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METHOD AND APPARATUS FOR PROVI DI NG AN ULTRA LOW PONER

REGULATED NEGATI VE CHARGE PUWP BACKGROUND OF THE | NVENTI ON

Field O The Invention This invention relates to conputer systens,
and nore particularly, to nméthods and apparatus for providing a

preci se regul ated voltage froma charge punp while expendi ng an
extrenely | ow amount of power. : H stary O The Prior Art There

has been a recent trend toward | owering the power requirenents of portable

computers. |0 oheribp ARGHLEP RAATUSROR PRROVAMNAANURTRATEOW PR RC
circuitry used ' personal BErUlATED NEGAET ] i [ .
vol t age levels. The CITcu Yy an onents USed I n portable
conputers are being. . designed to operate at voltage |evels such as 5
votts and 3.3 BACKGROUNDI@F MHBINVENTIQNeat deal to reduce the power
needs of such conputers. However, some of the features of portable
conputers require vol tages higher than t hese supply vol tages. For
exanpl e, fl ashEweldOf The fveptien asabl e programmable read . only menory
(flash EEPROM nenory) has begun to be used as a new formof Iong term

random access stoage. An exanple of a flash  EEPROM nenory whi ch
may be used .nT“ﬂme\ée'@pnaclwg;»&p@r%nvt%rrwvémsmé@erﬁ.n&&t&twlyuto @etmasm

~apparatus for providing a precise regulated voltage from a charge pump while _.

expending an extremely low amount of power.
History Of The Prior A

There has been a recent wend toward lowering the power reqixiremmts of portable
computers. 'In order to reduce power consumption, much of the integrated
.cireuitry used in personal computers is being redesigned to run at low voltage

- levels. The circuitry and components used in portable computers are boing

~ designed to operate at voltage levels such as 5 volts and 3.3 volts. This. holps a

great deal to reduce the power needs of such computers.

However, some of the fe‘mlrcs of port.tble computers requrre volmges hlgher than
 ' 'thesc supply voltages For example, ﬂdsh elecmcally—erasablc programmdblc read
_only memory (ﬂa.sh EEPROM memory) has begun 10 be used as a new form of
""'lon g termi r'indom iiccess stor'ioe “An example of a ﬂdsh EEPROM memory array
~ which may be used in place of a hard disk drive is desc.nbed in U. S. Patent
Application Serial No. 07/969, 131 enmlc:d A__mmmgumy@r_:ﬁ_smm
State Memory Disk, S. Wells, filed October 31, 1992, and assigned to the
-assignee of the present invention. Such an array proviries a smaller lighter

- functional equivalent of a hard disk drive which operates more rapidly and is not



Application Serial No. 07/969.131, entitled A Method and ( i or A
Solid WO91287ite Menory Disk, S. Wells, filed October 319@%%%%&'5

assigned to the ~ assignee of the present invention. Such an array .
provides a smaller |ighter functi onal equival ent of a hard disk drive
‘whi ch operates nore rapidly and i s not - WD 95/ 26071
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as sensitive to physical damage. Such nenory- arrays are especially useful
in portabl e computers where spaceg;is at a prem um and weight is

i nportant. These fl ash EEPROM nenory arrays, however, require nuch
hi gher vgl tages and = .. substantially-nore power for_ progranmng and
erasi ng data tha n_.he.: .-\{l,& d Quimh vrarmdd & Mo B¥helhif batderi es of | ow
power ed por?SaSSP%‘HX‘gEPp%‘BE‘Fg@ e Suc 55“83”‘5’3 Sls#eng%?e"égﬁ ?gécrhﬁﬁ portabl e
conputers t o, apQvi yHRre/PatelG i pR#iBm and weightGQWRhpotednt a¥RessoUr Ce.
However , onéopro%@gﬁ?@meth u]éei%{;;i chargg-_p'urrps is. tﬁat :t..h%- - svoltage

| evel provi g BEPROM HeRIdry iyt Ribeve T8guiteomyet Mighebediages #id y from a
desired val ue. The output of a 'charge punp is furnished in a series of

charge subsREtiFBEmoRd powerfér rogranhing apd erasitlg datasthan cn hegprovided  The
charge punp generates - this formof output because the output stage
functions i girédilg byahe bauesles af kivopevered portablcarhputatsy transfers charge to
the output in a properly biased condition. This - = " creates a voltage
ripple on the output of the punp when the current requirenents are
hi Iglh r el at i Change pungs oy dei usethinepostbleompyieds topEide arhigh yRltagefisma vol t age
Wi : _
lower voltage source. However, one problem with using charge pumps is that the
voltage level provided at an output terminal tends to vary substantially from a
desired value. The output of a charge pump is furnished in a series of charge
pulses which are stored to provide a source voltage. The charge pump generates
this form of output because the output stage functions in the manner of a diode
which only transfers charge to the output in a properly biased condition. This
- creates a voltage ripple on the output of the pump when the current requirements
are high relative to the'?'capa_c'it'anc':e of the load. .Mo_reo-ver,_the output voltage will
vary for different source voltages, temperatures, m:minfacturing. processes, and
load currents. On the other hand, it is necessury to provide very accurate voltages
| N _fqr'programmirig and erasing the ¢el_ls _of at‘hsh EEPROM mgmpry array ‘This
problem make it desirable to attempt t_d_ _rtf:'gnl._:_l'z_itc. the o_h;p_qt vdl;_:ig; prov1dedby '
. charge pumps to obtain a relmive_ly cbnst_an__t value over rz_l'njgéél'of -'soix:rc':e_ voltages,

temperatures, and manufacuring processes. .

- Another way in which the power requirements of the flash EEPROM arrays have
been reduced is through the use of negative gate eras¢ techniques.- These
techniques reduce the amotunt of current required during the erase of the flash -

EEPROM memory array and thereby reduce the power used. Consequently, it is



vary for different source voltages, tenperatures. manufacturing. processes,
and WQH26Tt rents. On the other hand, it is necessary POI/USSN3IR
very accurate voltages for progranm ng and erasing the cells of a

fl ash EEPROM nenory array. This probl em make it desirable to attenpt
to regul ate the output voltage provided by charge punps to obtain a-
rel atively constant val ue over ranges of source voltages, \
t enperat ures, and manufacturing processes. Anot her way in which the
power requirements of the flash EEPROM arrays have been reduced is

t hrough the use of negative gate erase techifi"ques. These t echni ques
reduce the anmount of current required during the erase of the flash

EEPROM nenory array and thereby reduce the power used. Consequently, it is
WO 95/ 26071 especially desirable to regulate the output voltage provided by charge pumps
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especi al |y desPilizaddogsnerats yolipgespaed fof peRitive SRIESTASCOPERAHARY by  char ge

punps utilized to generate voltages used.-for negative gate erase

[ : | t f ith flash .EEPROM
arrays bo a neQueolhEe e gRTor B RT Bion ERAOR: Herndry w00 TP RRAMR of o
P channel i sol PR v@(i@fﬂ&' u%{ec%t t]‘u‘@g.frg terminatl otﬁ Ppc‘?lﬁﬁnqusoizﬂfao{\‘w&gis&ﬁ%%gc%r 'n
such menory arrays. Such a transiStor .nus e operated W very

little delay 0&?&2(2 C}R@Woﬁi '&%dérsingﬁg?g'éﬁﬁ. aET‘?\‘s. tUch a"BARRNOr mustbe ¢ he

negative voltag must be 1 mMedi y available. Providing an
operated with very little delay once an operation is commenced. For this reason,

the negative voltage used must be immediately available. Providing an
immediétely available voltage from a charge pump normally requires that the
charge pump be on at all times. This, in itself, usually require the expenditure of
substantial power. It is, therefore. desirable to provide an ultra-low power
negative charge pump circuit which may remain operative while expending very

little power.
mmz f The Invention

. It is, therefore, an object of the present invention to provide a very simple method
and apparatus for providing a regulated output voltage from a charge pump while

expending minimal power.

It is another, more specific, object of the present invention to provide a method
and apparatus for providing a regulated output voltage from a negative charge
pump with the expenditure of minimal power which voltage may be used to
operate a wordline isolation transistor in 2 memory array.

“These and other objects of the present invention are realized in a circuit which

includes a charge pump adapted to produce a negative output voltage which may

be used to drive gate isolation wransistors in a flash EEPROM memory array, a



i mredi ately avail able voltage froma charge punp nornally réqUi res that the
charge pW@PS960Un at all tines. This in itself, usually red@IussNa318

expendi ture of substantial power. It is therefore, desirable to
provi de an ultra-|ow power negative charge punp circuit which may
remai n operative while expending very little power. Summary O
The I nvention ' It is, therefore, an object of the present invention
to provide a very sinple nmethod and apparatus for providing a :
regul ated output voltage froma charge punp while " expendi ng m ni m
power . It is another, nore specifréf obj ect of the present invention
to provide a nethod and apparatus for providing a regul ated out put

voltage from a negative charge | p with the expendityre of m ninal
power whi ch mr@*ea@fgclﬂﬂymﬁ&s fatqusipg the cha E5 MR 19 BENFRRIS RGEAUYS BPRES on
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Tén'oﬁng circuitry for regulating the source of ¢léck Iphises'Whereb'y_ the output 4 -

voltage from the charge pump is maintined at a relatively constant level during the

period in which clock pulses are generated.

