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H story O The Prior Art The use of conputters has grown so extenswe t hat
t he power "used by these conputers has becone significant. In order to
reduce the cost of operation as well as the .consequent use of energy
resources, a SUIFSASH EXPROMW &SINQIMHNREE RUMRIdEUCe this power usage. In
fact, a mgjor trend in the manufacture of personal conputers is to reduce
t he voltage | evel re uired to operate the integrated circuits which are

used in the va&kﬁl‘é ROPR O THEINVENNE bnput ers. There is al so a

simul taneous trend to provide portable conmputers which function for

ext ended peri ods, is.trend . has also has led to attenpts to reduce the
power used by p%@—%—&tg—%&mh S.

This invention relates to computer systems and, more particularly, to methods and

apparatus for programming and erasing flash electrically-erasable programmable

read only memory (flash EEPROM) arrays.

History Of The Prior Art

The use of computers has grown so extensive that the power used by these
computers has become significant. In ordér to reduce the cost of operatioq as well
as the consequent use of energy resources, a substantial move is underway to
reduce this power usage. In fact, a major trend in the manufacture of personal
computers is to reduce the voltage level required to operate the integrated circuits
which are used in the various components of those computers. There is also a
simultaneous trend to provide portable computers which function for extended
periods. This trend has also has led to attempts to reduce the power used by

portable computers.

In order to reduce power consumption and extend battery life, much of the
integrated circuitry used in personal computers is being redesigned to run at low
voltage levels. This reduces the power usage and allows more components to be
placed closer to one another in the circuitry. The circuitry and components used in
portable computers are being designed to operate at voltages levels such as 5 volts
and 3.3 volts. This helps a great deal to reduce the power needs of such

computers.




In order to reduce power consunption and extend battery life, nmuch of the
integrated circuitry used in personal conputers is being redesigned to run
at low voltage levels. This reduces the power usage and allows nore
conponents to be placed closer to one another in the circuitry. The
circuitry and conponents used in portable conmputers are being designed to
operate at voltages |levels such as 5 volts and 3.3 volts. This hel ps a
great deal to reduce the power needs of stich conput ers.
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read only programmable read only memory (EPROM) or similar circuitry which provides the
read only memory for storing the BIOS processes and replacing it with new
circuitry at additional cost. This is a complicated operation beyond the abilities of
many computer users. Recently, flash electrically-erasable prbgrarmnable 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, 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.

Another type of flash EEPROM memory array provides another example of high
voltage requirements in portable computers. This type of flash EEPROM memory
array provides a new form of long term random access storage. An example of a
flash EEPROM memory array which may be used in place of a hard disk drive is
described in U. S. Patent Application Serial No. 07/969,131, entitled A Method
and Circuitry For A Solid State Memory Disk, S. Wells, filed October 31, 1992,

and assigned to the assignee of the present invention. Such an array provides a
smaller lighter functional equivalent of a hard disk drive which operates more
rapidly and is not as sensitive to physical damage. Such memory arrays are

especially useful in portable computers where space is at a premium and weight is

important.



‘merrory ‘(flash EEPROM nenory) has been used to store BIOS processes. This
menory may be erased and reprogranmed w thout renoving the BIOS circuitry
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of providing the voltages necessary for programming and erasing flash EEPROM
memory arrays, no arrangement has yet been devised for utilizing these charge
pumps to accomplish erasing and programming of flash EEPROM memory arrays
using those positive source eras;; techniques which are used when 12 volts is

available from an external source.

There are a number of reasons that this is true. However, the primary reason for
the failure is the universal perception that insufficient current can be generated using
charge pumps to accomplish the erase process. The positive source method of
erasing flash EEPROM memories draws a very substantial amount of current. For
example, various source books list the current necessary to erase flash EEPROM
memories as 30 milliamperes. For this reason, new negative gate erase techniques
which require substantial circuit changes and increases have been devised. We
have now discovered that using specially designed charge pumps we are able to
generate the amount of current necessary to éccomplish positive source erase of
flash EEPROM memory arrays. We have also discovered that positive source erase
can be accomplished using less current than was expected to be necessary without
increasing the required erase time. We have found that charge pumps can be used
for providing positive source erase voltages for such arrays. The positive source
technique for erasing flash EEPROM memories allows the proven methods of
erasing and programming to be used without the need to increase row decode and

other circuitry in the manner typical of negative gate erase methods. We have also



3 " However, these flash EEPROM nenory arrays al so require nuch higher

vol tages for progranm ng and erasing data than can be provided directly by
the batteries of |ow powered portable conputers. In other electronic
arrangenent, charge punp circuits have been used to provide a high voltage
froma | ower voltage source. However, even though charge punps have | ong
been avail able which are capable of providing the voltages necessary for
programm ng and erasing flash EEPROM nenory arrays, no arrangenent has yet
been devised for utilizing these charge punps to acconplish erasing and
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acconplish the erase process. e positive source nethod of erasing flash
EEPROM nenories draws a very substantial anount of current. For exanple,
vari ous source books list the current necessary to erase flash EEPROM
menories as 30 mllianperes. For this reason, new negative gate erase
techni ques which require substantial circuit changes and i ncreases have
been devised. W have now di scovered that using specially designed charge
punps we are able to generate the anount of current necessary to
acconplish positive source erase of




flash EEPROM nenory arrays. W have al so di scovered that positive source
erase can be acconplished using |l ess current than was expected to be
necessary wi thout increasing the required erase tinme. W have found that
charge punps can be used for providing positive source erase voltages for
such arrays. The positive source technique for erasing flash EEPROMV
menories allows the proven nethods of erasing and progranm ng to be used
wi t hout the need to increase row decode and other circuitry in the nmanner
typi cal of negative gate erase nethods. W have al so

4  found that n@l%&g @ | of the same charge punp may be used to
furnish the v%@?%f 2 I;léljltﬂ)ﬂcessary current at the drain term nal of
each nenory device during the programr ng operation. '

5 It is, therefore, an object of the present invention to provide an arrangement

- including charge pumping apparatué for erasing and programming flash EEPROM

memory arrays using positive source erase techniques.

It is another, more specific, object of the present invention to provide charge pumps
for generating the high voltages and currents necessary for erasing flash EEPROM

memory arrays using positive source erase techniques.

These and other objects of the present invention are realized in an integrated circuit
arrangement which provides a first charge pump for generating a first high voltage
with substantial current which may be used for application to the source terminals
of flash EEPROM memory cells during erase and to the gate terminals of flash
EEPROM memory cells during programming, and a second charge pump for
generating a second lower voltage which may be used for application to the drain

terminals of flash EEPROM memory cells during programming.

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.



“Sunmary' & The Invention It is, therefore, an object of the present
invention to provide an arrangenent including charge punping apparatus for
erasing and programm ng flash EEPROM nenory arrays using positive source
erase techni ques. It is another, nore specific, object of the present

I nvention to provide charge punps for generating the high voltages and
currents necessary for erasing flash EEP Menory arrays using positive
source erase techniques. These and ot her objects of the present invention
are realized in an integrated circuit arrangenent which provides a first
charge pu f . I gh voltage wth substantial current
whi cg ngym;e %’é’%@%%l a6 %hé ftdipd) '?he sourge termnals of flash EEPROM
menory cells during erase and to the gate termnals of flash EEPROM nenory
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| ower vol tage which nmay be used for application"to the drain termninals of
flash EEPRO\/Lﬁiemym@ﬁhdxs during programm ng. These and ot her objects and
features of the invention will be better understood by reference to the
detai |l ed description which follows taken together with the drawings in
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constructed in accordance with the present invention utilizing charge pump circuitry

to providing positive source erase voltages.

