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BACKGROUND-CF THE I NVENTION Field OF The Invention .This invention relates
to conputer systens and, nore particularly, to t hRIEPIMCERPPEBERTSIS f 08G
utilizing sequential programing of memory cell §[] De@riplias hpaged ........ to paged ..........
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order to reduce the current and power utilized. jH Bta¥Ye(EY : f4p8d PLl.0b pAgdd
Ther e has-been a recent trend toward | oweriing t e RBWRIc M CAMEETENtS pQfed ...
portabl e conputers. In order to reduce power cons Lon _pach of the oo
Integrated circuitry used in personal conputers
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at | ow vol tage IssRIENTIRLE PROGRAMMINGA G GOV tEERRSR MEMQRY t abl e
conputers are béing designed to operate at voltage levels such as 5 volts
and 3.3 volts and to use less current. This helps a great deal to reduce

the power needs fcﬁ&ﬁ%&@%ﬁﬁﬁ%mﬁ@@ﬁ@“\: sone of the features of

portabl e conputéers requite higher vol t‘ageé. Recently, flash

el ectrically-erasabl e programmabl e read only menory (flash EEPROM nenory)
has been used tﬁéi@iiak%&ﬁ;@_‘bcesses. This nenmory may be erased and
reprogramed w thout removing the BIGS circuitry fromthe conputer by
running a smal | THRAAVEBh s OMdRIputen ey sHnidanal; mosSedcularty, chmateds and

However, erasing and repragr.anm ng flash E Rggf- [ '
appr oxi mat el y paﬁﬂ’avf%‘“%&?t“é'gfﬁg 3‘?%’8?%’ POgrEITREN \%F}%ﬁy %Jr%gqr%gg%omer vol t age
batteries provi drdtricallpersaiaprogmmpublerreadondy memony(flash EEBROMrasiaz it ng t hi s
voltage.. I n ot h%;deﬁ!t(?%h{,g%gc R04E Stlisdiar ge punp circuits have been

i gh vol tage

used to provide a rom ower voltage source. However, even
t hough charge punps have | ong been avail abl e which are capabl e of ‘providing
the vol tages ne f The Peorddtt anri ng and erasing fl ash EEPROM nenory

arrays, no arrangeneht had been devised until recently for utilizing these
charge punps t o TheRMiad BediErevét trefie Hwastidedrihg tiegooeptagaierens ofpprable
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sour ce. used in personal computers is being redesigned to run at low voltage levels. The

circuitry and components used in portable computers are being designed to operate

at voltage levels such as 5 volts and 3.3 volts and to use less current. This helps a

great deal to reduce the power needs of such computers.

However, some of the features of portable computers require higher voltages.
Recently, flash electrically-erasable programmable read only memory (flash
EEPROM memory) has been used to store BIOS processes. This memory may be
erased and reprogrammed without removing the BIOS circuitry from the computer
by running a small update program when the BIOS processes are changed.
However, erasing and reprogramming flash EEPROM memory requires
approximately twelve volts to accomplish effectively; and the lower voltage
batteries provided in personal computers are not capable of furnishing this voltage.

In other electronic arrangements, charge pump circuits have been used to provide a
~high voltage from a lower voltage source. However, even though charge pumps
have long been available which are capéble-of providing the voltages necessary for
programming and erasing flash EEPROM memory arrays, no arrangement had
been devised until rccenﬂy for utilizing these charge pumps to provide the voltages
needed to accomplish erasing and programming of flash EEPROM memory arrays
using those positive source erase techniques which are used when 12 volts is

available from an external source.



2 The primary reason for the failure is the universal perception that

I nsufficient current can be generated using charge .punps to acconplish the
erase and the programm ng processes. The positive saurce nmethod of erasing
fl ash EEPROM nenori és draws a very. substantial anount of current.

Simlarly, programm ng such arrays using traditional techniques has
required | arge amounts of current. However, recently it has been di scovered
t hat using specially designed charge punps sufficient current can be
generated to acconplish positive source erase and the concon tant
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t oget her (or at ypi ca this requires
t he appl i cati onaod assigred ¢o thg|assignes otﬂ@mnb@verém nal s of all of the
menory cells, the grounding of the gate termnals, and the floating of the

drain dt erninal sy %Eﬁﬂt Bémbﬁmmﬂslll mmlmaﬁteaehh pﬁrﬁ b YPiedadd thie anoempfi shed
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techni ques, progARRIHSId vBltadeS TR tShBH thansistor making it less conductive. The
condition of the memory transistors (programmed or erased) may be detected by
interrogating the cells and sensing whether current flows or not. The conventional
method of erasing an array of flash EEPROM memory cells (called positive source
erase) erases all of the cells together (or at least some large block thereof).
Typically, this requires the application of twelve volts to the source terminals of all
of the memory cells, the grounding of the gate terminals, and the floating of the
drain terminals. The programming of memory cells is typically accomplished a
word at a time but conventionally requires that the drain of selected cells be placed
at six or seven volts, the gate at eleven or twelve volts, and the source at ground.
This programming operation draws substantial current because the gate terminal is
raised above the level of the drain and source terminals while a significant potential

difference is placed between the drain and source terminals.

