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METHOD AND APPARATUS FOR PROVIDING AN ULTRA LOW POWER
REGULATED NEGATIVE CHARGE PUMP _

BACKGROUND OF THE INVENTION
. Fiel The Invention

This invention relates to computer systems, and more particularly, to methods and
- apparatus for providing a precise regulated voltage from a charge pump while

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

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

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

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

great deal to reduce the power needs of such computers.

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

- functional equivalent of a hard disk drive which operates more rapidly and is not
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as sensitive to physical dzi'mage;.. Such ;néfnory_ arrays dre é's:p:eci':iil;y useful in
portable computers where space is at & prermum and welght is 1mpommt. These
flash EEPROM memory arrays, howcver require much hmher voltages and
substantially more power for programming and erasing data.than can be provided

directly by the batteries of low powered portable computers.-

Charge pumps may be used in portable computers to provide a high voltage froma .
lower voltage source. Ho.wever, one problem with using charge pumps is that the
voltage level provided at an output terminal tends to vary §ubstomiz\lly_from a
desired value. The output of a charge pump is t'umishéd'in. a series of chérge
pulses which are stored to provide a Source vollztge. The charge pump generates
this form of output because the output stage functions in the manner of a diode
which only transfers charge to the output in a properly biased condition. This

- creates a voltage ripple on the output of the pump when the current requirements
are hfg’h relative to the'?'capa_c'it'anc':e of the load. .Mo_reo-ver,_the output voltage will
vary for different source voltages, temperatures, m:minfacturine. processes, and
_load currems On the other hand itis necessary to provxde very dccurate voltages

for programmmg and erasmg thc cells of a t'lash EEPROM memory array ‘This
problem make it deslrable o attempt to regulate the output volmge prov1ded by

- charge pumps to obtain a rel.mvely constam value over mnges of source voltages

temperatures, and manufacturm_s, processes

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

EEPROM memory array and thereby reduce the power used. Consequently, it is
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éspecially desirable to regulate the output voltage provided by charge pumps

utilized to generate voltages used for negative gate erase operations.

One voltage necessary for use w1th flash EEPROM memory arrays is a negative
voltage which is used at the gate termmal of a P channel isolation transistor which
is part of the word decoder in such memqry arrays. Sucha transistor must be
operated with very little delay once an operation 13 commenced. For this reason,
the negative voltage used must be immediately available. Providing an
immediately available voltage from a charge pump normally requires that the
charge pump be on at all times. This, in itself, usually require the expenditure of
substantial power. It is, therefore. desirable to provide an ultra-low power
negative charge pump circuit which may remain operative while expending very

little power.

Summary Of The Invention

. It is, therefore, an object of the present invention to provide a very simple method

and apparatus for providing a regulated output voltage from a charge pump while

expending minimal power.

Itis another more speuﬁc Ob_]ect of the preeent invention to prov1de a method
and apparatus for provxdmg a reszulated output voltage from 4 neganve charge

. pump with the expenditure of minimal power which _vol_tage may be used to

operate a wordline isolation transistor in 2 memory array.

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

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

be used to drive gate isolation wransistors in a flash EEPROM memory array, a
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source of clock pulses for causing the charge pump to generate a negatiV_e_ output
voltage, circuitry for enabling the clock circuitry. du__ring_;_a small fraction of the
operating time of the computer with wﬁich the circuit is associated, and current
mirroring urcum'y for rezul.mng the source of clock pulses whereby the output
voltage from the charge pump is mammned ata rel.mvely constant level during the

period in which clock pulses are Lenermed

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

several views.
Brief Description Of The Drawings

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

combine to provide the present invention.

Figure 2isa block dmzr.tm lllustr.mn _s, the use ot a neg drive charge pump circuit in
accordance with the presem invention tor controllmg d wordlme xsolauon
transistor for a flash EEPROM mem'ory array.