Figure 3 is a block diagram of an integrated circuit flash EEPROM memory array

utilizing charge pump circuitry to providing negative gate erase voltages.

Figure 4 is a circuit diagram illustrating a first charge pump which may be used in

the circuit of Figure 2.

Figure 5 is a circuit diagram illustrating a second charge pump which may be used

in the circuit of Figure 2.
Figure 6 is a flow chart illustrating a 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 descriptions 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,



6 ° Brief Description O The Draw ngs Figure 1 is a block diagram
illustrating a conputer systemwhich may utilize the -present invention.
Figure 2 is a block diagramof a flash EEPROM nenory integrated circuit
constructed in accordance with the present invention utilizing charge punp

circuitry to providing positive source erase voltages. Figure 3 is a
bl ock di agram of an integrated circuit flash EEPROM nenory array utili zing
charge punp circuitry to providi ng negative gate erase voltages. Figure 4

is acircuit diagramillustrating a first charge punp which may be used in
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mind, however, that all of these and similar terms are to be associated with the

appropriate physical quantities and are rherely co-rivenient- labels applied to these

Figure

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
the present invention; the operations are machine operations. Useful machines for
performing the operations of the present invention include general purpose digital
computers or other similar devices. In all cases the distinction between the method
operations in operating a computer and the method of computation itself should be
borne in mind. The present invention relates to apparatus and to a method for
operating a computer in processing electrical or other (e.g. mechanical, chemical)

physical signals to generate other desired physical signals.



Sone portions of the detailed descriptions which follow are presented in
ternms of synbolic representations of operations on data bits within a
computer nenory. These descriptions and representations are the neans used
by those skilled in the data processing arts to nost effectively convey

t he substance of their work to others skilled in the art. The operations
are those requiring physical nanipulatiogs of physical quantities.

Usual Iy, though not necessarily, these quantities take the form of

el ectrical or nmagnetic signals capable of being stored, transferred,

conbi ned, Coﬁgﬁﬁ?dees%ﬂﬂti&t herw se mani pul ated. It has proven conveni ent at

tines, 7 principally
for reasons of conmon usage, to refer to these signals as bits, val ues,
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to a bus 12 adapted to carry information to various components of the system 10.

Joined to the bus 12 is main memory 13 which is typically constructed of dynamic

random access memory arranged in a manner well known to those skilled in the

prior art to sfore information during a period in which power is provided to the

system 10. Also joined to the bus 12 is read only memory 14 which may include

various memory devices well known to those skilled in the art each of which is

adapted to retain a particular memory condition in the absence of power to the

system 10. The read only memory 14 typically stores various basic functions used

by the processor 11 such as basic input/output processes and startup processes

typically referred to as BIOS processes. Such memory 14 may be constructed of

flash EEPROM memory cells adapted to be modified as various ones of the BIOS

processes used by a particular computer are changed. Typically, such flash

EEPROM memory will include circuitry for programming and erasing the memory

array. If the memory 14 is 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.

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



by a human operator. No such capability of a human operator is necessary or
‘desirable in nost cases in any of the operations described herein which
the present invention; the operations are machi ne operations.
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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 their batteries.

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
to change the charge stored on the floating gate, and the condition (programmed or
erased) may be detected by interrogating the cells. The conventional method of
erasing an array of flash EEPROM memory cells erases all of the cells together (or
at least some large block thereof). Typically, this requires the application of 12
volts to the source terminals of all of the memory cells, grounding the gate
terminals, and floating 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 6 or 7 volts, the gate at 11 or 12 volts, and the source at
ground. Although it has been typical to provide charge pumps to generate higher
voltage from the lower voltages available in situations in which batteries do not
provide sufficient voltages, this has not been true with flash EEPROM memory
arrays. Although such voltage pumps are able to increase the voltage to an )
appropriate level, prior art charge pumps were not felt to provide sufficient current
to generate the power for effectively erasing and programming flash EEPROM

memory when erased in the conventional manner.

andom



prior art to store information during a period in which power is provi ded
to the system 10. Also joined to the bus 12 is read only nenory 14 which
may include various menmory devices well known to those skilled in the art
each of which is adapted to retain a particular nmenory condition in the
absence of power to the system 10. The read only nenory 14 typically
stores various basic functions used by t processor 11 such as basic

i nput / out put processes and startup processes typically referred to as BICS
processes. Such nenory 14 may be constructed of flash EEPROM nenory cells
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operation of long termnenory 16 (typically electronechanical hard disk

drives) is wel purpeupuits?2and<3. Jibelchage prmp hiecuit 22, is Hievieadeto pravadeer t han
pumped output voltage of approximately 12 volts while the charge pump 23 is

devised to produce a pumped output voltage of approximately 9 volts.

Voltage from the pump 22 is furnished to a set of wordline switches and decoders
which in a manner well known to those skilled in the art provide voltages at the gate
terminals of flash EEPROM memory transistors 28 (only one transistor 28 is
illustrated). 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 transistors 28. The
voltage furnished by the pump 23 is furnished to a set of bitline switches and
decoders 27 which in a manner well known to those skilled in the art provide
voltages at the drain terminals of flash EEPROM memory transistors 28. Each of
the sets of switches and decoders 24, 25, and 27 is controlled by signals from a
control circuit 29 to provide appropriate voltages at erase and programming to
accomplish those results. In a preferred embodiment, the control circuit 29 is a
microprocessor designed to provide control of all of the operations of the memory
array 26 including reading, programming, and erasing among other things. The
use of such a control circuit is described in U. S. Patent Application Serial No.
08/086,1861, entitled Flash Memory Array System And Method, M. Fandrich et

al, filed June 30, 1993, and assigned to the assignee of the present invention. The



9 ' the typical electronechanical hard disk drive, a flash EEPROM nenory
‘array may be used as the long termnenory 16. Such flash EEPROM nenory
arrays are programmed and erased through techniques 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 programmng and e[?5|ng the nmenory array.
Consequently, in accordance with the present invention, such long term
menory arrays as well as nmenory 14 nmay provide circuitry for generating
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typically acconplished a word at a tine but conventionally requires that
t he drai n of erasing of the memory device 28 requires that a positive 12 volts be applied to the

source terminal of the device 28, ground be applied to the gate terminal, and the

drain be floated. A N type flash EEPROM memory cell has a source region which

is an N doped region surrounded by a P doped substrate. The P doped substrate is

grounded so that a diode junction is formed at the junction separating the source

and the substrate. When twelve volts is switched to the source terminal in the

positive source erase process, the diode junction between the source and substrate

is biased into the breakdown region so that substantial source current flows. In

fact, the value of the source voltage is actually limited by the breakdown voltage to

be no more than approximately ten volts (approximately two volts of the twelve

volts available is dropped through the resistive switch to the source terminals) so

that the junction will not be biased into a destructive breakdown region of

operation. Because of this substantial source current when the erase process is

conducted using positive source erase, the source of the high erase voltage must be

able to furnish a substantial amount of current. Prior to the present invention, it

was not believed that such an amount of current could be furnished by a charge

pump.