. As mentioned, using conventional techniques, programming is accomplished a
word at a time. The simultaneous programming of each bit of a sixteen bit word
requires approximately one milliampere of current so that programming one word
draws approximately sixteen milliamperes. The peak current drawn during the



word at a time. The sinultaneous progranm ng of each bit of a sixteen bit

word requires approximately one mllianpere of current so that progranm ng
one word draws approximately sixteen mllianperes. The peak current drawn
during the conventi onal programm ng operation may be as high as forty

mllianperes. This is a very |large anmount of current and requires bigger
charge punps with larger capacitance if charge punp circuits are in fact to
be used. These bigger charge punps with | arsge capacitance require a |arge
amount of die space and therefore are -counterproductive in producing

por tabl e comput epsvenliBhf PYS¥raminiiglsiperkiOf nfdybe 4k highe ferey MillAmApaed MHis be
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a charge punp to generate a high voltage output, a plurality of swtching
circuits joined to the output of the charge punp for selecting individual
subsets of bitlines making up a word of data, and neans for sequentially
selecting the switching circuits to transfer current to the bitlines

wher eby the current



necessary to programa word is divided over a nunber of individual
sequential periods in none of which periods does the current required
strain the capability of the charge punp to furnish current. These and

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

t hroughout the several views. 5 Brief Dascription O The Drawi ngs Figure
1 is a block diagramillustrating a conputer system which may utilize the

present inventi @mbi QW theenfo! OCk diagramof a circuit for providing

programm ng and erase voltages for flash EEPROM nenory arrays. Figure 3 is
a bl ock di agram_of gqra ge Wﬁé\t’gwh rra be.used in.the CII‘CUIthf Fi gure
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t echni ques. Fi guyéducthg the aurbdnd edquideraemsfor pfogeantrningflash EEPROMnetarcce Wit h t he
present invention for controlling the output voltage of a charge punp such
as that illustr-&8f>in Fi gure 3. Figure 5is a flowehart illustrating a
first method of practicing the present invention. Notation And Nomenclature
Sone portions oflt isksotiet chi¢ce df e praseptinvspioniviRepVidem svrngemepfeseducas i n
terms of synbol iyge i&%&ﬁ%@é@&&Q&spreémﬂﬂﬁﬁﬁﬂésﬁ'mmmﬁ&n&'yta&a ot 18va

conput er menory. These descriptions and resent ations, are the neans used
by those skil | edvher Suh cHEEMS mabséew‘ﬁ da*%ﬁgfes@tﬁﬁ’d‘éic%c%‘é?PWBPW‘E:‘BWey t he

subst ance of th@sfna\wﬂfamz@naﬁ,heraeslkachl ed in the art. The operations are
those requiring phyS| cal mani pul ati ons of physi cal quantities. Usually,
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for reasons of GRURY JfS@HEhing irdufth inddlo tHREREpuE bEIRIcRards plinb or selecting
individual subsets of bitlines making up a word of data, and means for sequentially
selecting the switching circuits to transfer current to the bitlines whereby the current

necessary to program a word is divided over a number of individual sequential
periods in none of which periods does the current required straip the capability of
the charge pump to furnish current.

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.



val ues, elenents, synbols, characters, ternms, nunbers, or the like. It
shoul d be borne in mnd, however, that all of these and simlar terns are
to be associated with the appropriate physical quantities and are nerely
conveni ent | abels applied to these. quantities. Further, the manipul ati ons
performed are often referred to in ternms, such as addi ng or conpari ng,

whi ch are commonly associated with nental operations performed by a human
operator. No such capability of a human opesator is necessary or desirable
in nost cases in any of the operations described herein which form part of

6 the present iyggﬁgg&ﬁ&mp—p&gg;m are machi ne operations. Useful
machi nes for pertormng e operatrons of the present invention I ncl ude
general purpose digital uters or other simlar e ases
the distinction P8Pkl 2 &8 “IEPHS BT 6B ‘F'Bt“l' }%“%u‘%lzﬁfer and

the method of cophesdnairventiort.sel f shoul d be borne in mind. The present
i .nvention rel at es to apparatus and to a nmethod for operating a conputer in

processing el ec{ I ; A¥gbeaad signals
to generate ot h %sr ge&%«% ag((“,l&'ll-'g)f‘1 %mﬁ?gwldlﬁﬁﬁ%wd}’&scrl ption

Ref erring now towﬂtagm@rﬂasft EPBOMH\CHDD‘SQIT%’ESed a conputer system 10. The
system 10 includes a central processor 11 which carries out the various

i nstructions pr 0!“‘1' drd %Q idkk dissrimioth cﬂngé plﬁmphmlanﬁdiﬁbd @8 in theeircwindf al
processor | | is ,jOI ned to a o rpation to various
components of t hEg8ifst @rﬁ‘%‘ge H@r‘%ﬁla’l‘g "%ﬁgtsﬁﬂgicieft f‘% pl%l e WBRSTY2E3 whi ch

is typically congthkniqied of dynam c random access nmenory arranged in a
manner wel |l known to those skilled in the prior art to store information

during a period ﬂu}% ggg@&w,agf%n mﬁgqgaﬁpkntaec&{@&gémmﬂe Pdsenfirnvenddi Bed to

the bus 12 is read I nc e various nenory deyices
wel | known to th@moﬁmgrthequtpnt \tqhegerpﬁacélamp@fnwmﬂhét illustrated in Figure 3.

Figure 5 is a flow chart illustrating a first method of practicing the present

invention.