F igure 3 isa block d:agram of a nez,dnve chdrge pump urcun whnch 1llusu'ates its

operatlon in the presem mvennon T R T

RPTIN

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

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

circuit of Figure 3. -
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Notation And Nomenclature

Some portions of the detailed deécriptions which follow are presented in terms of .
symbolic represehtations 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 effecﬁvely co.nvey the substance of their work to
‘others skilled in the art. The ope_rations are those feqﬁin‘ng physical manipulations
of physical quantiﬁeq U~:ually,. lhelleh not necewarily, these quaniities take.the
form of electrical or magnetic slg.,nals wpable of bean stored, tr-msferred
combined, compared, and otherwxse mampulated It has proven convenient at
ume.s, pnnc:pally for reasons of common usage. to refer 10 these mznals as bits,
values elements. symbolx ch.xraclers terms, numbers, or the like. It should be
borne in mind, howevex that all ot these and similar terms are to be associated
wnh the appropriate physical quzmnnes and are merely convenient labels applied to

these quantities.

Further, the manipulations performed are often referred to in terms, such as
adding or con_uparing, which are cbmmonly associated w_ith mental operations
performed by a human operator No sueh capability of a hum.m operator is

necess.iry or des1rable in most c..xses m any of the opemnons described herem
whxch fonn part of the presem mventlon, the operanons are machme operanons

| .“-.I}‘seful machmes for performme the operatlons ‘of the preeem invention inciude
gener'il purpose dig 11,.1&11 computers or other similar dev1ces In all cases the
distinction between the method oper'mons in oper.mng a computer and the method

* of computation itself should be borne in mind. The present invention relates to a

method and apparatus for operating a computer in processing electrical or other
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(e.g. mechanical, chemicul) physical signals 10 generate other desired physical

signals.
Detailed Description

Referring now to Fuzure 1 there is tllustr'tted a t,omputer syetem 10. The system
10 includes a centr'tl processmL unit l 1 whteh executes the various instructions
provided to the eomputer system l() to eontrol its opemttons The central
processing unit 11 is Jomed to & bus 12 dddpted 10 c.u'ry mtommtton to various
components of the system l() Jomed to the bus 12 is main memory 13 which is
typically construt.ted of dyn.tmt(. mndom access memory ttrranged in a manner
well known to those sktlled in the prtor art to store 1nfommtton durtng a penod in
which power is provndecl 1o the system l() Also Jomed to the bus 12 is read only
memory 14 whteh may m(.lude various memory devu.es well known to those
skilled in the art euch of which is ndupted 10 retain a p.u‘tttul.tr memory condttton
in the absence of power to the system 10. The read only memory 14 typlcally
stores various basic functions used by the processor 11 such as basic input/output

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

__Also eonnected o the bus 12 ure various pertpher'tl componems such db long term
memory 16 and urcuttry such asa frttme butfer 17 to whtt.h dttt.t may be wrttten
. Whichisto be transferred 10 ttn output devu.e sueh as a momtor 18 for dlsplay
Rather than the typtcal elecu-o-met,hamcal hard dtsk drtve Whl(.h 1s typtcally used
for long term memory, a flash EEPROM memory arr'ty nmy be used as the long
term memory 16. Such flash EEPROM memory ttrr'tys are proerammed and
erased throuen teehmques whteh utthze voltut.es yeater th.tn those typlcally

avmlable to the mteszrated urctuts of more adv.tneed port.tble computers. Such
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flash EEPROM memory arrays may include circuitry for programming and erasing
the memory array. Consequently, in accordance with the present invention, such
long term méinbry arrays may provide circuitry for generating high voltages from
the lower voltages available from the batteries available in the portable computers

in which such arrays are typically found. -

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

(typically minus nine or ten volts) is provided at the gate terminal of the memory

device; and Ve (typically five volts) is:prc_wided at the source_terrhinal. The five
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- .volts at the source terminal is not sufficient td break down the source-_subs_t_rate
.juhction diode.of the device, and only a relz_tfiyr:ly j;_ni_ubs:t_untial amount of source
current flows. Consequently, though similar voliage gi:_ffex_'en_tials are applied
between the gate and source terminals of the dévice,--'_the_ negative_ erase technique

requires much less current from the charge pump..