On the other hand, the newer negative erase technique provides a large negative
voltage (typically minus 10 volts on the gate terminal of the memory device. and

Vcce (5 volts in the case of the present circuit) on the source terminal. The 5 volts at



sel ected cells be placed at 6 or 7 volts, the gate at 11 or 12 volts, and
the source at ground. Although it has been typical to provide charge punps
to generate higher voltage fromthe |ower voltages available in situations
in which batteries do not provide sufficient voltages, this has not been
true with flash EEPROM nenory arrays. Although such voltage punps are able
to increase the voltage to an appropriatg,level, prior art charge punps
were not felt to provide sufficient current to generate the power for
effectively erasing and programm ng flash EEPROM nenory when erased in the
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circuit 22 is devised to provide a punped output voltage of approximtely
12 vol t s whi | ecutent floar the chargpp@8pi s devi sed to produce a punped out put
vol tage of approximtely 9 volts.

On the other hand, as may be seen from the circuit 30 illustrated in Figure 3, the

negative erase technique substantially complicates the circuitry necessary to

accomplish erase and programming of the array. For example, the circuit 30

includes in addition to the 9 volt charge pump 31 and the 12 volt charge pump 32

necessary to provide programming voltages at the drain and gate terminals of the

circuit, a separate charge pump 33 for generating a negative 10.5 volts which is

applied to the gate terminals of the memory cells 34 during erase and circuitry for

applying Vcc to the source terminals of the array during erase. The result of using -

the negative erase technique is to substantially increase the number of devices used

to accomplish the switching and the area of the die used by those devices.

Figure 4 illustrates a first bootstrap pump arrangement which may be utilized to
provide the high voltages and currents required for erasing and programming flash
EEPROM memory arrays in accordance with this invention. As is shown in Figure
4, the pump 40 includes a number of stages of N type field effect transistors 41,
42, 43, and 44 connected in series between a source of voltage Vec and an output
terminal Vout. Input clock signals are furnished to the circuit 40 from sources
illustrated via capacitors 46, 47, and 48. A second set of input clock signals-are
furnished from sources illustrated by capacitors 50, 51, and 52. Each stage of the
circuit 40 includes an N channel field effect transistor device 53, 54, or 55 used to

precharge the gate terminal of the device 41, 42, or 43 of that stage.



Vol tage ‘fromthe punp 22 is furnished to a set of wordline switches and
decoders which in a manner well known to those skilled in the art provide
voltages at the gate termnals of flash EEPROM nenory transistors 28 (only
one transistor 28 is illustrated). Voltage fromthe punp 22 is also
furnished to a set of source switches and decoders 25 which in a manner
wel | known to those skilled in the art prigvide voltages at the source
termnals of flash EEPROM nenory transistors 28. The voltage furnished by
the punp 23 is furnished to a set of bitline switches and decoders 27
uhich in a MaMgE Rk 0imses fofr dRRaPLbbL Gehdldstol iR FiguRf 84 fifise 101 t agES

at the drain termnals o menory transistors 28. Each of the

sets of sw t chgifas@ndpihes 30idphade 4.20sing Mk HrhingSheRR il PighRd, ive stiagoal s from
a control circuit 29 to provide appropriate voltages at erase and
progranm ng t candishasdptiosks dré aftallyafigh. t Bhe phased goek @allerich yvhadp ook, t he
control circuit 29 is a mcroprocessor designed tao provide control of all
of the operat i s anfeachef te deviges 4rand 326 that chargk mgy pasaetl toghe gapacitaammi ng,
and erasing anong other things. The wuse of such a control circuit is
descri bed i n U6 Somphe sourcedyignt dndde thercagasitond8 from thogipag®r #36The phase 8] ed

Fl ash Menory Array. System And Method, M Fandrich et al, filed June 30,
1993, and assi gAgkistalsotugh spdhe gapagitosi7pmisheea bigh vpltagsie theigaterd ghe

device 54 keeping that device on. When the phase 4 clock goes low turning off the

devices 41 and 43 and while the device 54 is on, the capacitor 51 charges from the
charge stored on the capacitor 46. Then while the phase 3 clock remains high, the
phase 1 clock goes high. This increases the voltage at the capacitors 46 and 48
thereby increasing the charging rate of the capacitor 51 and simultaneously turning
on the devices 53 and 55 to precharge the capacitors 50 and 52. Next the phase 3
clock drops to a low value turning off the device 54 so that the charge on the
capacitor 51 is not dissipated. Then the phase 2 clock goes higﬁ providing a gate
voltage at the device 42 which is higher than either the drain or source voltages.
This gate voltage switches on the device 42 causing it to act like a switch and
exhibit no threshold voltage drop. Thus the high voltage on the capacitor 46 due to
the phase 1 clock and the stored charge from the source Vcc is rapidly transferred to

charge the capacitor 47and also to precharge the capacitor 52.

When the phase 2 clock goes low, the device 42 begins to turn off. Then the phase
3 clock goes high turning on the device 54 and positively turning off the device 42
by raising the source voltage and allowing the gate charge on the capacitor 51 to
dissipate. At this point, the phase 1 clock goes low, turning off the devices 53 and
55 to fix the charge stored on the capacitors 50 and 52. This is followed by the
phase 4 clock going high to turn on the devices 41 and 43 as switches without a

threshold voltage drop and allow the charging of the capacitors 46 and 48.



control "provided by the control circuit 29 might be provided in other
arrangenents by sone external source of control such as a centra
processing unit. At the lower right corner of Figure 2 is shown a table
whi ch includes the voltages which are applied to the various termnals of
the nenory cells during the program and erase operations using positive
source erase techniques. As may be seen, jtshe erasing of the nenory device
28 requires that a positive 12 volts be applied to the source term nal of
t he device 28, ground be applied to the gate term nal, and the drain be
floated. AN typg bﬁéiéégeergﬂ?ﬁgmim dhe Hodnhed EaPlatheBOUHE rrELPRbUMY Ch IS an

N doped regi on surroun py a P doped substrate. The P doped substrate is
grounded so t hgtcud 4 iQ8GratddNg Figdfe 4 Suchiohd¥RPpkichdi€ly ffotitinied thesep@gasf ng t he
source and the substrate. Wen twelve volts is swmtched to the source
termnal in thee sp@se Mcrat the vutpat ermiael. [Hop eemsple twicth Ucoetpia) 1ove4 valts, bret ween
the source and substrate is biased into the breakdown regi on so that
substanti al sooutpet witageof 171 voits.is furmishecat thet dgutpwr af the peinpdiesui Qr Moreol t age
is actually limted by the breakdown voltage to be no nore than

appr oxi mat el y imeppriaptly.she cipquitahi preiiddsyn moye effiigns opgratienethamgoegdhe vol t s

avail abl e is dropped through the resistive swtch to the source termnals)
so that the jtonrventgnahpymp pbihe pEomrhlecauseeCircul d9deetrotiavaihe ak down

region of operation. Becauyse of this substanti al urce current. when the
erase process gesheldirpliagedrops? eﬁ’@é‘i“fl’rﬂ A ScRE iﬁ’é oW 120 BI9Yi¥e of the

hi gh eras ?,r ?/glr }n[% e?q%%t?tgseéw?tglgnﬁJi:%[%fﬁ?r{grllci%ps 8 redtd So% e 'ogtlstrgpr{)?ﬁjgn&pe(r)aftion

current.
by which the capacitors 50, 51, and 52 are charged and then the charging path is

cut off so that the charge cannot dissipate before the devices 41, 42, and 43 are
turned on. The charged gate terminal in each stage forces a higher voltage on the
gate terminal than the drain terminal of each switching transistor when that
switching transistor is turned on causing the switching transistor to operate without
a threshold voltage drop. This increased efficiency allows the éharge pump to be
implemented in fewer stages and therefore require less die area on an integrated

circuit than can prior art charge pump circuits.