Notation And Nomenclature

Some portions of the detailed descriptions which follow are presented in terms of
symbolic representations of operations on data bits within a computer memory.
These descripﬁons and representations are the means used by those skilled in the
data processing arts to most effectively convey the substance of their work to others
skilled in the art. The operations are those requiring physical manipulations' of
physical quantities. Usually, though not necessarily, these quantities take the

form of electrical or magnetic signals capable of being stored, transferred,
combined, compared, and otherwise manipulated.' It has proven convenient at
times, principally for reasons of common. usage, to refer to these signals as bits,
values, elements, symbols, characters,' terms, numbers, or the like. It should be
borne in mind, however, that all of these and similar terms are to be associated with
the appropriate physical quantities and are merely convenient labels applied to these
quantities. -
Further, the manipulations performed are often referred to in terms, such as adding
or comparing, which are commonly associated with mental operations performed
by a human operator. No such capability of a human operator is necessary or
desirable in most cases in any of the operations described herein which form part of



adapted to retain a particular nmenory condition in the absence of power to
the system 10. The read only nenory 14 typically st.ores various basic
functions used by the processor 11 such as basic input/output processes and
startup processes typically referred to as Bl OS processes. Such nenory 14
may be constructed of flash EEPROM nenory cells adapted to be nodified as
various ones of the BIOS processes used by a particular conputer are
changed. If the nmenory 14 is constructed of6 fl ash EEPROM nenory cells, it
may be nodified by running an update process on the conputer itself to
reprogram t he vahdigEsent aiveskion? tieuperationy are hihchiliy pperations, Usefith nfachisés floEPROV

menory will include -€ircuitry for ogramin d. I Ly qarray.
Al so connect ed PETIPHRINGHE (ipf¥a<§ﬂ985 9@‘?’? g[fgc ér}vi%ﬁ Kgnr Q?fugt?) Lﬁ%%ﬁea!’tg ggg‘s;g@ﬁ}{%ls | ong
term menory 16 abshpoietsetidthier ssnitdn dawices. fln alheases fiealistingtiembaiweernthg methagday  be
witten which i e dr ef | i ptor 18
For di oplay. ThPEanSss DoPERLAL 5 Somperihalid ooy b‘?’é?%“n‘%*‘r#%ﬁ‘f“mb&
(typical |y el ectooranmmind.cZhe prssent Hivertiqn felates)o ARPAFRIPS and{8Rrinethog 6 se

skilled in the apboifPWReYRputef Alp6tesiiReBetitalloy Bikeale &£ heehimide dhamicapl har d
di sk drive, a flash E

] P menory array pay pe.used gs the long term nenory
16. Such flash PBPRENISHIAEI)S éﬁgﬂﬁfémﬂF%QREWWzﬂggﬂﬁ erased through .
t echni ques which utilize voltages greater than those typically available to
the integrated circuits of nore advanced portable conputers. Such flash
EEPROM nenory arrays typically include circuitry for programm ng and
erasing the nenory array. Consequently, in accordance with the present
i nvention, such long termnenory arrays as well as nenory 14 may provide
circuitry for generating high voltages fromthe | ower voltages avail abl e
fromthe batteries typically utilized with such conputers. A flash
EEPROM nenory array is made up of nenory cells which include floating gate
field effect transistor devices. Such nenory transistors nmay be programmed
to change the charge stored on the floating gate, and the condition of the
transi stors (progranmmed or erased) may be detected by interrogating the
cells. The conventional nethod of erasing an array of flash EEPROM nenory
cells (called positive source erase) erases all of the cells together (or
at | east sone | arge bl ock :




thereof). Typically, this requires the application of twelve volts to the
source termnals of all of the nmenpry cells, the grounding of the gate
termnals, and the floating of the drain term nals. The programm ng of
menory cells is acconplished a word at a tinme in accordance with the data
furni shed but conventionally requires that the drain of selected cells be
pl aced at six or seven volts, the gate at el even or twelve volts, and the
source at ground. Although it has been typilcal to provide charge punps to
generate hi gher voltages when only | ower voltages are avail able, such
charge punps hayetaned Degemptiwsed for erasing and programm ng flash EEPROV
nmenory arrays. Although such charge punps are able to raise the voltage to

an appropri at
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constructed of flash EEPROM memory cells, it may be modified by running an
update process on the computer itself to reprogram the values stored in the memory
14. Typically, such flash EEPROM memory will include circuitry for
programming and erasing the memory array.

Also connected to the bus 12 are various peripheral components such as long term
memory 16 and circuitry such as a frame buffer 17 to which data may be written
which is to be transferred to an output device such as a monitor 18 for display. The
construction and operation of long term memory 16 (typically electro-mechanical
hard disk drives) is well known to those skilled in the art. However, rather than
the typical electro-mechanical hard disk drive, a flash EEPROM memory array may
be used as the long term memory 16. Such flash EEPROM memory arrays are
programmed and erased through techniques which utilize voltages greater than
those typically available to the integrated circuits of more advanced portable

- computers. Such flash EEPROM memory arrays typically include circuitry for
programming and erasing the memory array. Consequently, in accordance with the
present invention, such long term memory arrays as well as memory 14 may
provide circuitry for generating high voltages from the lower voltages available

from the batteries typically utilized with such computers.



EEPROM nenory transi stor devices 28. Each of the sets of sw tches and
decoders 24, 25, and 27 is controlled by signals froma control circuit -29
to provide appropriate voltages at erase and programmi ng to acconpli sh
those results. In one enbodinent, the control circuit 29 is a

m croprocessor designed to provide control of all of the operations of the
menory array 26 including reading, progranmm ng, and erasing anong ot her

t hings. The use of such a control circuit i% described in U S. Patent
Application Serial No. 08/ , entitled Flash Menory Array Svstem and
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charge punp without the need to utilize an inordinate anpbunt of die space
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terminal Vout. |gpptoM Riekhos) #H& &asdsn tHelddhedatiBndl potitive Souicelmannzf from a
source of clock signals 34 by capamtors 35 and 36. A second set of input

- clock signals arI?lgLr%rZr}L Sar?)?cgckfdrngrxgn%1 whic ﬁustrates%ll ?Ctegrated circuit 20 including a
flash EEPROM memory array 26 and circuitry for programming and erasing the
flash EEPROM memory array 26 utilizing positive source erase techniques. This
circuit 20 includes a source of voltage 21 such as a low powered battery capable of

" fumnishing five volts. Voltage from the source 21 is provided to a pair of charge
pump circuits 22 and 23. The charge pump circuit 22 is devised to provide a
pumped output voltage of approximately twelve volts while the charge pump circuit

23 is devised to produce a pumped output voltage of approximately nine volts.