In order to utilize the negutiv_e ei‘ase_technic]ue with a flash EEPROM memory
array. it is necessary 1o apply a precise negative voltage to the gate terminal of a P
channel isolation transistor in order to isolate the decoding circuitry from the
memory array. Figure 2 is a block diagram of a flash EEPROM memory array
- with associated circuitry related to wordline a_c;ceés. Figure 2 shows an array 26
.. of flash EEPROM memory devices 28. A single row decode circuit is illustrated
for use with the array 26. The circuit includes an inverter 25 which joinsa
-particular row of the array 26 10 the decode circ_l.lit_r'y:. “The inverter 25 xs used for
_applying a high vd_ltage (such as twelve volts) utilized for programming the
- memory cells of the army,.zﬁ and for applying five volts to the gate terminals of the
‘memory transistors during_'a read operation. The inverter 25 is joined to the -
- wordline by an isolation transistor 27. The transistor 27 i:.s;;a P type -_FET_'deyi_ce_ :
~ which reacts to a negative voltage at its gate terminal to _c'_c_mnuect_: ;hé.high--YOII?lge 1o
- the wordline. The isola_tidn_tfansistﬁrZ?_ is used in-order to isolate i_h_e negative
erase potential so that N+ jznnciions Of N type.transig,orshre not for.wa_rd _bi_ased in .
the word dec,oder A neganve charge pump circuit 21 is also connected to the
wordlme byaP type FET device 22. The neganve charge pump circuit 21 is used
- o prov:de a negdtwe volmue at the wordlme and the gate terminals of the flash
R .EEPROM memory cells of the array 26 for erasmg those cells._ ‘As has been

.ex'plained above. the négétiVe 'vdltzlgé is'npplied 10 the 'g‘cité terminals while a small
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positive voltage is applied to the source terminals of the memory cells to cause the

erasure of conditions stored by the flash cells.

The erasmg of the memory device 28 requires thttt a posmve five volts be apphed
to the source termmttl of the device 28, that minus nine volts be .tpphed to the gate
terminal, and that the drain terminal be floated. The ﬁve volts at the source
terminal is not sufﬁuent to break down the source-substmte Junc,tton diode of the
c_lev:ce. und only a relatively msubstantml amount of source current ﬂows.
Consequently, the ne"atwe gate erase technique requires much less current from
the t.harg,e pump than does the positive erase technique. The operanon of the
transistor device 27 to selec.t the pro«rrammmc voltage or 1solate the negative erase
voltage is controlled by a negative voltage provided by an ultr:t low power
regul:tted'negative'chztrg'e pump in accordince with the present invention. Itis

" desirable to regulate this pump in order 1o ensure that adeyuate voltage is available

- to turn on the isolation transistor 27 during programming and read. This voltage

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

In a portable computer, the ne;,attve volttts.es necessary o operate vanous pomon
of a ﬂash EEPROM memory ttrr'ty, such as the voltage applted at the gdte terrnmal
L of an l's‘OlﬂIlOI’l tramts'tor, mzty be furmshed by a chdrge pump. Fteure 3 tllustrates '
| l...d nezattve t,h.trae pump 31 whteh mtty be used to prov1de such a ne.gatlve voltage
| thure 3 tllustrates a ﬁrst bootstrap pump .trr'tng,ement which may be uttltzed to
prov1de a number of dtfferent levels of negative voltaaes mcludtng the htch
negative voltages requtred for erasing flash EEPROM memory arrays m
accortiance with the negative erase technique. As will be apparent to those skilled

in the art, a similar charge pump with P channel transistors replaced by N channel
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-transistors and having'a positive voltage input may be utilized to provide the high-
positive voltages for accompli'shlntr positive so'urce erase operations and other
operations such as progr.tmmmg requn'mg posmve output voltages. As is shown