As those skilled in the art will recognize, the four individual clock phases needed to
operate the circuit 40 of the prior art are very difficult to generate. The clocks are of
different lengths and must be accurately overlapped in order to provide the

- appropriate operation of the circuit to obtain its advantageous resuits. The
generation of such clock phases requires a substantial amount of additional circuitry
which reduces the available area of the integrated circuit board of the flash
EEPROM array. In‘practice, it appears that such circuitry uses a lot of die area and

is quite expensive.



was not believed that such an amount of current could be furnished by a
charge punp. On the other hand, the newer negative erase technique
provides a |l arge negative voltage (typically mnus 10 volts on the gate
term nal of the menory device. and Vcc (5 volts in the case of the present
circuit) on the source termnal. The 5 volts at

12 the source termnal is not sufficiept to break down the
source-substrate junction diode of the device, and only a relatively

i nsubstanti al anobunt of source current flows. Consequently, though simlar

vol tage di ff er aReehodf 6 ARRLIERNITAGS i) odRidooPBlnaRRRPaiER 2! S, Of

the device, the negative erase technique’re res nuc ess current from

the charge pun@rqvid&ssérhﬁuﬁfcmm@mus ASthBEprodiRes 8§ theldiR U 8f Fighdd.t 30
illustrated in"Figure 3, the negative erase technique substantially

conpl i cat es t h@heibasiticireyitrp ©€ BigaAy ¥/islsiinilaa es taphtilizbd &r Figerean Hewagr,anmi ng of
the array. For. exanple, the circuit 30 includes in addition to the 9 volt
charge punp 31 cemdast teethd 2irot 40 affftigure 4pthapirddt 60haciadesonly two soubass dE
progranm ng voltages at the drain and gate termnals of the

clock pulses. The clock pulses produced by these sources are shown in Figure 5.

These clock pulses are applied in a unique manner in order to allow the operatioh of

the circuit 60 to produce the desired output voltages and currents. The circuit 60

includes a number of stages of N type field effect transistors 61, 62, 63, and 64

connected in series between a source of voltage Vcc and an output terminal Vout.

In the preferred embodiment of the circuit, the transistors 61, 62, and 63 as well as

the other transistors are specizﬁ N type devices referred to as S type devices. S type

devices are basically N type devices having a very low threshold voltage level. The

use and manufacture of S type devices are described in detail in U. S. patents

4,052,229; 4,096,584; 4,103,189; and 5,057,715. Two phase-s of input clock

signals (phase 1 and phase 2) are furnished to the circuit 60 from sources 65 and 69

via capacitors 66, 67, and 68. The same two phases of input clock signals are

furnished from sources 65 and 69 by capacitors 70, 71, and 72. Each stage of the

circuit 60 includes an N channel field effect transistor device 73, 74, or 75

connected to the gate terminal of the device 61, 62, or 63 of that stage.

In contrast to the circuit 40 of Figure 4, the two phase clock signals do not overlap
and the capacitors 70, 71, and 72 are not precharged by the devices 73, 74, and 75.
It may be seen that the phase 2 clock is illustrated as high initially. When this clock
is high, enabling signals are applied to the gate terminals of the control devices 73
and 75 and to the gate of switching device 62. These pulses turn the control
devices 73 and 75 on. The high voltage from the source 2 is also applied at the

drain of the device 62, and the high voltages at both the drain and gate of the device



circuit, a separate charge punp 33 for generating a negative 10.5 volts
which is applied to the gate termnals of the nenory cells 34 during erase
and circuitry for applying Vcc to the source termnals of the array during
erase. The result of using the negative erase technique is to
substantially increase the nunber of devices used to acconplish the
switching and the area of the die used by, 4 hose devices. Figure 4
illustrates a first bootstrap punp arrangenent which may be utilized to
provi de the high voltages and currents required for erasing and progranmm ng

flash EEPROM BRERISK iftolionl WRAAAE BVIGRs2delof Hs Brdif YATEAE Bre iffiail 2SN OWN
in Figure 4, the punp 40 includes a nunber” of stages of N type fie

effect transi suwsanﬂlzalueét&evﬂ@ewaﬁuﬂghmmsPﬁaebwl&ﬁrphgéfﬁa{men a source
of voltage Vcc and an output termnal Vout. [nput clock signals are

furni shed to t bapacitorcs dnd4fe Eapaoitardiir Eieveved, kinsd thatphskeVii dodkelp fw tthe S 46,
47, and 48. A-second set of input clock signals-are.. furnished from sources
il lustrated bycemtpddevioe 34 fining the daaid ab@ gat€af the devwigeocdis dffielhus) aftenitie 40
includes an N channel field effect transistor device 53, 54, or 55 used to
precharge the geaviee 62has hean opforany pared. the high val@ge atrthe @rapf trarisfers chaagre.
13

from the capacitor 66 to the capacitor 67, reducing the voltage level at the drain of

the device 62. This causes the voltage at the gate of the device 62 to be higher than

either the drain or the source; and the device 62 switches completely on without any

threshold voltage drop. Thus the transfer of charge from the capacitor 66 to the

capacitor 67 does not dissipate power due to a threshold drop once the device 62

begins to turn on.

As the voltage at the drain and source of the device begin to equalize, the voltage at
the gate of the control device 74 is raised so that the control device is nearly on.
When the phase 2 clock pulse goes low, the device 74 turns on. The lowering of
the voltage at the gate of the device 62 when the phase 2 pulse goes low causes the
device 62 to begin to turn off. Simultaneously, the gate terminals of each of the
control devices 73 and 75 are lowered turning off the devices 73 and 75 so that the
drain and gate terminals of the devices 61 and 63 are isolated from each other.
When the phase 1 clock pulse goes high, the device 74 switches completely on and
equalizes the gate and drain of the device 62. At the same time, the gate terminals
of the devices 61 and 63 are raised by the value Vcc while the drain of the device 63

is raised by the value Vcc.

The devices 61 and 63 function similarly to the device 62 in transferring charge to
the capacitors 66 and 68. The gate and drain terminals of these devices are initially

equal, but then the drain voltage drops as charge is transferred to the capacitors 66



The circuit 40 utilizes four individual clock signals shown in Figure 4 as
phase 1, phase 2, phase 3, and phase 4. Using the timng shown in Figure
4, the phase 4 and phase 3 clocks are initially high. The phase 4 clock
(called a bootstrap clock turns on each of the devices 41 and 43 so that
charge may passed to the capacitor 46 fromthe source Vcc and to the
capacitor 48 fromthe capacitor 47. The phase 3 clock is also high so the
capacitor 47 furnishes a high voltage to the gate of the device 54 keeping
that device on. Wien the phase 4 clock goes low turning off the devices 41

and 43 and whighg 6%%?&%&&9@:1&56 thaPthe deliBeCAP MFHANRA c@rﬁpl‘éf&’}f &esnd rom the
charge stored on the capacitor 46. Then while the phase 3 cl ock remains

hi gh, the phagigerle;ﬁégglmm@mwlgged@is i ncreases the voltage at the
capacitors 46 and 48 thereby increasing the charging rate of the capacitor

51 and simultaneously turning on the devices 53 and 55 to precharge the
capaci t ors 50-Ed, wEBen the phaseHeclpdiages Bighcthe dkvide 6ptirtisoong ahdenrvealt ue t ur ni ng
off the device 54 so that the charge on the capacitor 51 is not
?Ih Ss :j pat ed. 4ghﬁﬂylﬂﬁbﬁ>sptbﬁsex;‘@e %Cﬁckmggs?ﬁe mptgﬁtqsgévwﬂlmgh@plga@épuv?EOnge at
e device ich is higher an either e drain or source voltages.