These and other objects and features of the invention will be better understood by
reference to the detailed description which follows taken together with the
drawings in which like elements are referred to by like designations throughout the

several views.
Brief Description Of The Drawings

Figure 1 is a block diagram of a computer system the elements of which may

combine to provide the present invention.

Figure 2 is a block diagram illustrating the use of a negitive charge pump circuit in
accordance with the present invention for controlling i wordline isolation” -
transistor for a flash EEPROM memory array.

Figure 3 is a block diagram of a negative charge pump circuit which illustrates its

operation in the present invention.

[P

Figure 4 is a block diagram of a circuit for providing the present invention

Figure 5 is a iming diagram illustrating the values of different signals used in the

circuit of Figure 3. -



source of clock pulses for causing the charge punp to generate a negative
out put WO 952sbTiage, circuitry for enabling the clock circurCTsaswssmsy a
smad | fraction of the operating tine of the conputer with which the
circuit is associated, and current mrroring . circuitry for

regul ating the source of clock pul ses. whereby the output vol t age
fromthe charge punp is maintained at a relatively constant |evel during

t he period in which clock pul ses are generat ed. These and

ot her objects and features of the invention will be better understood by
reference to the detailed description which3ollows taken together with the
drawings in which like elenents are referred to by |ike designations

t hr oughout the . several Vviews. Brief Description OF The
Drawi ngs Noratiog And Nomenglatreock di agr am of  a conputer systemthe

el ements of which may conmbi ne to provide the present invention.
Figure 2 is a Rl ock dia | ystrating the u f a negative charge punp
circuit in gomed@&'&ﬁ ‘i&“’t‘hdt‘jﬁ IQQ%WPIC?&V@QWI“W kﬁ“‘@dﬁt‘?’mslq%ng a
wordline isolatio

are s ioa BY‘BE‘%“WB&}S%( s ¥ it St il ‘?E* S WD ARt AR,
JUEREIEENEb SR et ) N TROR
Figure 5 is a adrmp&)&eq“ﬁgmg@&ék&&@)eménk}a 1 4B e SHAGEREAL oS! Ol

used in the

‘others skilled in the art. The ope_mnons are those requlnng._. physical manipulations
of physical quantiﬁeq U~:ually,. lhelth not necewarily, these quaniities take.the
form of electrical or magnetic slg.,nals wpable of bean stored, tr-msferrcd
combined, compared, ind otherwxse mampulated It has proven convenient at
times, principally for reasons of common u.sage. to refer to these signals as bits,
values. elements, symbols, charaders. terms, numbers, or the like.' It should be
borne in mind, however,l that all of these and similar _teﬁns ere to be associated
wifh the appropriate physical qulaﬁtities and are mefely com)eniem]abélsl applied to

these quantities.

Further, the manipulations performed are often referred to in terms, such as
adding or con_uparing, which are cbmmonly associated w_ith mental operations
performed by a human operator No such capability of a hum.m operator is
o necess.iry or des1rable in most c..xses m any of the opemnons described herem
whxch fonn part of the presem mventlon, the operanons are machme operanons
| ._'.TUseful machmes for performme the operatlons ‘of the preeem invention inciude
| general purpose dig 11,.1&11 computers or other similar dev1ces In all cases the
distinction between the method oper'mons in oper.mng a computer and the method
 of computation itself should be borne in mind. The present invention relates to a

method and apparatus for operating a computer in processing electrical or other
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Not ati on And Nonencl at ure Some portions of the detailed
descriptions which follow are presented in terns of - synbolic

representations of operations on data bits within a conputer nenory.

These descriptions and representations are the neans used by those skilled
in the data processing arts to nost effectively convey the substance
of their work to others skilled in the art. The operations are those
requiring physical manipul ations of-physical quantities. Usually,

t hough not necessarily, these quantities take the formof electrical
or magnetic signals capable of being stored, transferred, conbi ned,
conpar ed, anté-Hnheshapicd. chemipu) physital signihae gmommbotﬂtent@nhysatal

tines, pr|n0|pally for reasons of common usage, to refer to these signals
as bits signalya| ues, el enents, synbols, characters. terms, nunbers, or
the like. It should be “borne in m nd, however, that all of these and

simlar ter are bo_ be.associated with the appropriate physical
quantities gﬁm\—ﬁﬁ?ﬂ&?—?ﬂwnveni ent |abéls applied to t hese
quantities. Further, the manipul ations perforned are often referred

t t ,
(0 o Len. REMH ARy ot b0 RRREY {fuhbald 6, TROS,
such capabi | 1(5 theRlde@a CEHtRA pFUQ“é‘{sﬂ{uOJmt' ﬁ whteh executes the various instructions

provided to the computer systet'n l() to control its opemttons The central

processing unit 11 is Jomed to & bus 12 dddpted 10 c.u'ry mtommtton to various
components of the system l() Jomed to the bus 12 is main memory 13 which is
typically construt.ted of dyn.mm mndom access memory tu'ranged in a manner
well known to those sktlled in the prtor art to store tnfommnon durtng a penod in
which power is provndecl 1o the system l() Also Jomed to the bus 12 is read only
memory 14 whtt,h may m(.lude various memory devu.es well known to those
skilled in the art euch of which is ttdupted 10 retain a p.u'tteul.tr memory eondmon
in the absence of power to the system 10. The read only memory 14 typtcally
stores various basic functions used by the processor 11 such as basic input/output

processes and stanup 'procesées typically referred _to as BIOS processes.

__Also connec ted o the bus 12 are various pertphenl componems such db long term
~ memory 16 and etrcuttry such asa fmme butfer 17 to whtt.h ddm may be wntten
. Whichisto be transferred 10 ttn output devu.e sut.h as a momtor 18 for dlsplay
Rather than the typtcal electro—mechamcal hard dtsk drtve Whl(.h lS typtcally used
for long term memory, a flash EEPROM memory arr'ty nmy be used as the long
term memory 16. Such flash EEPROM memory ttrr'tys are proerammed and
erased througn teehmques whteh utthze voltut.es yeater th.tn those typlcally

avtulable to the mteszrated cire tuts of more adv.mt,ed port.tble computers Such



necessary or desirable in nost cases in'any of the operations described
herein WO 9IS26078h form part of the present invention; the BEFASS/INSare

machi ne operati ons. Usef ul machines for perform ng the operations of
t he present invention include general purpose digital conputers or
other simlar devices. In all cases the di stinction between the

nmet hod operations in operating a conputer and the nethod of
conputation itself should be borne in mnd. The present invention rel ates
to a met hod and apparatus for operat}ng a conputer in processing

el ectrical or other WD 95/ 26071 T :
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adapt ed 0 Carhy idwi YoltRlds A0ailaBle i Ritbaneries a}vgﬂ%fe‘i}f‘ﬁu@{@nﬁ’&e W@p&%&t em 10.

arte
Joined to the bus 12 is Tmin nenory 13 whic pl ca

construct ed ofijn Qi ifchiadRY9Meagsiealy fOBARIY arranged in:a manner
wel | known to those skilled in the prior art to store information during a

period in

A flash EEPROM memory array is made up of memory cells which include
floating gate field effect transistor devices. Such memory transistors may be
programmed o change the charge stored on the floatin g gate, and the condition
(programmed or erased) may be detected by interrogating the cells. The
" conventional method of erasin g an array of flash EEPROM memory cells erases all
of the cells together (or at least some large block thereof). Typicaily, this requires
the application of twelve volts to the source terminals of all of the memory cells,
grounding the gate terminals, and ﬂdmihg the drain terminals. This conventional
form of erasing flash EEPROM memiory arrays is referred to as positive source
_erase. This positive source erase has been felt to require an inordinate amount of
current because of the diode aciion ‘between the source and substrate of a N type
‘flash EEPROM memory cell. For this reason, designers have been attempting to
p"rOVidé h.eg'ative' gae erase techniqﬁes to obviate the loss of current through the
.. diode effect. : In this manner, charge pumps may provide sufficient current to
- generate the power for effectively erasing and programmihg flash EEPROM

memory.