.' in thure 3, the pump 31 mcludes a number of stuges of P type field effect
tr‘tnsxstors (FETs) 32, 33, .:md ’54 connected in sertes between ground drld an

' output termmttl Vout Input t.lock stgnuls are furnished to the circuit 3] from

' %ource«s illustrated via c;tp:tcxtom 36 and 37 A second set of input cloc.k stgnals
are furnished from sources tllustmted by Lttpttutors 40 and 41. Each S[d"e of the

E circuit 31 mcludes aP channel FET devu:e 4‘% or 44 used to precharge the gate
temun.tl of the devu.e 32 or 33 of that b[dLe The ﬁrst stage is eompnsed of the

transmtor devxces 3" and 43 and the c.tpttc.ttors 36 and 40

Four tndmdual clock signals referred to.as phase. l phase 2, phase 3 and phase 4
are shown in Fts.ure 3. Each of these clock stutmls provides.a hth v.tlue of Vce

~anda low value of g,round In order o underst.md the operation of the circuit 31
the operation of a sm«le stage including the devu.e 33 will be discussed.

Followm g the ttmlng dtugram of Figure 3, the phase 2 dnd phase 4 clocks are
mttmlly low Smce the phase 2 elock 19 low, the control devnce 44 ts tmttally on‘
When the phase l elock stgn.tl goee low the negattve voltag,e pulse apphed o

) throueh the cap.tcxtor '%6 chttrges the c.ap.tutor 41 at the g.tte termmal of the detnoe
‘33 throug,h the devu,e 4410 the negttttve voltttge level of the sourc,e ten'nmal of the "
| devnee 3”5 When the phdse 2 cloek then goes htgh the devnce 44 tums off,”
1sol.1tmg the gdte of the dev1ce 33 'tnd leavmg the cap..tcnor4l ch.trged to a

negative level.
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‘When the phase 3 clock then goes low, the voltage at the gate terminal of the

- device_: 33is aﬁp‘reciab'ly lower than the voltage at the source terminal because of
the precharging of the capacitor 41 to a negative value. This turns the device 33
‘on in the region in which it experiences no threshold voltage (Vt) drop. The
elimination of the Vt drop means that increased current is trapsferred more rapidly
from the capacitor 36 to the next stage. The negative voltage phase 1 pulse at the

capacitor 36 begins to charge the capacitor 37 (toward a value of minus Vce).

When the phase 3 clock then goes high, the dcvic& H begms tb éo off When the
phase 2 clock goes low, the cupacifq'r 37 goes to approximately mim._:s twice Vec;
and the device 44 turns on discharging the gate of the device 33 and bringing it
toward the voltage of the drain so that the device 33 wurns off rapidly. When the
phase 1 clock then goes high, the device 33 stays off and the device 44 stays on so

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

' Viéw_ihg the circ_ui__t as a whole, when the device 32_éon1e§ on in ré;sp:onsé to the
negat.iye edge of the phase 4 clock, the cupaéitor 40 at it_S gmé ter.nllinal has been
| plaéed at ground through the device 43 ;;thch has__é,oﬁ?: off Thus, the gate
terminal of the deviéé 3’.5 ls foﬁéd much foWer thanthe sourc,e termmd ﬁn&the
- dévice 32 comes on without a Vi drop and charges the capacitor 36 and the -
capacitor 41 to ground level very rapidly. Then the device 32 begins to turn off as
:"'_.'t'he phase 4 clock goes high. The drop of the phase 1 pulse causes the capacitor
36 to go to minus Vec iind completes the'tur_ndff of the device 32 by discharging
the capacitor 40 throu-gh the device 43. The llow value phase 1 qlc'x:k continues the
charging of the capaéitor 41 until the rise of the phase 2 clock turns off the device

44 leaving the gate of the device 33 charged. As explained above, the device 33
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comes on cornpletely_.'withqut a Vi drop .w_hen_tl_)e_ phase 3.clock :goes_ low and the
.. garte terminal of the device 33 which is charged to a negative value gees._below the .
*source terminal. This allows the rapid charge of the capacitor 37 0 a n'e'g.at_ive
value of approximately minus two times Vce. The sume .«_;eq.ue_nce.woul_d eontinue
" through whatever-number of stages are present until the charge on the capacitdr 37
" is sufficient to turn on the device 34 to providegé.pumped'yoltage level at the..
output of the circuit 31. It should be noted that the device 34 opeg‘ates ina ra_nge in

which it exhibits a Vit drop since no bootstrap transistor is provided.