Voltage from the charge pump 22 is furnished to a set of wordline switches and
decoders 24 which, in a mahner well known to those skilled in the art, provide
voltages at the gate terminals of flash EEPROM memory transistor devices 28 (only
one transistor device 28 is illustrated in Figure 2). Voltage from the pump 22 is
also furnished to a set of source switches and decoders 25 which, in a manner well
known to those skilled in the art, provide voltages at the source terminals of flash
EEPROM memory transistor devices 28. The voltage furnished by the pump 23 is
furnished to a set of. bitline switches and decoders 27 which, in a manner well



10 signals 37 via capacitors 38 and 39. Each stage of the circuit 30

I ncludes an N channel field effect transistor device 40 or 41 providing a
pat h between source and drain termnals to the gate term nal of the

associ ated device 31 or 32 of that-stage. The punp 30 illustrated is a two
stage punp which may be used as the punp 23 illustrated in Figure 2 to
generate progranmm ng voltages for the drain of the device 28. The two
phases of input clock pul ses (phase 1 and phase 2) produced by the sources
34 and 37 are applied in a unique manner in order to allow the operation of
the circuit 30 . timopmaduinse skifled 2sthe e, provife volvages aghs daittentinaBnif flasiihe t wo

phase clock sig chosen_so. t hat. rl be, _seen
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hi gh voltage at the drain transfers charge fromthe capacitor 38 to the

capacitor 36, reggé lw/etrhiehmfﬁégm:ioﬁv&i lsa},homatsb]@wnmﬁfmﬁmmd@r{é ¢6ltades
Thi s causes the valtage at

the deyice 32 to pe, hj r than
either the drai r’r"rBFh &E%"Y@@Pg"éﬁﬂ ‘9%‘@"’&‘89‘?8 %??WW&F@% %W%ﬁﬁ%?‘@gif‘nbn
wi t hout any thraab@}aéewpérhﬁ@ﬁ wdin@(posifivel Souréderaser tacigiiqres. O s cinatgpesebi,abe t he
capacitor 38 to the ¢

t hreshol d drop 55%?3’% d‘@y{“&’&' %ﬁ'mﬁgél %u"icgh{a?l ﬁgstnﬁ"&%\% \%%Eg%?, g@gﬂdé? t he
drai n and sour cahofourdegeniainalod tixdeyingi28, groumtjoradpphied ta the gatelitrgealgandithe

gate of the coniggh pd9ihie8. Hhrihg proprifflind, BN theWihe? hafi thOluRGSis piddly

sour ce of

grounded while twelve volts is applied to the gate terminal and six or seven volts is
applied to the drain terminal. Because the gate terminal is raised to a potential
greater than either the source or drain temlir_ials and a substantial potential is applied
between source and drain terminals, substantial drain current will flow. Because of
this substantial drain current when programming is conducted, the source of the
programming voltage must be able to furnish a substantial amount of current. Prior
to the invention of the ¢opending patent application, it was not believed that a
sufficient amount of current could be furnished for this purpose by a charge pump
without the need to utilize an inordinate amount of die space for capacitoré.

Figure 3 illustrates a bootstrap pump arrangement 30 as described in the
aforementioned copending patent application which may be utilized to provide the
high voltages and currents required for programming and erasing flash EEPROM
mMEemory arrays in accordance with this invention. As is shown in Figure 3, the
pump 30 includes a number of stages of N type field effect transistor devices 31,
32, and 33 each having drain and source terminals connectzd in series between a
source of voltage Vcc and an output terminal Vout. Input clock signals are
furnished to the circuit 30 from a source of clock signals 34 by capacitors 35 and
36. A second set of input clock signals are furnished from a source of clock



the device 32 so that the control device 41 starts to turn on. This tends
to raise the voltage at the drain of the device 32.to the level of the gate
of the device 32 so that current does not flow back through the device 32
fromthe capacitor 36 to the capacitor 38. Wen the phase 2 cl ock pul se
goes low, the drain of the device 41 drops |ower than the gate; and the
device 41 continues to turn on. Simultaneously, the gate termnal of the
control device 40 is lowered turning off th@ device 40 so that the drain
and gate termnals of the device 31 are isolated fromeach other but at the
tSf:rns* \éol tage. r@%nhﬁ\ﬂer\FMpﬁéit&h%Mﬁii’%&chttag«heﬁgatmmﬁﬂ inelodes/arc 32 when
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the capacitor 38lustated@:FiQUEloBeRsAlCPEPSTIRBEINE YoHtages for e fraip %&‘& FRftial ly
equal, but thenjghe drain voltage drops as charge is transferred to the
capacitor of the next stage so that the devices are sw tched conpletely on
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drop. on, its drain and gate are initially at the same value. The drain and gate have been
brought to this value by the conduction of the device 41 during the immediately
preceding period in which the phase 1 clock signal was high. However, since the
phase 1 clock is now low, the control device 41 joining the drain and gate of the
device 32 is off. Thus, after the device 32 has been on for any significant portion
of the high phase 2 clock period, the high voltage at the drain transfers charge from.
the capacitor 38 to the capacitor 36, reducing the voltage level at the drain of the
device 32. This causes the voltage at the gate of the device 32 to be higher than
either the drain or the source; and the device 32 switches completely on without any
threshold voltage drop. Thus, the transfer of charge from the capacitor 38 to the
capacitor 36 does not dissipate power due to a threshold drop once the device 32

begins to turn on.