In accordance with the newer negative erase technique, a large negative voltage
(typically minus nine or ten volts) is provided at the gate terminal of the memory

device; and Ve (typically five volts) is:prc_wided at the source_terrhinal. The five



whi ch power i s provided to the system 10. Also joined to the bus 12 is read .
only o’-f"ﬁéﬂﬁry 14 whi ch may include various nmenory deviF&FUSEENIZRnown

to those skilled in the art each of which is adapted to retaih a
particular menory condition - in the absence of power to the system

10. The read only nenory 14 typically stores various basic functions
used by the processor 11 such as basic input/output - ‘processes and
startup processes typically referred to as Bl OS processes. . Al so

connected to the bus 12 are various peripgeral conponents such as long term
menory 16 and circuitry such as a frame buffer 17 to which data nay be
witten which is to be transferred to an output device such as a

moni tor 18 { 03l Blrce erminat iSO GERLERT bRk SR G selrGELiiaaRChani cal
kS ?yplca y Used or lon e y, a

hard di sk drive whic . g r-m menory,
fl ash. EEPRON HioBt bfhe ABVicOGnd 98 @l%lzﬁﬂ@ljiﬁﬂ%étumial amdut 61 y 16.
Such fl ash nenory arrays are progranmed- and erased through

techni ques Wairpdin floWs! TRn¥eQubRYE Shlizh irRilarivdfilgd MPRAntiiRIehpplied
avail able to the integrated circuits of nore advanced portable conputers.
Such Whétheedthéate and source terminals of the device, the negative erase technique
PCT/ US95/ 03318 ' o -
f 1 ash EEPROMVretires mueln feay/surramy froncthedbarge pompt.ry f or. progranm ng and
er asi ng the menory array. Consequently, in accordance with the
present invention, such |l ong term nmenory arrays nmay provide
circui try folnerdertoaitilipgythhinggntivelerase teshniguerwith a flash é@ﬂQMemem@M ages
available fromthe batteries available in the portable conputers

array, itis necessary to apply a precise negative voltage to the gate terminal of a P

-7 -

channel isolation transistor in order to isolate the decoding circuitry from the
memory array. Figure 2 is a block diagram of a flash EEPROM memory array
- with associated circuitry related to wordline a_c;ceés. Figure 2 shows an array 26
- of flash EEPROM memory devices 28. A single row decode circuit is illustrated
for use with the array 26. The circuit includes an inverter 25 which joinsa
-particular row of the array 26 10 the decode circ_l.lit_r'y:. “The inverter 25 xs used for
_applying a high vd_ltage (such as twelve volts) utilized for programming the
- memory cells of the army,.zﬁ and for applying five volts to the gate terminals of the
‘memory transistors durin g_'a read operation. The inverter 25 is joined to the -
- wordline by an isolation transistor 27. The transistor 27 i:.s;;a P type -_FET_'deyi_ce_ :
~ which reacts to a negative voltage at its gate terminal to ?pnnlgc;: ;hé.high--YOII?lge 1o
- the wordline. The isola_tidn_tfansistﬁrZ?_ is used in-order to isolate i_h_e negative
erase potential so that N+ jz;nciions of N type transistors it‘re not foxjwa__rd biased in .
the word decoder. A negative charge pump circuit 21 is also connected 0 the
WOrdliné byaP type FET device 22. The negativé charge pump circuit 21 ié used
| .'td p"rblvide a neg.z.t.tive \)olfztge"élt 'the:_wordli.ne and the gate terminals of the flash
' EEPROM memory cells of the array 26 for erasing those cé.lls._:As has been

.ex'plained above. the négétiVe 'vdltzlgé is'npplied 10 the 'g‘cité terminals while a small



- substrate of a

i n which ys are typically found. A flash E

array is %‘ggﬁ&rg;@f menory cells which include fl oat %@Zﬂ
effect transistor devices. Such nenory transistors may be prograrmed
to change the charge stored on the floating gate. and the condition

(programred or erased) may be detected.by interrogating the cells. The
conventional nethod of erasing an array of flash EEPROM nenory cells erases

all of the cells together (or at |east some |arge block thereof).
Typically, this requires the applicagion of twelve volts to the
source termnals of all of the nenory cells, groundi ng the gate
t;arm nal s, and floating the drain termnals. This conventional form
o] erasingfl [

crase Thi's pdBRivs LR TERPHIN T HESuicE il Gitnt el SSI O NRURINE 08

anount of r.Nuitéu%f(rg%%mgﬁgﬁp&gg@f%%hgb%@g_e-action between the source and

PROM nenory cell. For this reason,
desi gners have been attenpting to provi de negative.gate erase _
techni ques t o ToR&rAlM dffiBe MefRrPlevics 7&rebuirdy thatgipdshive five volts de apyliedf f ect .
In this manner, charge punps nay provide sufficient current to

generate the powRIsolife weridifd of vl deviee 28] that rimis piregosiine appliddas hhdERROM

menory. ~In accordance with the newer negative erase technique, a
| arge negat i veervrihilpgel that the dtajrpieainhlybenflowed. riThecfiver valisat thelsogicei s provi ded
at the gate term nal of the menory device, and Vcc (typically five

vol ts) is provéntgoalas notseffiient cebieak dowahe spng,efqubgmtejuncm Q@ﬂQQ lihf

PCT/ US95/ 03318
device, tmd only a relatively msub:sttmnttl amount of source t,urrent ﬂows.

Consequently, the ne"anve gate erase technique requires much less current from
the charg,e pump than does the positive erase technique. The operanon of the
transistor device 27 to selet.t the pro«rrammmc voltage or 1solt1te the negative erase
voltage is controlled by a negative voltage provided by an ultr:t low power
regtll:tted'negzttive'chztrge pump in accordince with the present invention. Itis
" desirable to regulate this pump in order 1o ensure that adeyuate voltage is available
- to turn on the isolation transistor 27 during programming and read. This voltage

used should not be too large in order to avoid stressing the isolation transistor.

In a portable computer, the rte;,tttwe volttts.es necessary to operate vartous pomon
of a ﬂash EEPROM memory ttrr'ty, sueh as the voltage applted at the gdte terrnmal
' of an lsol.mon tranststor, m.ty be furmshed by a chdrge pump Ftpure 3 tllustrates '
. id nezanve t,h.trae pump 31 whteh mtty be used to prov1de such a ne.gatlve voltage.
| thure 3 tllustrates a ﬁrst bootstrap pump .trr'tng,ement which may be uttltzed to
prov1de a number of dtfferent levels of negative voltaaes mcludtng the htch |
negative voltages requtred for erasing flash EEPROM memory arrays m
accortlance with the negative erase technique. As will be apparent to those skilled

in the art, a similar charge pump with P channel transistors replaced by N channel



- 8- S at the source terminal is not suffici ent own
t he sour%g-gg’égdgﬁrate junction di ode of the device, 5%%&@55

rel atively insubstantial anount of source current fl ows.
Consequent |y, though simlar voltage differentials are applied

bet ween the gate and source term nals of the device, the negative erase

t echni que requires nmuch less current fromthe charge punp.

In order to utilize the negative erase techni.que with a flash EEPROM nenory
array. it is necessary to apply a precisgonegative voltage to the gate
termnal of a P channel isolation transistor in order ‘to isolate the
decodi ng circuitry fromthe menory array. Figure 2 is a block

di agram of 3 rgt%h " h U|try
I ne accessgmaﬁzflR {twe%h@gé P Eéhﬂi‘hz’é&%@ﬁiﬁ’i&jt éh{%h

related to vvor gure 2°shows an array 26

EEPROM e rmi6sitiey veRSged $or dcorpiiheng positlRGolR e @r:ise dpérations driduihdrat ed
for use with the array 26. The circuit includes an 1 nverter 25 which joins

a pardpeitioas suchws Progrinning feyuizingtpositive odgquodoligies c Wstis showihe
inverter 25 is used for. - . applying. a high voltage (such as twelve

vol ts) utiliia&igures, qheq)gmr&hmgudeset number of sagey of Ruipe sietd efféve array 26 and
for applying five volts to the gate termnals of -the .. . menory :
transi st or s whasistogs FEEA3208%ka B4 conmeiediin seniescherween gopad ardian o t he
wordline by an isolation transistor 27. The transistor. 27 js_a P type FET
devi ce outpfy fermninad Yous ltnaura-l%gegn wreéwm&@@d &tthptgcga§bfrpet mnal to

connect the hi olta The..i sol aton transistor

27 is used .*ﬁu‘gthﬁkmFﬁg‘?wwaP%ﬂPﬁé Ga%ﬂ’p\/g second set ‘gr'ag‘é‘ TSPl so that

N+ junctions ransi stors not i,a t he

word decoder"’™ é\’r?\’é}tééf'iw ”8“%?‘9@“'&}% H‘ﬁ“t[o'?% “gdgl 5 “&%h‘ﬁ %?ft&et o the
circuit 31 includes a P channel FET devxt.e 43 or 44 used to precharge the gate

temnn.tl of the devu,e 32 or 33 of that sttu.e The ﬁrst stage is compnsed of the

transmtor devxces 3" and 43 and the (.dpd(.ltors 36 and 40

Four individual clock signals referred to.as phase. ll phase 2, phase 3 and phase 4
are shown in Fts.ure 3. Each of these clock stutmls provides.a hth v.tlue of Vce
~anda low value of g,round In order o underst.md the operation of the circuit 31
the operation of a sm«le stage including the devu.e 33 will be discussed.
Followm g the ttmlng dmgram of Figure 3, the phase 2 dnd phase 4 clocks are
mttmlly low Smce the phase 2 clock ts low, the control devnce 44 m mma]ly on‘
When the phase l clock slgn.tl goee low the neganve voltag,e pulse apphed -
.throueh the cdp.tcuor '%6 charges the c.ap.tutor 41 at the g.tte termmal of the detnoe
‘33 throug,h the devu,e 4410 the negtmve voltage level of the sourc,e ten'nmal of the "
| devnce 3”5 When the phdse 2 clock then goes htgh the devnce 44 tums off,”
1sol.1tmg the gdte of the dev1ce 33 'md leavmg the cap..tcxtor4l ch.trged to a

negative level.