. This basic operation continues in the manner explqined._ -The two stage pur_:1p

- circuit 31 illustrated ,:in Figure 3 furnishes a lxeggtti;ve:;vql_lz:ige_of approximately N

* (where N is the number of stages) times the pumped voltage Vg:e .at_._,the output |
terminal less the Vt drop of the device 44. More importamly, the circuit 31
provides a very efficient operation because the cireuit 31 does not h:_ive the_
threshold volmg,e drops of lhe usual c,lmrée pump uruut exc,ept for the last stage.

_ This dllows it ) provxde more currem al the ourput .md todoit more rdpldly This

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

and therefore reqmre less d1e area on an mteszmted cm.un e -

Ref‘ex‘ring”hdw to Figllre 4, there is illus_tr@tcd 'a:_blqck-diagam of a circuit 50
designed in accordance v;/,it,h the p_res_eht inven_f?on. ; Theurc.untKS() includes a
ne'gati've -charge pu_rﬁp 51 whu,h 11"1_11)"j_befzx"eh';i_f;?;e pumpsuch dsthat i!lpstrate_d in
- Figure 3.. The charge pump 51 receives _g:lo_c_-..k'_inp'ut sign’ale in .th_e_ m;mrie_r .
- described above and produces an 6mpu; voltage value. The output voltage is in
" “the preferred embodiment a negative voltage which may._be applied to the gate

* terminals of the P channel isolation transistors in a flash EEPROM memory array
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designed to utilize negative erase techniques. The circuit 50 is specifically .
designed to provide the negative voliage used for application to the wordline of a

flash EEPROM memory array for reading the values stored in the memory cells.

In order to both reduce the power utilized by the charge pump 51 and to regulate
the voltage output which is produced, a unique hiasing circuit is-used. The circuit
includes a P type field effect transistor (FET) device 54 which has its source
terminal connected to a source voltage Vce. The tirain of the P type device 54 is
joined to the source terminals of a number of essentially identical P type FET
devices 56, 57, and 58.- “The gate terminals of each of the P type FET devices 56,
57, 58, and a similar P type FET device 70 are joined together. Since the gates of
the devices 56 57,58, and 70 are, connected and the source terminal of each
device is connected to the source voltage Vcc, the current throu gh the devu,e 56is
mn'rored through each of the other devu,es 57 58, and 7() The current pd[h

| throuah the devu,e 56 continues 10 ground throu“h the dmm .md source termmals
of a N type FET device 59. The current puth throuuh the devu,e 57 connnues to
| ground through the drtun and sourc,e tennmals ofaN type FE'I‘ devxce 6() and a

' reststor 61 The current p.tth throuuh the devnce 58 contmues to the output '

tet'mmdl of the pump 51 through a senes p.tth mcludmg, a plumltty of 51m11at
dtode-c.onnected P type FET devnces 63 67 whtch together func,non asa dmder

: _c1_rcu1t_. o

The transistors 56 and 57 form a first current mirror. The transistors 59 and 60
also form a current mirror with a gain greater than one. Since the devices 56 and
57 are matt.hed they carry equul currents in an arrangement whlc,h is power

supply mdependent The current provxded by thts drrangement is mtrrored from
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the device 57 to the current mirror arrangement including the transistor 58 and to

the current mirror arrangement including the transistor 70. -

A N type FET device 69 and the P type FET device 70 have their source and drain
terminals connected -itt'series between the storlrce voltage Vee and ground. These
devices provide a comparator arrangement which controls whether a circuit 53
which provides clock pulses for operating the pump 51-is'enabled or disabled.
The gate terminal of the N type device 69 is connected be_tween devices 63 and 64
in the divtder-network. .Since- the P type device .70 is connected to mirror the:

- current through the"deviee5156 and 57, it acts as a current source for the

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

The devmes 56 57, 38 59 6() and 7() are bmsed 10 provxde a very 5mall current,
and they normally conduct when the source voltage Vu, is .tpplled through a

- conductmg devme 54 The devnee 54 is en.tbled by a low valued volmge .tpphed at

- its gate termmdl Thns low v.tlued voltas.e is supphed from a source of pulse |

| en.tble stgn.tls 55 tor a pertod selu.ted 1o be short w1th respect 1o the overdll penod
of a ﬁrst slow cloek stgn.tl Dunnu the perlod ot the pulse en.tble sngnal current
flows throuuh the devxces 36 dnd 59 1o t.round Thts eurrent is mlrrored through
_the devu.e 57 dnd through the dev1ce 58 'I‘he small bldS current through the i
| devme 58 is suft' cient to sustain current throuuh the devu.es 63 67 of the dxvxder

.. . network SO that i threshold voltage drop.s dcross ,each device ot' the dt_vrder. When_
: 3-the output voltage of the pump 51 is at its desired negative level, the voltage

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

Since the current through the devxce S6is ulumately mm'ored throu0h the device

| 70, the devu.e is enabled when the devrce 54 is embled If the voltage atthe
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- output of the charge pump 51 is above (more positive than) the desired negative
- output level, the N _type'device 69 is on and transfers this current to ground
- providing an input signal of a first low level to the pump clock circuit 53. This
low valued input signal at the pump clock circuit 53 enables the clock signals
necessary to operate the charge pump 51 to provide a negative output voltage for
_ the isolation transistors of the memory array. Otherwise, the eharge pump 51 is

‘disabled.

In orde.r. 10 asutlre that the output voltuge protiuced hy the charge pump Sl isof a
relatively constant value, the biztu current through the device 57 is ntirfored into the
devices 58 and. 70. Since the device 70 acts as a current source for the
comparator, the device 70 will attempt to transfer the same current as the device
57. At the same time, the voltage at the gate terminal of the device 69 varies with
the value provided at the output terminal. If the voltage at the output terminal is
‘higher than desired (not sufftciently negative), the device 69 is on and a relatively
low voltage is applied to the pump clock uenerutor 53 to enable the charge pump
SL When the volttwe at the output temunul is more negative than the deslred
output vulue, the devu.e 69 swntc.hes off and a hwh voltdge value (Vcc) is dpphed
"o the pump clock 2enemtor 53 from the .source Vcc to dhdble the clock When
- thls ocwrs, the volt.tge Ievel at the output of the chdrge pump 51 is held relanvely
'. const.tnt over some pertod by the output load circuitry. The voltdoe level at the
output will eradually rise as charge on the capacitive output load dlsstpates overa
period approximating the remaining length of the slow clock. Thus, the biasing
arrangement operates to regulate the output voltige of the pump 51 by selectively
enabling the device 69 during the state in which a pump enable pulse is furnished

~ to the device 54.
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| When the pulse enable signal ends and the device 54 is disabled, the bias circuit is
turned off and the device 70 is disabled. However, the high valued pump enable
stgn:tl is then.inverted and furnished to a. P type FET device 75. The device 75 is

_‘enabled to apply the source VOlt_age Ve to the pump'clock circuit 53 attd disable -

-the pump 51. This shuts the pump 51 off entirely. :Since the pu.mp--.51 rutts only

during the short time of the'pul-se enable signal, the actual power utilized by the
pttmp Slis very 'small compared to what would be furnished were the pump to
run at all times. In this mtmner, avery low power rewulated charge pump circuit is

furmshed

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

- the prior art. .