This gate vol taydhedsvicaftlssvyicheneff.gEhenctbe phase 2 pdqckpuise turgs arthejdepisea switch
and exhibit ng threshol d voliage drop. Thus the high voltage on the
capacitor 46 ffedt t?let%%ﬁ% pr V@F%ﬁﬁreﬁﬁgﬂs%n%qwg&ue F&%é’ﬁﬁscg’rﬁuléwe
b char go.t he R ABEPHElor8a: The dRart B s iasa D OB PSS tovt ce
42 begins to t ff. The h . S. N ' n L he
G200 TS Lo W B bord O PR e GG el Dol

66. Simultaneously, the device 63 goes on and the capacitor 67 provides stored

charge as well as the pulse from the phase 1 clock to charge a capacitor 68. When

the phase 1 clock goes low, the device 63 turns off.

Ultimately, the charging of the capacitor 68 and the positive swing of the phase 2
clock pulse raise the voltage level on the capacitor 68 sufﬁcientli' above the level
Vout to cause the conduction of the switching device 64. When the phase 2 clock
later goes high, the output device 64 turns on and furnishes a pumped voltage at
Vout equal approximately to the number of stages multiplied by the value of Vcc
less the Vit drop of the output device 64. This provides the desired output voltage
while furnishing the high level of current necessary to erase and program flash

EEPROM memory arrays.

Thus, as may be seen, the arrangement of Figure 5 provides a reliable charge pump
circuit capable of producing high levels of current efficiently with a substantial

reduction ih the circuitry and die space necessary in the circuit of Figure 4.

It should be noted that the smaller charge pump required to furnish the voltage used

at the drain terminals of the flash EEPROM memory cells during programming of



by raising the source voltage and allow ng the gate charge on the capacitor
51 to dissipate. At this point, the phase 1 clock goes |low, turning off
the devices 53 and 55 to fix the charge stored on the capacitors 50 and
52. This is followed by the phase 4 clock going high to turn on the
devices 41 and 43 as switches without a threshold voltage drop and all ow
the charging of the capacitors 46 and 48. ;g

1 4 This basic operation continues in the manner explained. The three
stage punp circuit 40 illustrated in Figure 4 furnishes approximately four
times the volt agearedy mhyBe HOvIdee byeBardd plrigs iaeHtREL toIRSsBUBR bed RlealiX 8P| €,
with Vcc equal to 4.4 volts, an output voltage of 17.1 volts is furnished
at the output dfigirbd apdSpwich theekéepion tHbfetver baRes dr@idelly Fot Hiantlé,aui t 40
provides a nore efficient operation than does the conventional punp of the
prior art becawbergepempi hagimgtonlOrwdbosages stcapableof providingraekhobld ompht age dr ops
of the typical-prior art circuit. This allows it to .provide nore current
at the out put. Wiiekmay be ysesras yhei drain tergdnals ofdhe miemolyoesils tintpgprograopeingt i on
by which the capacitors 50, 51, and 52 are charged and then the charging
path is cut off so that the charge cannot, dissipate before the devices 41,
42, and 43 ar e Athough theqresentiaventinp hatbesa describedriniams of aguefrred age forces a

hi gher voltage on the . . . . P
9 9 em%odlment, 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.



gate ternminal than the drain ternminal of each switching transistor when
that swtching transistor is turned on causing the sw tching transistor—to-

operate without a threshold voltage drop. This increased mﬂ

the charge punp to be inplenented in fewer stages and thJ l”m"m#mmms
less die area on an integrated circuit than can prior art *chdrge punp «
circuits. As those skilled in the art ywll| recogni ze, the four individual
cl ock phases needed to operate the circuit 40 of the prior art are very
difficult to generate. The clocks are of different |engths and nust be
accurately oveayhanppethiibd frder to provide the appropriate operation of the
circuit to obfarn rts advantageous results. The generation of such cl ock
phases requires a substantial anount of additional circuitry which reduces
the avail able area of the integrated circuit board of the flash EEPROM
array. In practice, it appears that such circuitry uses a lot of die area
and is qui te-Céanpehm ve.A computer system comprising :

15 The circuit 60 illustrated in Figure 5 nay be produced econonical ly
and will provide essentially the sane results as that produced by the
circuit 40 of aceg@al@racessothe basic circuitry of Figure 5 is sinmilar to that
utilized in Figure 4. However, in

an output display;
a memory arrangement comprising

a flash EEPROM memory array including a plurality of floating gate field

effect transistor devices,

a first charge pump for providing a first positive voltage to be applied to
drain terminals of the floating gate field effect transistor devices during a

programming operation,

a second charge pump for providing a second positive voltage to be applied
to source terminals of the floating gate field effect transistor devices during

an erasing operation,

and switching circuitry responsive to control signals indicating the existence

of a program or an erase operation

for connecting voltage from the first charge pump to the drain
terminals, ground to the source terminals, and the voltage from the
second charge pump to the gate terminals of the floating gate field

effect transistor devices during a programming operation, and



confrast to the circuit 40 of Figure 4, the circuit 60 includes onfy two
sources of clock pulses. The cl ock pul ses produced by thes

shown in Figure 5. These clock pulses are applied in a uni mmm%lﬂﬁmmm””“l
order to allow the operation of the circuit 60 to produce the desired s =
out put voltages and currents. The circuit 60 includes a nunber of stages

of Ntype field effect transistors 61, 63, 63, and 64 connected in series

bet ween a source of voltage Vcc and an output terminal Vout. |In the
preferred enbodi nent of the circuit, the transistors 61, 62, and 63 as well

as the other transistor ol i s S type
devices. S type devi cesﬁ)é?gsg%@s%?tgdﬁat }“3W")tégg‘érqg}éﬁ@z@éﬁfés\pﬁ?ﬁ%g%{’e’éﬁy | ow
threshol d voltage |evel. fifAQhe d3fh BREnNEREhRALIRE groQBd%tBé’gﬁe@&Hirﬁﬁss are
described in detail in U 'S. patents 4,052,2297°4,096,584; 4,103, 189; and

5,057, 715. Two phases of aidthg{oledge Elom Gt §6bdhé cliREmang torRelsqif@erntihalgr ©
furnished to the circuit 60 from sources 65 and 69 _Via capacitors 66, 67,

and 68. The sane two phasfthe fibatingyate fidldeffecs tramistcr deviees dutingias leedider om
sources 65 and 69 by capacitors 70, 71, and 72. Each stage of the <circuit
60 i ncl udes an N channel oferatlod; &fdf ect transi stor device 73, 74, or 75
connected to the gate termnal of the device 61, 62, or 63 of that stage.
In contrast to the circuit 40 of Figure 4, the two phase clock signals do
not overlap aheyStamebesion rpasiersing data and adgdressewbesvesnihe cant@bprasesser. B t he
devices 73, 74, and 75. It may, be seen that the phase 2 clock is

i |l ustrated asMAGH #FAngeRert andfeputpRidisRlaYack s high, enabling signals
are applied to the gate termnals of the control devices 73 and 75 and to
the gate of switching device 62. These pul ses turn the control

Claim 2. A computer system as claimed in Claim 1 in which the first charge
pump is capable of furnishing approximately 9 volts and the second charge pump is

capable of furnishing approximately 12 volts.