wor dl i ne b;ev‘?ggﬁ%ge FET device 22. The negative charge punp S ig 21 S

used I de a negative voltage at the wordline and

termnals of the flash EEPROM nenory cells of the array 26 for
erasing those cells. As has been expl ai ned above, the negative
voltage is applied to the gate termnals while a small WO 95/ 26071
PCT/ US95/ 03318 - 9-
positive voltage is applied to the source termnals of the nmenory cells to
cause the erasure of conditions storgg._by the flash cells.

The erasing of the menory device 28 requires that a positive five volts be
applied to the source termnal of the device 28, that nlnus ni ne

vol'ts be appl i 6\9 érpthte\r;)%ﬁ%ag gl{xl% H\en §oésq5w H\%lvdtggfaetﬁtﬁggm% Iﬂe%rsn o theS" m nal

be fl oated. The fve suff| ci ent

to break down eu,é@qr%ﬁ‘pp?ég?zfﬁl? Rvier kHEAGhd QQI%E%gﬁegﬁllkg?ex}qmdl beca‘iix?é’bice and

only a rel ative y I'nsubstanti anpunt o rce current

Consequent |y, tdi@ﬁ ERiEEing Of til ApRIRF 81 t¢# Red:ANe vAREU ThRSufil¢he d&%% T T ent
from t he charge punp than does the positive erase technique. The

operation of tof in the regidnrinmhich iDExpéeivnces nd thieshsle voliget (Vo) dropgTaeNi ng

vol tage or isolate the negative erase voltage is controlled by a
negative vol tagﬁrmm‘uwndﬁdhdoyt drop mieinsthkoincreasedrcurrent is transfgmeditnece rapigy i ve
charge punp in accordance with the present invention. It is

desirabl e to rdopum ﬂtee;.dpammrﬁﬁnpthﬂmenrsd@e fThe @ngative violtage lddtsqdl@ube\aotheage is
avai |l abl e to turn on the isolation transistor 27 during: 8rogran’m ng
and read. Thi s cepscitged6 begins to char(re the capacitor 37 (toward a value of minus Vec)

When the ph.tse 3 clock then goes hth the dcvue 33 beums to go off When the
phase 2 clock goes low, the capautor 37 goes to approximately mmv._u, twice Vec;
and the device 44 turns on discharging the gate of the device 33 and bringing it
toward the voltage of the drain so that the device 33 wurns off rapidly. When the
phase 1 clock then goes high, the device 33 stays off and the device 44 stays on so

that the charge at the drain and gate terminals of the device 33 are equalized. -

' Viéw_ihg the circ_ui__t as a whole, when the oevice 32_oon1e§ on in roéponso to the
nea‘at.ive edge of the phase 4 clock, the cupaéitor 40 at itS szmé ter.nllinal has been
| placed at ground throug,h the devu,e 43 which has gone off Thus, the gate
terminal of the devnce 3’7 is forc.ed much lower than the source termmdl .md the
- dévice 32 comes on without a Vi drop and charges the capacitor 36 and the -
capacitor 41 to ground level very rapidly. Then the device 32 begins to turn off as
" the phase'4 clock goes high. The drop of the phase 1 pulse causes the capacitor
36 to go to minus Vec iind completes the'tur_noff of the device 32 by discharging
the capacitor 40 throu-gh the device 43. The llow value phase 1 o10ck continues the
charging of the capaoitor 41 until the rise of the phase 2 clock turns off the device

44 leaving the gate of the device 33 charged. As explained above, the device 33



used sh%g no% be too large in order to avoid stressing- bﬂﬁvg%%@

transi sthy 260 In a portable conputer, the negative cessary
to operate various portion of a flash EEPROM nenory array, such as
the voltage applied at the gate termnal of an isolation transistor,
may. be furnished by a charge punp.- Fi.gure 3 illustrates a. negative
charge punp 31 which may be used to provide such a negative vol tage.

Figure 3 illustrates a first bootstrap punp arrangenent which may be
utilized to provi de a nunber of different |evels of negative

vol tages including the high- negative voltages required for erasing
flash EEPROM nenory arrays in accordance with the negative erase

- techni que. Agnitkbh céﬁpwgmﬁbu:t@vf @0 Swifthithé SRhse 3 cloc dgdés dweamd the @

simlar charge punp wth annel transistors replaced by N channel WO

95/ 26071 - gate terminal of the device 33 which is charged toa. negative value goes below the
. PCT/ US95/ 03313 -10-

transi st or s sginide haiing. Thizasloivs e mpddt@gxgemﬁﬂuﬁumtdné?% alnegmi/et o provide
t he high positive voltages for acconplishing positive source erase

oper ati ons aatheaiflapproximately mipes ewd imes Yo hThs symwsgraenceypuld quitinung
positive output voltages. As is shown in Fi gure 3, the punp_31

i ncl udes a nbrough whisteyernyeabenbf flagasiee preseny uatik ige charge on thecqaawgtosﬁar s
(FETs) 32, 33, and 34 connected  in_series between ground and

Qut put t er niinsufficisnt to umanthe deyice 34 QPP ﬁ#@“WFﬂVQW leyle °C| rcuit 31

| pUtcl ock CHBAY dhe circis 31 qhanpi B SREA M %vaceei%@oeqwram@%ﬁ%é’g\iet o
channel FET High eé'Xﬁ@"a fl‘iﬁf%gaca t bl s bt | 7S 2 7
. This basic operation continues in the manner explq;ned._ -The two smge_ pump
. circuit 31 illustrated in Figare 3 furnishes a lxeggtti;ve:;vql_lz:ige_of approximately N
* (where N is the number of stages) times the pumped voltuge Vee .at_._,the output |
terminal less the Vt drop of the device 44. More importamly, the circuit 31
provides a very efficient operation because the ci&uit 31 does not h'ive the
threshold volmg,e drops of lhe usual elmrée pump uruut exc,ept for the last stage.
This dllows it ) provxde more <.urrem al the ourput .md todoit more rdpldly This

N mcreased efﬁuency allows the eharg,e pump to be lmplememed in fewer stages

and therefore reqmre less d1e area on an mteszmted cm.un _ o

Ref‘ex‘ring”hdw to Figllre 4, there is illus_tr@ted 'a:_blqck-diagam of a circuit 50
designed in accordance v;/,it,h the p_reseht inven_f?on. ; Theurc.untKS() includes a
ne'gati've -charge pu_rﬁp 51 whu,h 11"1_11)"j_befzx"e'h';i_f;¢';e pumpsuch dsthat i!lpstrate_d in
- Figure 3.. The charge pump 51 receives _g:lo_c_-..k'_inp'ut signals in .th_e_ m;mrie_r .
- described above and produces an epltptl; voltage value. The output voltage is in
" “the preferred embodiment a negative voltage which may._be applied to the gate

* terminals of the P channel isolation transistors in a flash EEPROM memory array



. t.erm nal %09%@2‘” ce 32 or 33 of that stage. The first. sta ﬁggﬁ@g sed

of the sistor devices 32 and 43 and the capacitors

Four individual clock signals referred to as phase |, phase 2, phase 3, and
phase 4 are shown in Figure 3. Each of theseiclock signals provi des
a high value of Vcc and a |ow value of ground. In order to
understand the operation of the circuit 31, the operation of a
single stage including the device 33 will be discussed. Fol | owi ng

the timng diagramof Figure 3, the phase 23and phase 4 clocks are
initially low Since the phase 2 clock is Iow, the control device 44 is
initially on. When the phase 1 clock signal goes |ow, the negative

vol tage pul se gRRIET wrilize neghiVeUR 1LdHRiREREhS BfouREUT0H@ATallpe capaci tor

41 at the gate 1 hal evi ce hrough the device 44 to

the negative vgldagg {deQhe hdirisOVbIE tueédrrdaa IRfatibh ® the wordlisteofiace 33.
When t he phase 2 %’Igoéisﬁer? g%eiﬁn é)h ee devi cgp421turnseo¥of 1

i solating the ﬂ%%ﬁtfkoheméﬁunc&rg&oamdin@am nguemoxeamamewmdafy cehsirged to
a negative | evel. - /26071

