effect
~ transistors.

16. The memory device of claim 15 wherein the variable stage
charge pump further comprises:

a first diode-connected metal-oxide semiconductor fleld-effect
transistor coupled between the output of the first charge pump and the
common output node; and
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the first charge punp and the comon out put node; and
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transi stors, each coupl ed between an output of one of the n charge

punps and the conmon out put node. 17. The nenory device of claim
15 wherein at | east one of the n first and second sw tches further
conprises a low threshold vol tage net al - oxi de sem conduct or

transi stor. 18. The nenory devi ce38F claim 15 wherein at |east one
of the n+l charged%)urrps includes a plurality of series-coupled

st ages. n ciode-connected metal-oxide semiconductor field-effect -

transistors, each coupled between an output of one of the n charge
pumps and the common output node.

16. The nenory device of claim15 wherein the variable st

punp further conprises: a first di ode-connect qm‘!ﬂt"mum:mlﬂml :
Pt OT *
WO

17. The memory device of claim 15 wherein at least one of the n first
and second switches further comprises a low threshold voitage
metal-oxide semiconductor transistor.

18. The memory device of claim 15 wherein at least one of the n+1
charge pumps includes a plurality of series-coupled stages.