Claim 3. A computer system as claimed in Claim ] in which the first charge
pump is a bootstrap charge pump capable of furnishing approximately 9 volts and
the second charge pump is a bootstrap charge pump capable of furnishing

approximately 12 volts.

Claim 4. A computer system as claimed in Claim 1 in which each of the

charge pumps functions in response to four individual phases of clock pulses.

Claim 5. A computer system as claimed in Claim | in which each of the

charge pumps functions in response to only two individual phases of clock pulses.



devi ces 73 and 75 on. The high voltage fromthe source 2 is atso~applied at

Eggt?e g][ ai Reol‘je'\t/ihgedevi ce 62, and the high voltages at both leﬂ‘ml“l‘ﬁml“‘“l

62 cause it to turn on. Wien the device 62 goes on, its draih ahd 'gat’e dre*
initially at the sanme value, the value Vcc furnlshed by the phase 2 cl ock
pul se fromthe capacitor 66 and the capggitor 71. However, since the phase
1 clock is low, the control device 74 joining the drain and gate of the
device 62 is off. Thus, after the device 62 has been on for any period,

the high voltage at the drain transfers charge fromthe capacitor 66 to
the capacitor 67, reducing the voltage |level at the drain of the device
62. This causes the voltage at the gate of the device 62 to be higher than

ei ther the dratcRiR6. t he AGhmd antkbehdda: dbrsMmg62 switches conpletely on
wi t hout any threshold voltage drop. Thus the transfer of charge fromthe

capacitor 66 to the capacitor 67 does not dissipate power due to a

t hreshol d dr opa fiasshEEHROMan¢mery Geray melyiding a plurtlityrof dloating gaee fidideffadtt age at
the drain and source of the device begin to equalize, the voltage at the
gate of the comansistordevices 74 is raised so that the control device is
nearly on.

a first charge pump for providing a first positive voltage to be applied to drain
terminals of the floating gate field effect transistor devices during a programming

operation,

a second charge pump for providing a second positive voltage to be applied to
source terminals of the floating gate field effect transistor devices during an erasing

operation,

and switching circuitry responsive to control signals indicating the existence of a

program Or an erase operation

for connecting voltage from the first charge pump to the drain terminals,
ground to the source terminals, and the voltage from the second charge
pump to the gate terminals of the floating gate field effect transistor devices

during a programming operation, and

for disconnecting the voltage furnished by the first charge pump from the
drain terminals, connecting ground to the gate terminals, and the voltage
from the second charge pump to the source terminals of the floating gate

field effect transistor devices during an erasing operation.



Wien the phase 2 clock pul se goes low, the device 74 turns._on.. The_ |l owering
of the voltage at the gate of the device 62 when the pqmzi ul se goes
I
A g

| ow causes the device 62 to begin to turn off. Sinulta Mluyﬁu ﬂyﬂ)
ff

termnals of each of the control devices 73 and 75 are
the devices 73 and 75 so that the drain and gate term nals of the devices
61 and 63 are isolated fromeach ot her. en the phase | cl ock pul se goes
hi gh, the device 74 switches conpletely 6n and equalizes the gate and
drain of the device 62. At the sane tinme, the gate termnals of the

devi ces 61 and-giare " ahSehY U HRhE Mielll Hfid Sy bkt e devi ce

63 is raised he val'ue evi ces unctron simlarly

to the device GlohubinBelabld diutiRiierbRyimiiBy ARRS %@@ﬁr% sBGnaiflad8. The

gate and drain 't t hese are | equal , t hen

t he drain vol L8 Rrcapsbl@st fuhastieg AgprédimaglyeZ edist 0 the capacitors 66
17 and 68 of t'he next stages so that the devices are switched conpletely

on and experience no threshold voltage drop. - Thus, when the phase
cl ock goes high, the device 61 turns on; and current ~

Claim 8. A memory arrangement as claimed in Claim 6 in which the first
charge pump is a bootstrap charge pump capable of furnishing approximately 9
volts and the second charge pump is a bootstrap charge pump capable of furnishing

approximately 12 volts.

Claim 9. A memory arrangement as claimed in Claim 6 in which each of the

charge pumps functions in response to four individual phases of clock pulses.

Claim 10. A memory arrangement as claimed in Claim 6 in which each of the

charge pumps functions in response to only two individual phases of clock pulses.

Claim 11. A computer system comprising :
central processing means;
output display means; -

means for providing storage for data comprising



provi ded by the source Vcc charges the capacitor 66. Wen the phase | “pulse
goes low the device 61 switches off. Then the phase 2 cl m l I
the device 62; and the capacitor 66 provides stored charg uﬂmlﬂlmmmmﬂp
to the phase 2 pulse to the capacitor 67. The device 62 sWitches off sshen
t he phase 2 pul se goes |ow. Wen the phase | pul se agai n goes high, the
source Vcc again charges the capacitor Si nul t aneously, the device 63

goes on and the capacitor 67 provides stored charge as well as the pul se
fromthe phase 1 clock to charge a capacitor 68. Wien the phase | clock

goes low the devi Cﬁa&%ﬁﬁ@ﬁd Lo agf‘d&%x}]éelﬁép %LMdin%Q%(I:\figolg&%E ﬂ?astgﬁg dalte

capacitor 68 and the poSitive sSwn ase ral se t he

vol tage | evel on thgeaRRei kRS dsHbds ci ently above the level Vout to
cause the conducti oneof t he SV\IlIStChi ng sélevi ce 64. Wen the phase 2 clock

| at er goes high, the output device 64 turns on and furni shes a punped

voltage at Vaut eqeg cRépé e%ﬁ'hﬁﬁieﬁhsyfof ?rﬁwmg[wtmeﬁosﬁfve%g%wowhﬁﬁlwdi ed by
e ou .

the value of Vcc less the drop of put device Thi s provi des
t he desired output wodramgermindls bethé floatirygarofidld effévt ghnsistorelevioés duringant
necessary to erase and programflash EEPROM nenory arrays. Thus, as may
be seen, the arrangprmgmmmingfpgmtion5 provi des a reliable charge punp
circuit capable of producing high |evels of current efficiently with a
substantial reduction in the circuitry and die space necessary in the
circuit of Figure 4secondghaspe,pprgp wam%éwwmgqmommsmp velizgede bsunp
required to furni Shalgpr}ieed\ég Lgu%geetcyn?i?lgls of the floating gate field effect transistor devices

during an erasing operation,

and switching means responsive to control signals indicating the existence

of a program or an erase operation

for connecting voltage from the first charge pump means to the drain
terminals, ground to the source terminals, and the voltage from the
second charge pump means to the gate terminals of the floating gate

field effect transistor devices during a programming operation, and

for disconnecting the voltage furnished by the first charge pump
means from the drain terminals, connecting ground to the gate
terminals, and the voltage from the second charge pump means to
the source terminals of the floating gate field effect transistor devices

during an erasing operation; and

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

means.



at the drain termnals of the flash EEPROM nenory cells during progranm ng
of the array may be provided by charge punps identical-te-those _

described in each of Figure 4 and 5 with the exception th
are used. For exanple, a charge punp having only two staggummmm%fnﬁimm
providing a 9.5 volt output which may be used at the drain*ermna .
the nmenory cells during programm ng. Al { hough the present invention has
been described in terms of a preferred eftbodinment, it will be appreciated

that various nodifications and alterations m ght be nmade by those skilled

in the art wthqut partjing fromthe spitit.and_scope of. he. i.nyention.
The invention sHatl gft-heléf%fl%m%resyﬁtgglsﬂﬁf a&“%%‘“trkg%?gw ‘?C)lﬁgh Ectﬁegﬁr tha.r\%%.i ch
fol I ow. pump means is capable of furnishing approximately 9 volts and the secSnd charge

pump means is capable of furnishing approximately 12 volts.