PCT/ US95/ 03318 - When t he phase 3 cl ock then goes |low, the
vol tage at thelngstier todioth sedliceahe poneer utilized byl ehe charg@@Ppunsp dbpndsioiragulgtel over
than the voltage at the source term nal because of t he prechargi ng
of the capaci t the véltageoowpuiofich iseprodiced. a WHue biasing cireudt igawed; e tyacircuit
includes a P type field effect transistor (FET) device 54 which has its source
terminal connected to a source voltage Vce. The tirain of the P type device 54 is
joined to the source terminals of a number of essentially identical P type FET
devices 56, 57, and 58.- “The gate terminals of each of the P type FET devices 56,
57, 58, and a similar P type FET device 70 are joined together. Since the gates of
the devices 56, 57, 58,and 70 are, connected and the source terminal of each
device is connected to the source voltage Vcc, the current throu gh the devu,e 56is
mn'rored through each of the other devu,es 57 58, and 7() The current pd[h
throuah the devu,e 56 continues 10 ground throu“h the dmm .md source termmals
of a N type FET device 59. The current puth throuuh the devu,e 57 connnues to
| ground through the drtun and sourc,e tennmals ofaN type FE'I‘ devxce 6() and a
" resistor 61 The current p.tth throuuh the devnce 58 contmues to the output '
“-.termmdl of the pump 51 through a senes p.tth mcludmg, a plumltty of snmllarh

dtode-c.onnected P type FET devnces 63 67 whtch together func,non asa dmder

: _CI_I'CUII_. o

The transistors 56 and 57 form a first current mirror. The transistors 59 and 60
also form a current mirror with 4 gain greater than one. Since the devices 56 and
57 are matched, they carry equal currents in an arrangement which is power

supply independ.e.nt.' The current provided by this arrangement is mirrored from



onint region in which it. experiences no threshold voltage éVt _drop.
The w‘”ﬁ"ﬁ‘ nati on of the Vt drop means that mcreaseo"&'ﬂJ

transferred nore rapidly fromthe capacitor 36 to the next stage.
The negative voltage phase 1 pulse at the capacitor 36 begins to
charge the capacitor 37 (toward a value of m nus Vcc). When t he

phase 3 cl ock then goes high, the device 33 begins to go.-off. Wen the .
phase 2 cl ock goes |ow, the capacitor 37 goes to approximtely mnus tw ce
Vce; and the device 44 turns on digcharging the gate of the device
33 and bringing it toward the voltage of the drain so that the
device 33 turns off rapidly. Wen the phase 1 cl ock then goes high,

the device ?aé%ﬂt,f e;tatgreetpm& Hrfifedlert ifVIBH0E (R mpsistor sglafdto t Ne

charge at t ra| n an ernm na are‘equalt zed.

Vi ewi ng the nfiso conmes on in response to -
t he rtttgég%ftﬂlg\?g edgﬁdwg&ﬁcm\eﬂg@ghg eﬁgtéiﬁfotrﬁlg capacitor 40 at its gate
term nal has been pl.aced at. ground through the :.device 43 which has
gone of f. TRUN,iypd'FEDAESce 69 and t&?ﬁﬁé‘ﬁfi’l“lfcvkeﬂmﬂ% BRir¥duice sh@dfeg much

| ower than the Source termnal and t - ‘device 32 conmes on without a
Vt drop andt&hﬁtﬁ.ﬂﬁﬁoﬂnﬁﬂeﬁ&p@m berwdén thiedotuve voltage Vecarbgiound. Testo ground
| evel very rapidly. Then the device 32 begins to turn off as . the
phase 4 cl odevigeEmovidgla coffiperathr @prangentdne whihsenirolsuviesherausiwegitSBe capaci t or
36 to go to mnus Vcc and conpletes the turnoff of the device 32 by

~ di schar gi ng which PmVldIftéd@sﬂpa@MbﬁOfQWWW&)@QW“NP&ldlé\ﬁ\é@edgf dipplled.ow val ue

phase | clock continues th charging of the capacitor 41 until the .
rise of theThr&aw rminyof ﬂteuN Rypesievice 6@ lu@tnne@ted between davices03 #d @he gate
8f5 / ;28726\-“ ?nethg%t\ﬁgg'rnetworkA%u&)é ? i’ rt])?p% Qﬁ‘é%ti Eoenn(tjagt\gd?g m:?x?’ror the vo

PCT/ US95/ 03§&r§em through the’ devxces 56 and 57, it acts as a current source for the

comparator ur’rungemem which’ provides input to the circuit-53.

The devmes 56 57, 38 59 6() and 7() are bmsed 10 provxde a very 5mall current,
and they normally conduct when the source voltage Vu, is .tpplled through a
- conductmg devrce 54 The devu,e 54 is en.tbled by a low valued volttt;,e .tpphed at
- its gate termmdl Thts low v.tlued voltas.e is supphed from a source of pulse |
en.tble stg,n.tls 55 tor a pertod selu.ted 1o be short w1th respect 1o the overdll pertod
of a ﬁrst slow cloek styt.tl Dunnu the pertod ot the pulse en.tble sngnal current
' flows throuuh the devxces 36 dnd 59 1o Lround Thts eurrent is mlrrored through
_the devu.e 57 dnd through the dev1ce 58 'I‘he small bldS current through the |
| devme 58 is suft' cient to sustain current throuuh the devu.es 63 67 of the dxvxder
. network SO th.tt i thre.shold voltage drop.s dcross ,edch device ot' the dt_vrder. When_
: 3-the output voltage of the pump 51 is at its desired negative level, the voltage

o provided at the gate tennina'l-'of the device 69 is .lo'wer. than a threshold voltage.

Since the current throuz,h the devxce S6is ulumately mm'ored throu0h the device

| 70, the devu.e is enabled when the devrce 54 is embled If the voltage atthe



-. 12 - s on conpletely wthout a Vt drop when the ock
goes | ow aWPFé&% gate term nal of the devi cep33 whi ch ?&@ﬁgﬁ"g’é@

a negative val ue goes bel ow t he source termnal. This allows the
rapid charge of the capacitor 37 to a negative . value of
approximately mnus two tinmes Vcc. The sane sequence woul d conti nue

t hrough what ever nunber of stages are present until the charge on the
capaci tor 37 is sufficient to turn on the device 34 to provide a
punped voltage | evel at the ~out put afjsthe circuit 31. It should be
noted that the device 34 operates in a range in which it exhibits a
WVt drop since no bootstrap transistor is provided. Thi s basic

operation conti
o reui t 31 111 R ot e cHargERREY /Kbl iore PORGI It} MG RN hegative
appr oxi mat el y 'N)uhput level (tH@FFt?pe\Héﬁcet@ﬁis BH R traRbfefs B urehi BRFodde punped

vol tage Vcc at t termnal less the Vt drop of the device

44. More inpor taahhm 4nhﬁ @ sigidi &f Bfrst low levelRb@hd plesip alockeiccudf 53.cThist
oper ati on because the CIFCUIt 31 does not have the t hreshol d vol t age

drops of the ugowlvalwdange sl cie mumy cleciceiptuif 5 ertables kiwextloskt sigrals

This allows it to provide nore current at the output and to do it nore
rapidly. This necessaryitoopemeatie eifrgepeng$l & pmmetmg@hmgspwmﬁidgﬂ)fobe

i mpl emented in fewer stages and therefore require-less die area on
an integrat ed dhe isolation transistors afghememory wroiy. t @theryise.chachargepampsl is
Illustrated a bl ock diagramof a circuit 50 desi gned i n accordance
with the preserflisgbigdenti on. The circuit 50 includes a © negative
char ge purrp 51 which may be a charge punp such as that |IIust.rat_ed in

Fi gure 3. The char cei ves I k
g In orc?er I(.E) assure tllmt tﬁe outpul vO m?.g pro'drt'xE)éJJ by th% ¢ ttrae pl;.]m'gph {sr% ger

relatively constant value, the bias current through the device 57 is mirrored into the
devices 58 and. 70. Since the device 70 acts as a current source for the
comparator, the device 70 will attempt to transfer the same current as the device
57. At the same time, the voltage at the gate terminal of the device 69 varies with

* the value provided at the output terminal. If the voltage at the output terminal is
‘higher than desired (not sufficiently negative), the device 69 is on and a relattvely
low voltage is applied to the pump clock generator 53 to enable the charge pump
SL When the VOlldl“e at the output temtmttl is more negative than the destred
output v‘tlue, the devu.e 69 swm.hes off and a htoh voltdge value (Vcc) is dpphed

o to the pump clock 2enemtor 53 from the source Vcc to dhdble the clock When

- thts occurs, the volt.tge Ievel at the output of the chdrge pump 51 is held relattvely