As the voltage at the drain and source of the device 32 begin to equalize, the voltage
at the gate of the control device 41 is raised along with the voltage at the source of
the device 32 so that the control device 41 starts to turn on. This tends to raiSe the
voltage at the drain of the device 32 to the Jevel of the gate of the device 32 so that
current does not flow back through the device 32 from the capacitor 36 to the
capacitor 38. When the phase 2 clock pulse goes low, the drain of the device 41
drops lower than the gate; and the device 41 continues to turn on. Simultaneously,



Thi s operation provides the desired output voltage while furnishing the

hi gh | evel of current necessary to erase and program fl ash EEPROM nenor.y
arrays. The two stage punp circuit 30 illustrated in Figure 3 furnishes
approximately N (where N is the nunber of stages) plus one tines the

vol tage of the source Vcc less the Vit drop of the device 33 as open circuit
vol tage at the output termnal. For exanple, with Vcc equal to 4.4 volts,
an out put voltage of 12.7 volts is furnishdd at the output of the punp
circuit 30. Thus, as may be seen,  the arrangenent of Figure 3 provides a
reliable charge gpamgprecénmingl of rmzmahﬁ-@ deficpA® duowergd hirging lofftbe deode 4Uisa ent .
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capabl e of provi ?‘ﬁ@gb‘ g g vol t age \ym ch may be used at the source
terminals of the B §e% r'lhﬁé 8f §fng or at the gate termnals
during progranmmi ng. As will be apparent to those skilled in the art, the
charge punp ci r cTie dayiceS lfunations gnmmlﬁéslhgdc\pm32/@“{88@@8'"?&@&@9@thﬁ?ts whi ch
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punps were abl e fher the BWEES ard-VIRYEd corhpletelydrant @xpietcend tadshsld vbitageent
current is ava|I bl e for programm ng, a new progranm ng arrangenent has
been devised. |1n®@Pder to further reduce the current used in progranmm ng

t he nenory cel I s of the flash EEPROM nenory array, a circuit in accordance
with the presentThusyvehtn te phas baeck goes highethe dewvice Bl turgs ers@ind currenther t han
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prior art arran are gro ra d sequenti al four bits at
a time. In this lewhedevieas hayitghaanfts dhen !hPPQﬁsﬁ@r"é%Ck’déﬁlﬁ?dums on the device

32; and the capacitor 38 provides stored charge and charge due to the phase 2 pulse
to the capacitor 36. The device 32 switches off when the phase 2 pulse goes low.
When the phase 1 pulse again goes high, the source Vcc again charges the capacitor
38. .

Ultimately, the charging of the capacitor 36 and the positive swing of the phase 2
clock pulse raise the voltage level on the capacitor 36 sufficiently above the level
Vout to cause the conduction of the switching device 33. When the phase 1 clock
goes high, the output device 33 turns on and furnishes a pumped voltage at Vout.
It should be noted that the last stage operates in a range in which it exhibits a Vit
drop.

This operation provides the desired output voltage while fﬁmishing the high level
of current necessary to erase and program flash EEPROM memory arrays. The
two stage pump circuit 30 illustrated in Figure 3 furnishes approximately N (where
N is the number of stages) plus one times the voltage of the source Vcc less the Vt
drop of the device 33 a's_ open circuit voltage at the output terminal. For example, |
with Vcc equal to 4.4 volts, an output voltage of 12.7 volts is furnished at the
output of the pump circuit 30. Thus, as may be seen, the arrangemént of Figure 3
provideé a reliable charge pump circuit capable of producing high levels of current.



required at once to programthe array, only 4 mllianperes is required at
any instant. Consequently, both the average and peak currents are reduced
to val ues which may be conveniently provided by the charge punp circuits
illustrated. In order to reduce the current required at the output of the
charge punp 30 of Figure 3, the output voltage provided by the charge punp
30 is connected to provide the drain voltage necessary to program sone
subportion of a word. In an enbodinent illué2rated in Figure 4, the output
of the charge punp is furnished in sequence to subsets of four bitlines by
sets of sw t ches ThhipompSOaestiated imiFigurd Bimag bk usa td éradh tig: sourcewioltage | n _
this manner, a char SRNOV] rogram
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punp circuit elenents. In,partjcular cases, .either.. nore or fewer bitsg of a
Word might  be. pr OUPBNRERE MR Stefrest BraptpEpLAIPEAE a1 cBlpyt Heise iy
provi des an out putay\beluseba tiznsburencrentalsbi tbé memonserdls fdonngperagingonatnbe a wor d
of the menory ary, ] Lé?ﬁg » 1S provided to four individual
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I nput control signals froma state machine 42 which enabl e _the connection
of the voltage pPswWiHbg apparendo bossskilleskinthesart, thercharss primpicircuih ef Biguee3
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enbodi ments to fthehsufficienicugnniis available Joriregrasnrg @UEMTQSragEning shown in
Figure 5 which ijda3bihmsbbsh ddvidegof the programm ng process, a first
enabl e signal is generated by the state nmachine 42 and transferred to the

first swtching In order to further reduce the current used in programming the memory cells of the
flash EEPROM memory array, a circuit in accordance with the present invention
has been providcd. In this circuit, rather than programming all of the bits of a word
simultaneously as has been done in prior art arrangements, the bits are progra:mnéd
sequentially, four bits at a time. In this manner, rather than 16 milliamperes being
required at once to program the array, only 4 milliamperes is required at any
instant. Consequently, both the average and peak currents are reduced to values
which may be conveniently provided by the charge pump circuits illustrated.