Claim 13. A computer system as claimed in Claim 11 in which the first charge
pump means is a bootstrap charge pump capable of furnishing approximately 9
volts and the second charge pump means is a bootstrap charge pump capable of

furnishing approximately 12 volts.

Claim 14. A computer system as claimed in Claim 11 in which each of the
charge pump means functions in response to four individual phases of clock

pulses.

Claim 15. A computer system as claimed in Claim 11 in which each of the
charge pump means functions in response to only two individual phases of clock

pulses.

Claim 16. A memory arrangement comprising

a flash EEPROM memory array including a plurality of floating gate field effect

transistor devices,



VWhat Is Cained Is: -Claiml. A conputer systemconprising: a
central processor; an output display; a menmory arrangement conprising

a flash EEPROM nmenory array including a plurality of fl m IJ m
effect transistor devices, ' a first charge pu *, cm Pﬂlﬂﬂ”ﬂ

first positive voltage to be applied to drain term nals "of Sth&
floating gate field effect transistor devifes during a pr ogramm ng
operati on, a second charge punp®tor providing a second positive
voltage to be applied to source termnals of the floating gate
field effect transjstor devices

0 s 5 | _

and swi t chi ng. STRCUREr guPEasancicy b irssposiBiaady iR agpieo i |

connecting vol 155 ol oRnR B el LrRcPR AR B & Uyring 2 progromming. 1 ©1
operation,

second charge pump means for providing a second positive voltage to be applied to
source terminals of the floating gate field effect transistor devices during an erasing

operation,

and switching means responsive to control signals indicating the existence of a

program or an erase operation

for connecting voltage from the first charge pump means to the drain
terminals, ground to the source terminals, and the voltage from the second
charge pump means to the gate terminals of the floating gate field effect

transistor devices during a programming operation, and-

for disconnecting the voltage furnished by the first charge pump means
from the drain terminals, connecting ground to the gate terminals, and the
voltage from the second charge pump means to the source terminals of the

floating gate field effect transistor devices during an erasing operation.

Claim 17. A memory arrangement as claimed in Claim 16 in which the first
charge pump means is capable of furnishing approximately 9 volts and the second

charge pump means is capable of furnishing approximately 12 volts. -



terimnals, ground to the source termnals, and the voltage fromthe .

second charge punp to the gate term nals of the floating '
ef fect transistor devices during a programr ng operation, m ”ﬁ:{ l}””!”"l
ec

20 for disconnecting the voltage furnish

charge punp fromthe drain termnals, connecting ground to
the gate term nal s, and tge vol tage fromthe second charge
punp to the source termnals of the floating gate field

effect transistor devices during an erasing operation and

a systembus fQr.transfe r|rc data and add ess
thee1 g fmgeHWBt fﬂh"?‘ wg f%‘(j’&m the “ﬁtl aim 2.

processor, Ty arra

Capabl & of f ﬁféﬁ‘?@?ﬁ‘ﬁa‘?}%gﬁrﬁ 0%‘%5“3*5%’9 “’@ PPl ool 80 O s
capabl e of f Urzﬁ':b?d%nﬂgtew{}(ﬂé'aﬂﬁtd@ s\écc;lr% cQlgk Dump means is a bootstrap charge

pump capable of furnishing approxxmately 12 volts.

Claim 19. A memory arrangement as claimed in Claim 16 in which each of the
charge pump means functions in response to four individual phases of clock

pulses.

Claim 20. A memory arrangement as claimed in Claim 16 in which each of the
charge pump means functions in response to only two individual phases of clock

pulses.

Claim 21. A method for erasing a flash EEPROM memory array including a

plurality of floating gate field effect transistor devices comprising the steps of:

pumping a voltage provided from a source of low voltage to a high positive voltage
level sufficient to utilize for a positive source erase operation at source terminals of

the floating gate field effect transistor devices,

applying the high voltage pumped to the source terminals of the floating gate field

effect transistor devices,

floating the drain terminals of the floating gate field effect transistor devices, and



Claim 3. A conputer systemas clainmed in aim1l in which the first ™~
charge punp is a bootstrap charge punp capable of furnis ﬂ
9 volts and the second charge punp is a bootstrap charge ;mmﬂmmml“mn “/
furni shing approximtely 12 vol ts. Claim4. A conput & %ysfe
claimed in Gaim1l in which each of the charge punps functions in response
to four individual phases of clock pul se Claimb5. A conput er

S
systemas clained in Caim1l in which eact! of the charge punps functions
in response to only two individual phases of clock pul ses.

21 d ai nlq?plying grdﬁng?m %o@r‘éé ?en%l%nﬁ tfthe%{ll 5l zggﬁeld effect transistor

devices.



a.flash EEPROM nenory array including a plurality of floating gate field

effect transistor devices, a first charge punp for providing a first
positive voltage to be applied to drain termnals of the floating gate
field effect transistor devices during a progranm ng- operation, a second

charge punp for providing a second positive voltage to be applied to
source termnals of the floating gate fieLd effect transistor devices
during an erasipg oper ation, and switching circuitry responsive to
control signal sEFAEH cBEFRGM t HRINR| GHARGE BYMRINGrogram or an erase

operation Abstmgmfmg%gdiﬂg voltage fromthe first charge punp to the

drain term nal s, ground to the source termnals, and the voltage
fromthe second charge punp to the gate termnals of the floating

gate field eff et intéppited Sikcdit LRUERM for providingletade\ltageR 199 FRAEIERO
operation, and for disconnecting the voltage furnished by the

first charge pungménycummay fecluding one chelrgeipnmipefongenafating & A0 Bphivolagy widnd t o
the gate termnals, and the voltage fromthe second charge punp to
t he source t er riubsiantiabeurrdne whiahahayniop wged €or application foithd sbuedeftediindls afsi st or
devices during an erasing operation.

flash EEPROM memory cells during erase and to the gate terminals of flash

EEPROM memory cells during programming, and another charge pump for

generating a second lower voltage which may be used for application to the drain

terminals of flash EEPROM memory cells during programming.

Figure 3

' This Sheet Has Been Ri

T

THIS SHEET HAS BEEN
REPLACED




22 daim?7. A menory arrangenent as clainmed in Claim®6 in which the
first charge punp is capable of furnishing approximtely 9 volts and the
second charge punp is capable of furnishing approximtely 12 volts.