- const.tnt over some penod by the output load circuitry. The voltdoe level at the
output will eraduully rise as charge on the capacitive output load dlsstptttes overa
period approximating the remaining length of the slow clock. Thus, the biasing
arrangement operates to regulate the output voltige of the pump 51 by selectively
enabling the device 69 during the state in which a pump enable pulse is furnished

~ to the device 54.



descrl b and produces an output voltage value. The output vol tage is .
ev%?%g%g}ef erred enbodi nent a negative voltage whi cﬁcﬁﬁ§%318appl i ed

to the gate . termnals of the P channel isolation transistors in a
fl ash EEPROM.nenory array WD 95/ 26071 '

PCT/ US95/ 03318 _ -13-
designed to utilize negatlve erase techniques. The circuit 50 is _ '
specifically _designed to provide the negative voltage used for
application to the wordline of a .filash EEPROM nenory array for
readi ng the values stored in the nmenory cells. In order to both
reduce the power utilized by the charge punp 51 and to regul ate t he

vol t age out When"‘mb%n Esnmgggﬁ.ﬁ‘én?&rﬁ}hgpgv %gﬂsrlﬂsa(b'l s e(%x}'éz‘g% CThe

circuit transi s e 54

whi ch has i Ttt&néd"élff%ﬁd the devmet?‘?)rtgbﬁft‘bledo%%ﬁla‘j tMl%?ﬂHéﬁﬁuﬁ‘tﬁlehQﬁ@ vee. The

drain of the P type-device 5 joined t e sou termnals of a
nurmber of eSi{gﬁﬂlttk%ﬁdnﬁnvaﬁﬂtdhﬂﬂmﬁhéd’ﬂﬁa FEQI_j)e FET devié€Y5.Cthe é@ncﬁS isand 58.
The gate termnals of each of the P type FET devices 56, _ 57, 58, and

a simlar Pehatpel lompphate seurdvaliage Vot ethe pagpidieuk. cilBuil 58 ahbdisgplees of
t he devices 56, 57, 58, and 70 are connected and the. source term nal of

- each thi!ew.lmp}ﬂ sThxsrshmsttt@bttrm 5 heffentirgg. Siict sigepiimp 51 rines ahly r ent
t hrough the device 56 is - mrrored through each of the other devices
57. 58, anddwing theshem timgraf theapulse enable signial, shedetush powdewtilized b§ thont i nues to

ground through the drain and source term nal s of a N type FET device
59. The cur PeWP 3Jds veryismsll gempreedde whae worlddefurnished wese the pump to

run at all times. In this mtmner, avery low power rewulated charge pump circuit is

furmshed

It should be noted that not only'does- the circuit 50 reduce the poWer requirements
of the charge -p.ttmp 51 because it runs for a very short period, it also reduces the
power requirements because: unlike most regulation circuits, it.does not require the
generation of a voltage reference which must be constantly furnishing power. For |
this reason. the circuit uses a very small amount of power compared to circuits of

- the prior art. .

Althous_h the present mvenuon has been descnbed in terms of a preferred .

: embodtment it wxll be ctppreuated that vttrtous modtﬁcattons .tnd alterattons tmght
.' be made by those sktlled in the art w1thout depamng from the sptnt and scope of
_' the mvennon ;I‘he mventton should therefore be measured in terms of the claxms

whxch follow



gr-ound thr drain and source termnals of a N type FET device 60 and
a rww?%l The current path through the device 58 %‘g'w§%@é§lsto

t he out put term nal of the punp 51 through a series path including a
plurality of simlar ~di ode-connected P type FET devices 63-67 which
toget her function as a divider .circuit. The transistors 56
and 57 forma first current mrror. The transistors 59 and 60 al so
forma current nmirror with a gain greater than one. Since the devices 56
and 57 are matched, they carry equal jgurrents in an arrangenent

whi ch is power supply i ndependent. The current provided by this
arrangenent is mrrored from WO 95/ 26071

PCT/ US95/ 03318 - ine circuitry for accessing the memory cells of a row of th 1. h- 14 -
the device 57 to thewcgﬂlrl?ee‘ﬁ{w#ﬁrx ro(gfuac?'srlggngerreﬁ% ?"ncfaﬁf ngr:jo“t/he frﬂé‘ﬁsi stor 58

and to the C@E%M%Enﬁ@xl‘g My FORABAL ahd WriddiaReL1EdIRg hh ABRRDAOT 70.
A N type FET device 69 and the type FET device 70 have their source and

drain term natapsisnpdt ed in series between the source voltage Vcc
and ground. These - devices provide . a comparator arrangenent  which
controls whether a circuit 53 whi ch provides clock pul ses for
operating the punp %akircsit orglobvidingt reifidated eelzative output Vdimge fitoen 4 eltargenal of
the N type device 69 is connected between devices 63 and 64 in the
di vi der network. Si pomptdircuip whylpatiizing gery7iow smaonhefopoyer ter aonrpbing tie

operation of the isolation transistor, the circuit comprising
a charge pump circuit,

a clock circeuit for providing clock pulses to operate the charge

pump circuit to produce an output voltage,

a bias circuit for monitoring the output voltage of the charge pump
and furnishing signals for enabling the clock circuit in response to

an insufficient output voltage, and
circuitry for enabling the bias circuit during a fraction of the total
operating time available to the charge pump.

Claim 7. A computer system as claimed in Claim 6 in which the bias circuit

- ~-comprises:

a voltage divider arranged between an output terminal of the charge pump and a

" source of potential, and

a comparator circuit connected 1o function in response to a voltage produced by the

voltage divider.



current through the devi ces'56 and 57, it acts as a currenf,@%;sg& or t he
9%813 318

conpar at genent which provides input to the circuit The
“devices 56, 57, 58, 59, 60, and 70 are biased to provide a very smal |
current, and they normally conduct when the source voltage Vcc is .
applied through.a conducting device 54. The device 54 is enabl ed by
a | ow val ued voltage applied at its gate termnal. This | ow val ued
voltage is supplied froma source of pul se enabl e signals 55 for a
period selected to be short with respect.syQ the overall period of a
first slow clock signal. During the period of the pul se enable signal,
current ‘flows through the devices 56 and 59 to ground. This current

s ”"rroredcgprent thrbco#’npﬁxﬂ:?sgﬁéﬂcﬁca?m@ﬁél lmug.hu@ & (HEVbIEReS8. The

srmal | bi as Ice 58 1's sufficient to sustain

current thr gi'aef; &g-nﬂ‘?s‘é‘sq @Ry Of dRide lcBRnébied @aisistors devicet work so that a

threshol d vo tage rops across each device of the divider. Wen t he
out put’ vol tage of the punp 51 is at its desired negative level, the voltage
provi ded at ¢thgn®ate t ardonpaterafsiémias dRihedintlalm GIIQmIIchtthamrauﬁ'hfm'shol d

vol t age. Since the current through the device 56 is ultimtely
m rrored threndbling the bils\circeit during a fritfiontofi ehectotal operitingatirad hedlablega thehe
device 54 is enabled. If the voltage at the WD 95/ 26071

PCT/ US95/ 033darge pump comprises: out'put of the charge punp 51 is above (nore
positive than) the de5| red negatl ve

a transistor switch connected 1o a source of potentml
a source of enabling pulses for the transistor switch,

a circuit for g g,eneratm ¢ ﬁrst currem in response 10 the source of potential provided

by the transistor swm,h dnd

current-mirror circuitry for fumishing a current mirroring the first current to the

bias circuit.