In order to reduce the current required at the output of the charge pump 30 of
Figure 3, the output voltage provided by the charge pump 30 is connected to
provide the drain voltage necessary to program some subportion of a word. In an
embodiment illustrated in Figure 4, the output of the charge pump is furnished in
sequence to subsets of four bitlines by sets of switches which cooperate with the
column decoding circuitry. In this manner, a charge pump need only provide
sufficient current to program four memory cells simultaneously. Operating in this
manner requires only approximately four milliamperes of average programming
current during any programming interval rather than the sixteen milliamperes which
is typical of prior art arrangements. It will be understood that the number of bits



circuit 44 of the individual switching circuits 44-47. The circuit 44
controls, for exanple, the transfer of voltage to bits 0 through 3 of the
word sel ected to be programed. This first enable signal allows the voltage
provided by the charge punp 30 to be applied to the four bitlines connected
to that switching circuit 44-47 which are to be programed for transfer to
the drain termnals of the menory devices. In each case, the actua

bitlines to be programed are sel ected by tike col um decoding circuitry 49.
Once the appropriate ones of the bitlines of the first,/subset of bitlines
have received th&l&m@lﬁﬁﬁrsh@%&omeqiﬂo starnimad és £ fuacnidniod uma:rgetcpnpnq:meﬂaand
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signal is generated by the state machine 4 r‘rg transferrcd to the fms t switching
circuit 44 of the individual switching circuits 44-47. The circuit 44 controls, for
example, the transfer of voltage to bits 0 through 3 of the word selected to be
programmed. This first enable signal allows the voltage prdvided by the charge
pump 30 to be applied to the four bitlines connected to that switching circuit 44-47
which are to be programmed for transfer to the drain terminals of the memory
devices. In each case, the actual bitlines to be programmed are selected by the
column decoding circuitry 49. Once the appropriate ones of the bitlines of the first
subset of bitlines have received the appropriate high voltage from the charge pump
30 and programming has occurred, another (second) enable signal is generated by
the state machine 42 and transferred to the second of the individual switching
circuits 45 so that the voltage provided by the charge pump 30 may be applied to
those ones of the four bitlines (for example, bits 4 through 7 of the selected word
being programmed) connected to that switching circuit 45 which are to be
programmed. This generation of enabling pulses and programming of sets of four
bitlines continues in sequence through the subsets of four bits of selected words
until all of the bits of the word have been programmed. After each set of four bits,
a test may be run to determine whether additional sets of bits exist in the word
which are yet to be programmed. After the word has been programmed, its



whi ch fol | ow. 15 What Is Cained Is: Caiml. A conputer system
conprising: a central processor; a nenory arrangenent conprising: a flash
EEPROM nenory array including a plurality of floating gate field effect
transi stor devices, a first charge-punp for providing a first positive
voltage to be applied to drain termnals of the floating gate field effect
transi stor devices during a programm ng operation, a plurality of sw tching
~circuits each connected to receive the first4apositive voltage provided by

‘ the first charge punp and for transferring that first positive voltage to a

sel ect ed p} urali bﬁg@m@h@er?{ﬁtebiby kdsHRS dath i the n_ﬁh’fo@’![)osi\t!i&s Iagﬂ'hf;z thc}( |
circuitry for en ing. urality of, swtchi.ng circuits in a selecte
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bet ween t he cent irathe popomdsggateanappiibaiomentided BashavigmonnimayChystam 2nd A
conput er system ' | | ' j t: i i b 19
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until each subgr qyR Réthéd'6f fRbgraminin@suMiadhid1f V8RS he RIRSH 2B flghith M 3.
A conmputer systemas clainmed in 1 in which each of the 'subgroups

Clai m
i ncl udes four bi F*“’rrﬁ"egl.’mptf)‘-“’mePgs.hPmﬂiF}EmBB&'puter system as set forth in
claim 2, further conprising colum decode circuitry coupled to the
sw t chi ng ci r cui Although the present invention has been described in terms of a preferred

embodiment, it will be appreciated that various modifications and alterations might
be made by those skilled in the art without departing from the spirit and scope of
the invention. The invention should therefore be measured in terms of the claims
which follow. _



select the bitlines of a subgroup to connect to receive the first voltage
such that selected bits are programmed. 4. A conputer system as cI ai rred
inclaim1 in which each of the subgroups includes four bitlines

conputer systemas clained in claim1 in which the pLLLLa-I—I—t—y——e-f—'S‘WI"I;TC‘ﬁT_I’Tg

circuits conprises four switching circuits, a switching i
plurality of switching circuits coupled to a corresponﬁd m mmfwr
bitlines. 6. A conputer systemas clainmedsn claimil

plurality of means for transferring the first p03|t|\/e voltage to a

sel ected pluralitWwhatfs RgEgayps of bitlines of the array neans conprises
four switching circuits, a swtching circuit of the plurality of switching

circuits coupled to a correspondlng subgroup of four bitlines. 7. A
menory arrangenment conprising: a flash EEPROM nenory array including a
plurality of floating gate field effect transistor devices, each floating
gate field effecClamdnsi st Arcotgputet eyssdnotompyisiig: | east one bit, a first
charge punp for-providing a first positive voltage to be applied to drain
termnals of the ‘f:én%%; ggesﬁglte field effect transistor devices during a
progranmm ng oper at| on, urality of switching circuits each coupled to
receive the first positive voltage provided by the first charge punp and
for transferri ng? PREOLY AFASCHERYCOMPESYF| t age to a sel ect ed subgroups of a
plurality of subgroups of bitlines of-the array, -17- and logic

circuitry coupled to ifNsshEEPROM HefbrySiviay altiudéhgl pleralitySoffloatisadt filg t he
plurality of swtchi n%{. %Bcw%tm Jgn a sel ected order such that a sw tching
circuit of the plural 93? TR ﬁij circuits is enabled to couple the
first positive voltage to a sel ected subgroup of the plurality of subgroups
of bitlines until theafitsbeharggpuyap for praviiding4 fisst posithenwiltegoto tdapphiedksto

drain terminals of the floating gate field effect transistor devices during a
programming operation,

a plurality of switching circuits each connected to receive the first positive
voltage provided by the first charge pump and for transferring that first
positive voltage to a selected plurality of subgroups of bitlines of the array,

and logic circuitry for enabling the plurality of switching circuits in a
selected sequential order; and '

a system bus for transferring data and addresses between the central processor and
the memory arrangement.