Cl aim 8. A menory arrangenent as clainmed in Claim6 in which the first
charge punp is a bootstrap charge punplgapabl e of furnishing approximtely
9 volts and the second charge punp is a bootstrap charge punp capabl e of

furnishing approxinmately 12 volts. Claim9. A nmenory arrangenment as
claimed in aim6 in which each of the charge punps functions in response
to four individual phases of clock pul ses. Cl ai m 10. A nmenory
arrangenent as clainmed in daim6 in whic actrof—t he charge—purRs
functions in response to only two individdal phaseg of cl ¢ck pglgés.
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C dim 11. A conputer system conpri sing: central processing neans;

out put di spl ay neans; means for providing storage for data conprising
23 flash EEPROM nenory array neans including a plurality of
floating gate field effect transistor devices, first

charge punp neans for providing a first/@ositive voltage to be applied
to drain termnals of the floating gate field effect transistor devices

during a programm ng operati on, second charge punp neans
for providing a second positive voltage to be applied to source
termnals of the floating gate field effect transistor devices
during an erasing operation, and swi tching npans_respansive to
control signals indicating the existence ..
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pmm e e+ o —— e ———te =TT T

of -a programor an erase operation for connecting voltage
fromthe first charge punp neans to the drain . term nal s,
ground to the source termnals, and the voltage fromthe

second charge punp neans to the gate terninals of the floating gate

field effect transistor devices duringsa progranm ng operation, and

for disconnecting the voltage furnished by the first charge punp

means fromthe drain termnals, connecting ground to the gate

termnals, and the voltage fromthe second charge punp neans to

the source termnals of the floating gate field effect transistor devices
during an erasing operation; and system bus neans for transferring data

and -addresses between the central processing nmeans, theneans—for
providing storage for data, and the output display neaps, 3 3
24 Caim1l2. A conput er systen1as clalned in O aim B whi dh t he
first charge punp neans is apapre—of—furntshtrgy appro |natgly@9 vol ts and
t he second charge o
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punp neans i s capable of furnishing approxi mtely 12 volts. Claim 13.
A conputer systemas clainmed in Caiml1ll in which.the first charge punp
means is a bootstrap charge punp capable of furnishing approximtely 9
volts and the second charge punp neans is a bootstrap charge punp capabl e

of furnishing approximately 12 volts. 46 Cl aim 14. A conputer system
as clainmed in Cdaim1ll in which each of the charge punp neans functions in
response to four individual phases of clock pulses. Cl ai m 15. A

conputer systemas clained in aim11l in which each of the charge punp
means functions in response to only two individual phases of clock pulses.
Cl ai m 16. A nmenory arrangenent conprising g a flash EEPROM nenory array
including a plurality of floating gate field &ffect
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transi stor devi ces, 25
first charge punp neans for providing a first posjtive.voltage to be
applied to drain termnals of the floating gate field effect transistor
devi ces during a progranm ng opération, second charge punp neans for
providing a second positive voltage tod)g applied to source termnals of
the floating gate field effect transistor devices during an erasing

operati on, and switching neans responsive to control signals indicating
the existence of a programor an erase operation for connecting
voltage fromthe first charge punp neans to the drain term nal s,

ground to the source termnals, and the voltage fromthe second

charge punp neans to the gate termnal3 of the floating gate field effect
transi stor devices during a progranmm ng operation, and for

di sconnecting the voltage furnished by,the first charge punp nmeans

_ I

A 64
——=— 68

s

vel

i\

',—ﬂ To)

—2 o
| 5

~ o ~

r—T S iC

—1%\* N

o 1R

12k

i\ ©

Vee
60

Ph




fromthe drain termnals, connecting ground to the gate termnals, and the
vol tage fromthe second charge punp neans to the source termnals of the
floating gate field effect transistor devices during an erasi ng operation.
Claima1l7. A menory arrangenent-as clainmed in Claim16 in which the first
charge punp neans is capabl e of furnisz@g approximately 9 volts and the
second charge punp neans is capable of furnishing approximately 12 volts.
26 Cl ai m 18. A menory arrangenment as clained in Caim16 in which the
first charge punp neans is a bootstrap charge punp capabl e of furnishing
approximately 9 volts and the second charge punp neans is a bootstrap
charge punp capabl e of furnishing approxi mately I2 volts. Claim 19
A nmenory arrangenent as clained in aim16 in which each of the charge
punp neans functions in response to four individual phases of clock

Figure 6

)
o 29
O 3 Q 0.0
—_— o] o o [7,} .E)
® o [ oo ° £2
2 oo 2 _52.!: = Q
[ ] ~ o >S—=0nn EZ -~
E It =I5 g2 Eoo v e
—_— == OO [s) [l i ol 'DLq_.U [N OQ:
- SHJ00 =00 'S -0 S O
8 090°'p Q O+uw 9 Ll Suj
o] [} (D-“:Q. E o-u .EUJ ol
©S £8s50 50 S @
o C £9%ho0 a2 TG o o
'S b on £ TS o0
> o A+ O =(¢ ~ 09 c O
O Ecuyg?© =nan0 o+.0 I3«
M X DL*J)U o 0. o S O
0o D_ng)a O o u- ld ) oy
- — <+ 0Ol L. Op oo




ul ses. Cl ai m 20. A nmenory arrangenment as cl afreg-+a-c-ai-m_16-in
\R/m ch each of the charge punp megns functions in resﬂﬁﬁﬁﬁxﬁﬁi\’mﬂhwﬁm
i ndi vi dual phases of clock pul ses. Claim 21. AT hod T o1 €rjas
a flash EEPROM nenory array including a plurality of|f oatlng gate fli e
effect transistor devices conprising the steps of: ourrpl“ng"“’“vtﬂ tage
provided froma source of |ow voltage tola high posit| ve-wet- el
sufficient to ut| I | ze for a p05|t|ve source erase opefation at source
termnals @& HBES M-LegNGSHAREEPAMeIM@Cct transi st OTUEVITES, ™~ appryi ng
t he hi gh voltage purrped to the source termnals of the floating gate field
ef fect trardEBHOD AND APPARATUS PORIFRDGRAMMINGANBHRASING m_AanEEPRmn I ng
gate fiel d MEMORY ARRAYSUTILIZING IACCHARGEPUMP CIRCUIT

[@ R

BACKGROUND OF THE INVENTION

Field Of The Invention o

This invention relates to computer systems and, more particularly, to methods and
apparatus for programming and erasing flash eIecirically-erasabIe programmable read

only memory (flash EEPROM) arrays.

History Of The Prior Art

The usé of computers has grown so extensive that the power used by these computers
has become significant. In order to reduce the cost of oberation ‘as well as the
consequent use of energy resburces, a substantial move is underway to reduce this
power usage. In fact, a major trend in the manufacture of personal computers is to
reduce the voltage level required to operate the integrated circuits which are used in the
various components of those computers. There is also a simultaneous trend to provide
portable computers which function for extended periods. This trend has also has led to

attempts to reduce the power used by portable computers.

In order to reduce power consumption and extend battery life, much of the integrated
circuitry used in personal computers is being redesigned to run at low voltage levels. This
reduces the power usage and allows more components to be placed closer to one
another in the circuitry. The circuitry and components used in portable computers are
beihg designed to operate at voltages levels such as 5 volts and 3.3 volts. This helps a

great deal to reduce the power needs of such computers.
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27 applying gro¥mtd to the source terminals of the floating gate field
ef fect: transi stor devi ces. T A T ATRTE O
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Abstract of the Disclosure:

FEASH-EERROM-USING-CHARGE-RUMPING

METHOD AND APPARATUS FOR PROGRAMMING AND ERASING FLASH EEPROM
MEMORY ARRAYS UTILIZING A CHARGE PUMP CIRCUIT

C ——

An integrated circuit arrangement for providing erase voltages to a flash EEPROM —
memory array including one charge pump for generating a first high voltage with
substantial current which may be used for application to the source terminals of flash
EEPROM memory cells during erase and to the gate terminals of flash EEPROM memory
cells during programming, and another charge pump for generating a second lower
voltage which may be used for application to the drain terminals of flash EEPROM

. .memory cells during programming.

Figure 3