Claim 10 | A uruut for prOVldlllL a reaul.ued output voltage from charge

pump means whlle unhzms_ very low dmounts of power, the circuit comprising:

~ charge pump means,

means for providing clock pulses to operate the charge pump means to produce an -

ourtput voltage,

means for nionitbrinw the output voltage of the charge pump .means and furnishing
s:gndls for cmblmu the means for provxdmg clock pulses in respome to an

lnsufﬁuem output voltcu.e and



oht put Ie\@h%/a&g\llN type device 69 is on and transfers this Wﬁ‘ t033%s

gr ound iding an input signal of a first |owlevel e punp
clock circuit 53. This | ow val ued i nput signal at the purrp cl ock
circuit 53 enables the clock-signals necessary to ope ar ge
punp 51 to provide a negative output voltage for _ ' '
transistors of the nenory array. Ot herw se, the charum mﬁlﬁl’r@}

di sabl ed. In. order to assure that the Qutput vo

t he charge punp 51 is of a rel ati vely-constant val ue, the bias
current through the device 57 is mrrored into the devi ces 58 and
70. Since the device 70 acts as a current source for the conpar at or,
the device 70 wiat l:‘ﬁlh.[ﬁl_@l:‘io transfer the sane current as the device

57. At the san®€ (I nE, e voltage at the gate term nal of the device 69
varies with the val.ue provided at the output termnal. If the

vol tage at theCRihaut t ernginait fosproviding a teizalaed dutpan volesgerfarin @cbarge
sufficiently negative), the device 69 is on and a rel atively | ow

voltage is appﬂmmpidrcmthbxl@ummgvm-ylcgenmoamsrofﬁawcotlmmm;cpm%mrge punp
-51. When the voltage at the output termnal is nore negative than the

desired - out'put value, the device 69 swtches off- and a high voltage
val ue (Vcc) i saelppgd pemp circult, to the punp cl ock generator 53 fromthe
source Vcc to disable the cl ock When : this occurs, the vaoltage |evel
at the output of the charge punp 51 is held rel at stant  over
sone period by ¢iRek b'ﬂi‘f‘biﬁor P’f%{tij"ég tletk PH"?C‘ 1§ PR b5 4‘3@%&%9@“’&{“?&

output will grad aII}/ rise as charge on the capacitive Qutput |oad

di ssi pat es oveProguce dn OUPYOIERE. appr oxi mati ng the remaining length of the
sl ow cl ock. Thus, the biasing - arrangenent operates to regulate the
out put vol t age, HEB o f it h@,qgajﬂ'],ﬁ Gnd AgnidEKECce 69
during the sta 1‘“%%\%9 é’%%‘ﬁﬁ%- g‘%@g‘ﬁ%‘h\ég [‘YLeQ n curn ed‘p togt he
device 54. slgnals for enabling the clock circuit in response 10 an 1r_\:~.uffi_cier_1t output voltage,

and

' circuitry for enabling the bias circuit during a fraction of the total operating time

avztiiztble to the charge pump.

Claim 2. .A circuit for providing  regulated output voltage from a charge
purhp circuit while utilizing very low amounts of power as claimed in Claim 1 in

which the output voltage produced by the churge pump is negative.

CLum 3. A circuit for providing a reg'ulated output voliage from a charge
: pump uruut while unhsz very iow amounts of power as cl.umed in Claim 1in

which the bias circuit comprises:

T a volmLe d|v1der arran ued between an output termmdl of the chars.e pump and a

source of potentml cmd '

a comparator-circuit connected to function in response to a voltage produced by the

voltage divider.
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Wien the: pul se enabl e signal ends and the device 54 is disabled, the bias
circuit is turned off and the device 70 is disabl ed. However, the
hi gh val ued punp enabl e signal is then inverted and furnished to a P
type FET device 75. The device 75 is enabl ed to apply the source

voltage Vcc to the punp clock circuit 53 and di m [l mp 51.

This shuts the punp 51 off entirely. Sincgthe HHII“""S"I mﬂ

during the short tine of the pul se enabl e signal,” tHe &ctfal Spoter utilized
by the punp 51 is very small conpared to V\/nat ‘woul d be furnished were

the pump to @p:mglfun 8. u‘L iy g§t§m L%h@%&uﬂﬁﬂg}% m%vh\{@l{ %‘v{: Vi ower

regul at ed charge punp Cifc d be noted
that not onl Mw‘i’H%?%oxtn ﬁsé%'ar&hi‘.ﬁu @&mn&&ecl aﬁmm.rs%wcéeﬁent S of
the charge punp 51 because it runs for a very. short perlod it . also reduces
t he power reqU|renents because unlike nost regulation circuits, it
does not reqaidi®g.he A comElRASYREMAR chiimed WIS mﬂﬁéreme%lféﬁshgffmwst be
constantly furnishing power. For this reason. the circuit uses a very

smal | anount emiblipg wrerbigsasifeait dariiga fruction dfshoforal operatihgdhemp fav gilably fo.the

Al t hough the present invention has been described in ternms of a preferred
enbodi nent, ¢harge pimpeomprpsesci at ed t hat various nodifications and
alterations m ght be made by those skllled |n the art WIthOUt

departing fromthe spirit and scope of -
a transistor switch connected to a source of potentml

a source of enabling pulses for the tmnsistor switch,

a circuit for generating first current in response to the source of potential provided

by the transistor switch, and

© current-mirror circuitry for furnishing a current mirroring the first current to the

bias circuit.

Claim 10. ~ - A'circuit for providing a regulated output voltage from charge

pump means while utilizing very low amounts of power, the circuit comprising:
~ charge pump means.

‘means for pl_‘c_widing clock pulses to operate the charge pump means to produce an

. output voltage, o

. means for momtonns. the output volt.me of the charge pump means .md furmshmg
signals for enabling the meuns for provxdmg clock pulses in responee to an

_ insufficient output voltage, and



the i nvent| T invention should therefore be neasured in terns of the
W' o3t ﬁx PCT/U

cl ai s fol I ow. WO 95/ 26071 §95/03318
PCT/ US95/ 03318 wordline circuitry for accessing the
menory cells of a row of the: ﬂash ' EEPROM_nenory arvay—f or
reading and writing includi ng an isol ation transi stor, and

a circuit for providing a regul ated negative out put mﬁ“‘ﬂncﬂ‘ﬂulmmnungrge
punp circuit while utilizing very |ow anmounts of po t he
operation of the isolation transistor, the gjrcuit conpri ‘si hg

a charge punp circuit, a clock circuit for prOV|d|ng
cl ock pulses to operate the charge punp circuit to

produce an out %"P y for eﬂgﬁ négthe meaps for o omtormo the outﬁn %ﬁ‘?ﬂe%f tl?éjél{aré and

noni toring the ou

furni shing si g?ﬁhﬁ) rﬁé"fnsﬁﬂfm%h mgﬁ&gof%é’fblful %b&t‘ﬁﬁhé tifn@ d(/ﬁﬂ?)%‘%hé Eharge

an i nsufficient output vo rcurtty for
enabl i ng the blpﬁ&pcrhéﬁglt dur| ng a fractlon of the t ot al

Claim1l. A circuit for providing a regulated output voitage from charge
pump means while utilizing very low amounts of power as claimed in Claim 10 in

which the output voliage produced by the charge pump means is negative.

Claim 12. A circuit for providing a regulated output voltage from charge
pump means while utilizing very low amounts of power as cluimed in Claim 10in
which the means for monitoring the output voltage of the charge pump means

comprises

voltage divider means arranged between an output terminal of the charge pump

means and a source of potential, and

means functioning to compare a voltage produced by the voltage divider means

with a desired voltage.

Claim 13. . --"A circuit for providing a regulated output voliage from charge
. pump means while utilizina very low amounts of power as claimed in Claim 12 in
whu.h the volmae dw:der means Lompnses a pllll“lllt)’ of dxode (,onnected

_transx sxors devxces

Claim 14. A circuit for providing a regulated output voltage from charge
pump means while utilizing very low amounts of power as claimed in Claim 10in

which the means for enabling the means for monitoring the output voltage of the



operati n%t_i rre avai l abl e to the charge punp. Claim7.. A cdrrput er .
| 9598318

system a in Jdaim6 in which the bias circuit
a vol tage divider arranged between an output term nal of the charge punp
~and a source of potential, and a conpar ator-circuit connected
to function in response to a voltage produced by the vol t age di vi der.
WO 95/ 26071
PCT/ USO8/ 0331 IR ) IIIII IlllHHIII
Cl ai m 8. A corrputer systemas claipgpd in Caim6 ih which the’vol t age
di vider conprises a plurality of diode-connected transistors devices.
Claim9. A conputer systemas claimed in Caim6 in which the ci rcuitry
for e | I
operating ti r@@l}gé Eﬁ’frkb éxh% oﬁ?'f?l d ﬁ’a{tfon%k‘mﬁ’ISm?‘o%ér%?ﬁg :‘ﬁﬂe%uh%?e b e
fransistor Ssyhdedp g,gPtpﬁéah@go,{.,Qn@ssource of potential, a source of
enabling pulses for the transistor swtch, o a circuit for generating

first current in response to the source of potential provided
switching means for providing a voltage from a source of potential,

means for enabling the switching means,
means for generating a first current in response to the voltage from the source of
potential provided by the swiwhing means, and

means for furnishing a current mirroring the first current to the means for

- monitoring the output voltage of the chzxrge-pggmp means. ..
Claim 15. A computer system comprisin.g:
'p'rocé's'so_r means:
.. mdm me;mqry r.nea.l?s;
busing means associated wifh the prbcessor means and miin memory lnezlns; and

flash EEPROM memory array means including a plurality of memory cells -
| arranged in rows and columns,
" means for accessing the memory cells of a row of the flash EEPROM.
memory array for reading and writing including transistor isolation means,
~and - 0 oo S LR SR
“means for providing a regulated negative output voltage from charge purnp

means while utilizing very low amounts of power for controlling the



by the trags) wi tch, and current-mrror circuitry for

f ur ni shi ng'nggéf%o@it mrroring the first current to the CHU§25/03318
circuit. Cl ai m 10. A circuit for providing a regulated output

vol tage from charge punp nmeans while utilizing veryﬂ-ew\awm\
power, the circuit conprising: charge punp neans means

providing clock pul'ses to operate the charge punp neans tolg Hﬂﬂ
Qut put vol t age, means for nonitoring the output vol ﬂ ’!!1 ”,

charge punp neans and furnishing _ sigrgls for enabling t fe heams
provi ding clock pulses in response to an I nsuf fici ent out put

vol t age, and WO 95/ 26071

\|7\hc-|a_{ U|Sg5/c102?r1r2 dls: operation of &e mmsnitor 1so|auRn Jmeans, tpe ]laos% mSP% egl c:dm(sjl 17-
regul ated output volt f,{‘,om a charge punp circuit while utilizing
very | ow anounts of po “the circuit corrprl si ng: a charge punp

circuit,
~charge pump means,
means for providing clock pulses to operate the charge pump

means to produce an output voltage,

means for monitoring the output voltage of the charge pump means
and furnishing signals for enabling the means for provndmg, clock

pulses in response toan msufﬁuem output VOlIdéC, cmd

~ means for enabling the means for monitoring the output voltage of
the charge pump means during a fraction of the total operating time

“available to the charge pump means.