Claim 2. A computer system as claimed in Claim 1 in which the logic _
circuitry for enabling the plurality of $witching circuits in a selected sequential order
is a state machine which enables the switching circuits one after another until each
subgroup of the bits in a word have been programmed.

Claim 3. A computer system as claimed in Claim 1 in which each of the
subgroups includes four bitlines. This

/////////l l//////// /Iaced



coupled to the bitlines to be programed are progranrre&_cg_’/_mw———»
~arrangenment as clained in claim7, wherein the logic c itry conpris
~ state machine, said state machi ne enabling each of the M“m\ “m\

. switching circuits in a selected sequential order such t m‘“

. voltage is applied individually to each subgroup until sekected bi"t s of

. each subgroup have been progranmed. 9. The conputer system as set forth
i in claim 8, further conprising columm decotle circuitry coupled to the

- switching circuit to select the bitlines of a subgroup to connect to

recei ve the firstClainl4. age wmﬁdmtsyeahagtlaﬂndﬂms:laﬁel frogithhegturall® of A
menory arrangeme 1tgt§m9 (lfniig fo'v]rd aim?7 in which each of the subgroups

i ncl udes four I'Hese Yt menory arrangement as clainmed in claim7 in

~ which the pl urallty of switching circuits conprises four swtching
circuits, -a swtching circuit of the plurality of svvitchi ng circuits

coupled to a correspondi ng subgroup of four bitlines. A conput er
system corrprl Si Nglaiment r al APERESSdrRd gfﬁ@,@g@mhr %NDED SHEET - 18- neans
for providing storage of data conprising flas ROM nenory array means

i ncluding plurali ate fi effect. tr sistor each
fl oati ng gate flﬁﬁ%s%l%lf:%é{;ﬁ{ %88' ‘Efg\'f?’é%ag GltL g e tiau'n ‘Fqﬁw&%

char ge punp neansafisistopdesicesli ng a first positive voltage to be appli ed to
drain termnals of the floating gate field effect transistor devices during

a programm ng Opﬁ?géts hatee ?urg r?ré%%m%ﬁ&%%& 1@9%&40@’?&?@%6&@865}%“ rst

positive vol tage t gr oups of
bitlines of the Erpmalsal atwsﬂoanna gate ﬁeld effect transxstor dev1ces during a programming

operation,

a plurality of switching circuits each connected lto receive the first positive voltage
provided by the first charge pump and for transferring that first positive voltage to a
selected plurality of subgroups of bitlines of the array,

and logic circuitry for enabling the plurality of switching circuits in a selected
sequential order.

Claim 6. A memory arrangement as claimed in Claim 5 in which in which the
logic circuitry for enabling the plurality of switching circuits in a selected sequential
order is a state machine which enables the switching circuits one after another until
each subgroup of the bits in a word have been programméd.

Claim 7. A memory arrangement as claimed in Claim 5 in which each of the
subgroups includes four bitlines.

Claim 8. A memory arrangement as claimed in Claim 5 in which the plurality
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and nmeans for enabling in a selected order the pturatity—oef—means for

transferring the first positive voltage to a sel £ a
plurality of subgroups of bitlines of the array HM jlﬂg Bﬂfﬁﬂla sel ected
means for transferring of the plurality of means ROl IS

enabl ed to couple the first positive voltage to a sel ected subgroup of the
. selected plurality of subgroups of bitlines until selected floating gate
field effect transi stor devices coupled to the bitlines are programed; and
system bus neans for transferring data and addresses between the central
processi ng meansChisi & he nAageengutsr spsta conpgsisg or age for data. 13. A
conputer systemas clained in claim12, wherein the nmeans for enabling in a

sel ect ed sequent] +h rality of means for transferring the first
positive vol tage&?’(lt)mgﬁrggs%%?g“cfmﬁ#ur ality of subgroups of bitlines of the _

array nmeans is a state nmachine, said state nachine enabling each of the
plurality of meamsagsdpr proxidifseytorageyof daka ¢ammisingosi ti ve voltage to a
selected plurality of subgroups of bitlines of the array means such that
the first voltage is AplERRROMh¥hey3ay neanSinciday APLatiRy 60 flbAtingRlakCt ed
bits of each subgroup t}av& been .grograrmed. - 19°- 14. " A conputer
system as cl ai ned in'ﬁ? CHF PHSIRPEHCSBach of the subgroups includes four
bitlines. 15. An arrangenent for providing storage of data conprising:

fl ash EEPROM nenory achagge prespmeansdbuptonging afinat @isitivg voltagelto bt apgliedad e
fed effect transt st @it o BRTaAAO A AA9RER dahSlir BhARChADST St or
device storing at |east one bit, charge np neans for providing a Tirst
positive vol tage to bPFOSIPITLIBE Operalei n terninals of the floating gate
field effect transistor devices during a programm ng operation, a plurality

of nmeans for transferfpReality6f thbdnstfolfmsfelint tHOfitstp6sitive voRhacloedefelRar oups
of a plurality of sub rPaYPS fof bltllnfebs of tth% array neans, -
&u ity of subgroups of bitlines of the array means,

and means for enabling in a selected sequential order the plurality of means
for transferring the first positive voltage to a selected plurality of subgroups
of bitlines of the array means; and

system bus means for transferring data and addresses between the central
processing means and the means for providing storage for data.