Claim 16. A computer system as cluimed in Claim 15 in which the means for

monitoring the output voltage of the charge pump means comprises

voltage divider means arranged between an output terminal of the charge pump

means and a source of potential, and

.means functioning to compare a voltage produced by the voltuge divider means

with a desired voltage.

Claim 17. A computer system as claimed in Claim 16 in which the voltage

divider means comprises a plurality of diode-connected transistors devices.

Claim 18. A computer system as claimed in Claim 16 in which the means for

enabling the means for monitoring the-output voltage of the charge pump means



a clock circuit for providing clock pul ses to operate the

circuit W@95/26071 nroduce an out put vol t age, a bi aggghg&ﬂ&?i?or

nonitoring the output voltage of the charge punp and furnishing

signals for enabling the clock ciruit

vol t age, and circuitry for enabling the bias circuit during
a fraction of the total operating tine arge punp.
Claim 2. A circuit for providing a regulat edﬂ“‘m ﬂ"m""gﬂeﬂﬂrom a
char ge punp circuit while utilizing very |ew anounts

claimed in daim1l in

regul at ed
very |low a
circuit conp

t er mi nal source of potential, and
corrparator ‘circuit connected to function in response to a voI t age produced
by the swikPidA9earif¥} pidviding u volliiee $n? & Gduree of potential,

({%Znﬁ’ﬁarge punp and a

PCT/ US95/ 03318

means for enabling the switching. means,

means for generating a first current in response to the voltage from the source of

potential provided by the switching means,and . ..

meuns for humshmu a currem mmormu the first Lurrem 10 lhe means for

momtoung the ourpul voh.u_e of the Lh.true pump me.ms

Claim. 19 _ A method for providing a régi:lated \)oltzige while using a small

amount of power comprising the steps of:

measuring an output voltage during a preselected fraction of a period during which

" the voltage is provided.
comparing the voltage to a sufficient output voltage,
~ generating clock pulses in response to a voltage less_:th'z_t_r_l a sufficient voltage, and

"~ operating a charge pump to produce. an output voltage o be measured in response

~ to clock pulses produced.

whi ch the out put voltage produced by t he
charge punp i s negative. Cl aim 3. Acircuit for providing a

R P QMR e TS i 112

a voltage d| Vi der arranged between an out put

in response to an insufficient out put

a



-20 - Cl ai m 8.

whi ch t he Y9 #3071 di vi der conprises a plurality of
transi stors devi ces. Claim?9.
Caim6 in which the circuitry for

a fraction of the total
conpri ses:
a source of enabling pulses for the transistor swtch,
for generating first current in response to the source of

operating tine availijghle to the

A conputer systemas clainmed in

di

char

a ci:
pot enti al

J’M@ﬁ’ﬁé&ged

A conputer systemas clainmed in
enabling the bias circuit during

ge punp

a transistor switch connected to a source of potenti al

rcuit

provi ded by the transistor switch__and current-mrror
circuitry for furnishing a current mrrofing the fjrst cufrent t gt he
bias circuit. Cl ai m 10. A cirguit gor providing a r&yuwated
out put vol tage from charge punp neans fwhigde| utiliz|ng very | pw
anounts of power, the circuit conprising m? — charge punp Aeans
means for providing clock pul ses+to—epesate the ch P means tp
produce an out put vol tagg, 'mea%s for nonitgring=ahe putput
vol tage of the charge punp neang and furpi shidg si gnal s&f or [enabling
the means for providing clock pylses in fespadse tp an 8
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insuffici t voltage. and WO 95/ 26071
PCT/ US95/ 8‘% PCT/US95/03318,

means for enabling the neans for nonitoring the output voltage of the
char ge punp means during a fraction of the total operating tine
avai l able to the charge punp neans. Claim1l. A circuit
for providing a regul ated output volta’f from charge punp neans
while utilizing very | ow anobunts of power as clainmed in Claim10 in

whi ch the out put voltage produced by the charge punp neans is negative.

Claim12. A circuit for providing a regul ated out put voltage from charge
punp neans while utilizing very.low anounts of power as clainmed in Caim1l10
in whi ch the nmeans for nonitoring the output voltage of the charge
punp neans conpri ses vol tage divider nmeans arranged between
an output termnal of the charge punp nmeans and a source of
potential, and means functioning fo conparg a vol tage produced by
t he vol tage divi der neans with a desinred volitage. Claim 13.
A circuit for providing a regul ated outpu v$|tagp from char ge
o _
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purrp rreanswﬁméhg?ﬁtl l'izing very | ow amounts of power as clai gpgnishsddsss M 12

e voltage divider neans conprises a plurality of
dlode connect ed transi stors devi ces. Cl aim 14. A circuit
for providing a regul ated output voltage from charge punp neans
while utilizing very | ow anmounts of power as3&ained in C-aim10 in
whi ch the neans for enabling the neans for nDnlto@;ng t he out put voltage of
t he WD 95/ 26071

PCT/ US95/ 03318 > - 22
charge punp neans during a fraction of tfe total operating tine
avallable to the: char ge punp means conpri seg: sSwW t chi ng neans
for providing a voltage froma source of potenti all, means for
enabling the sw tching neans,. means for gendrating a first current in
response to the voltage fromthe source of qtential provided by the
swi tchi ng neans, and means for furnishing current mrroring the
first current to the nmeans for nonitoring e out put vol tage of the
charge punp neans. d ai m 15. A conputer dystem conpri sing:
processor neans: mai n menory mnmeans; bLsdhg means associ at ed

with the processor neans and main nenory neans; ard
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flash EEPRQM s&ygg4y array means including a plurality of memg, ﬁ@%ﬁls
arranged i-n rows and col unms means for accessing t nenor
celts of a row of the flash EEPROM menory array for readlng
and witing including transistor isolation neans, and

means for providing a regul ated negative oytput voltage from charge punp
means while utilizing very | ow anounts of wer for controlling the WO
95/ 26071

PCT/ US95/ 03313

- 23- operation of the transistor isolation neans, the |ast
ment i oned means conpri si ng charge punp
nmeans, means for providing clock pul ses to operate

t he charge punp means to produce an out put, vol t age,

means for nonitoring the output voltage of the charge punp neans

and furnishing signals for enabling the neans for providing cl8rk
pul ses in response to an insufficient output voltage, and <S
means for enabling the nmeans for nonitoring the output voltage ¢f
t he charge punp nmeans during a fraction of the total operating tine
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avai l able to the charge punp mneans.
as claimed i npqlwn 15 in vmmmmmmoﬁmvommmm toring
vol:t age of the ¢ arge punp neans co Burean vol t age divi der neans -
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A circuit for providing a regulated output voltage from a charge pump circuit (51) while utilizing very low amounts of power. the
circuit including a clock circuit (55) for providing clock pulses to operate the charge pump circunit to produce an output volwge, a bias
circuit (54, 56-60) for monitoring the output voltage of the charge pump and furnishing signals for enabling the clock circuit in response
to an insufficient output voltage, and circuitry (63-67, 69) for enabling the bias circuit during a fraction of the tool operating time available




means for generating a first current in response to the voltage fromthe
sour ce of potential provided by the sw tching neans, and: .

means for furnishing a current mrroring the first current to the neans for,
noni toring the output voltage.of the-charge punp nmeans. - - . Clain119

A method for providing a regul ated voltage while using a small

amount of power conprising the steps of: . measuring an out put

vol tage during a preselected fraction of a. period during which . the
voltage i s provided. : conparing the voltage to a sufficient output
vol t age, generating.clock pulses in response to a voltage |l ess than
a sufficient voltage, and - - - operating a charge punp to produce an
out put voltage to be neasured in response - .to clock pul ses produced.
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