Claim 10. A computer system as claimed in Claim 9 in which the means for
enabling in a selected sequential order the plurality of means for transferring the
first positive voltage to a selected plurality of subgroups of bitlines of the array
means is a state machine which enables the plurality of means for transferring the
first positive voltage to a selected plurality of subgroups of bitlines of the array
means one after another until each subgroup of the bits in a word have been
programmed.

Claim 11. A computer system as claimed in Claim 9 in which each of the
subgroups includes four bitlines.
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and neans for enabling in a selected order the plurality of means for
transferring the first positive voltage to a sel ected—setected subgroup of

a plurality of subgroups of bitlines of the array
sel ected neans for transferring of .-the plurality Ommﬂle!g‘H‘m“MLr“ ng
is enabled to couple the first positive voltage to-a seleectedrnsubgroup of
the selected plurality of subgroups of bitlines until selected floating
gate field effect transistor devices coupled8to the bitlines are
programmed. 16.; An arrangenent for providing storage of data as clained in

claim 15, wher & gi4ie17EaANSA bohp@BARAlRGsichinesRl @ahediPRhiR Md phrafifydsyr t he
plurality of means fo tranfssferr ng 't he.

firs ositive voltage to.a
sel ect ed pl ural i f3F28% F‘gd’é‘ﬁ? P s it P‘fsfth‘@svoh?é)ettﬂél sgleftg ph\éﬁﬂ¥ OF Subgrapst e
machi ne, sai d st af bithimshif me anghheang isfeah of the plurality of means for
transferring the first positive voltage to a selected plurality of
subgroups of bitlines of the array neans such that the first voltage is
applied individually to each subgroup until selected bits of each subgroup
have been programred. 20 17. An arrangenent for providing storage of
data as clai ned GiiEl Bi-m 1578 Arasemanidacpiowdingstoragent datasompEisingdes f our
bitlines. 18. An arrangenent for providing storage of data as clained in
claim 15 in whi clla$th EEPROM: hiemorphrrayeadims itludingaplhelity ¢ffldatifg fate ikld
positive voltage ffo a selected plurality of subgroups of bitlines of the
array means conpfiEHdraEOr daY'6Chi ng circuits, a switching circuit of the
plurality of switching circuits coupled to a correspondi ng subgroup of four
bitlines. 19. Achaghpumpaonecaps fogpromding)a first pesitiveErEgio hespplisd tordraip
including a pluralijt [HsleN i ; sﬁdﬂﬁi t %@M -
conprising the st?EJ e'*é’?/f‘éf‘g’“é% gé‘{‘dd{éﬁgggﬁe??%fsf% %%’SSH‘?\%‘”&% taé’g,ao%? Vi diﬁ a
plurality of sw PE®#RHQMNcircuits to transfer the first positive voltage to a
subgroup of bitlines connected to a plurality of floating gate field effect

transi stor devi caplurainy®f pedhfor tring¥émring Rifiriigositivevdliagt tb £idlenéd plurality
of subgroups of bitlines of the array means,

and means for enabling in a selected sequential order the 'plura!ity of means for
transferring the first positive voltage to a selected plurality of subgroups of bitlines
of the array means.

Claim 14. An arrangement for providing storage of data as claimed in Claim 13
in which the means for enabling in a selected sequential order the plurality of means
for transferring the first positive voltage to a selected plurality of subgroups of
bitlines of the array means is a state machine which enables the plurality of means
for transferring the first positive voltage to a selected plurality of subgroups of
bitlines of the array means one after another until each subgroup of the bits in a

word have been programmed.

Claim 15. An arrangement for providing storage of data as claimed in Claim 13
* in which each of the subgroups includes four bitlines.
Thijs Sheet Has I
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transi stor devices storing a subgroup of bits of a wordi—applying an
enabling pulse to a selected switching circuit of ity of Swtching
circuit until the correspondi ng subgroup of bits!'zj- ! ﬂm
programmed, and repeating each of the foregoing istepscol, m”ltchi ng
circuits, and to apply enabling pulses until all bits of a sel®ected word
have been programed, the steps repeated such that the swtching circuits
are selected in a sequential order such that the first voltage is applied
individually to each subgroup until selected bits of each subgroup have

been programed.Clditn 16A MeARafamRmehBiofBfovidingCdicthse diaiisdhimeg in'dRsn e

further step of .testing after each step of _applyi a enablin ulse to
ot erm e - < 3 whiqire Al G PeRdP SSE0E e OrotBPERveY Bl 8 ¢ e vor d
whi ch have not \elecied@lurplitg @f aubgrohps 21 bitlidesraf tHeatragsneahgisnfedr.i n cl ai m 19

whi ch-includes the further step of verifying that all bits of a selected
word have been progranmed.

Claim 17. A method for erasing a flash EEPROM memory array including a
plurality of floating gate field effect transistor devices comprising the steps of:

providing a first positive voltage,

enabling a switching circuit to transfer the first positive voltage to a first subgroup
of bitlines connected to a plurality of floating gate field effect transistor devices for
storing a subgroup of bits of a word to be programmed,

initiating a programming pulse to selected bits of the subgroup, and

repeating each of the foregoing steps until all bits of a selected word have been
programmed.

Claim 18. A method as claimed in Claim 17 which includes the further step of
testing after each step of initiating a programming pulse to selected bits of the
subgroup to determine whether additional subgroups of bits exist in the word

which have not yet been programmed.

Claim 19. A method as claimed in Claim 17 which includes the further step of
verifying that all bits of a selected word have been programmed.
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