» Althous_h the present mvenuon has been descnbed in terms of a preferred |
h embodtment it wxll be ctppreuated that vttrtous modtﬁcattons .tnd alterattons tmght
: be made by those sktlled in the art w1thout depamng from the sptnt and scope of
-. _' the mvennon ;I‘he mventton should therefore be measured in terms of the claxms

| .whtch follow
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wordline circuitry for accessing the memory cells of a row of the flash
EEPROM memory array for reading and writing including an isolation

transistor, and

a circuit for providing a regulated negative output voltage from a charge
pump circuit while utilizing very low amounts of power for controiling the

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

a (.IOLk circuit for providing clock pulses 10 opemte the char_s,e

pump circuit to produce an outpul volld“c.

a bias urc,un for momtcn ing the output voltage of the ch..trf,e pump
and furmshm; signals for en.iblmo the clock circuit in response to

an insufficient output voltage, and
circuitry for enabling the bias circuit during a fraction of the total '
operating time available to the charge pump.
Claim 7. A computer system as claimed in Claim 6 in which the bias circuit
---comprises:

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

" source of potential, and

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

voltage divider.



WO 95/26071 PCT/US95/03318

-20-

Claim8. - A computer system as claimed in Claim 6 in which the voltage

divider comprises a plurality of diode-connected transistors devices.

Claim 9. A computer system as claimed in Claim 6 in which the circuitry for .
enabling the bias circuit during a fraction of the total operating time available to the

charge pump comprises:
a transistor switch connected 1o a source of potential,
a source of enabling pulses for the transistor switch,

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

by the transistor swnch. dnd

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

bias circuit.

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

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

charge pump means,

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

ourtput voltage,

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

_ lnsufﬁuem output volt.:u.e. and
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What Is Claimed Is:

Claim 1. A circuit for providing a regulated output voltage from a charge

pump circuit while utilizing very low amounts of power, the circuit comprising:
“a charge pump circuit,

a clock circuit for providing clock pulses to operate the chirge pump circuit to

produce an output voltage,

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

and

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

available 1o the charge pump.

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

which the output voltage produced by the churge pump is negative.
Claim 3. A circuit for providing a regulated output voltage from a charge

- pump circuit while wtilizing very low amounts of power as claimed in Claim 1in
which the bias circuit comprises:

" a'voltage divider arranged between an output terminal of the charge pump and a
source of potential, and

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

voltage divider.
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Claim 8. A computer system s claimed in Claim 6 in. which the voltage

divider comprises a plurality of diode-connected transistors devices.

Claim 9. A computer system as claimed in Claim 6 in which the circuitry for
enabling the bias circuit during a fraction of the total operating time available to the.

charge pump comprises:
a transistor switch connected to a source of potential,
a source of enabling pulses for the transistor switch,

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

by the transistor switch, and

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

bias circuit.

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

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

~ charge pump means.

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

. output voltage, .

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

_ insufficient output voltage, and
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means for enabling the means for monitoring the output voltage of the charge
pump means during a fraction of the total operating time available to the charge

pump means.

Claim 11. A circuit for providing a regulated output voltage from charge
pump means while utilizing very low amounts of power as claimed in Claim 10 in

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

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

comprises

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

means and a source of potential, and

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

with a desired voltage.

Claim 13. ~ -'"A circuit for providing a regulated output voliage from charge
P gareg P MLEE Irom Charg
. pump means while utilizing very low amounts of power as claimed in Claim 12 in
which the voliage divider means comprises a plurality of diode-connected

transistors devices.

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

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

- charge pump means comprises:-
switching means for providing a voltage from a source of potential,
means for enabling the switching means,

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

potential provided by the swiwhing means, and

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

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

flash EEPROM ‘memory arridy means including a plumli;y_otf memoi'_y cells -
ar'rahged in rows and columns, |

"' means for accessing the memory cells of a row of the flash EEPROM .
memory array for reading and writing including transistor isolation means,
and o e e

" means for providing a regulated negative output voltage from charge pump

means while utilizing very low amounts of power for controlling the



-
g

-23-

operation of the transistor isolation means, the last mentioned means

comprising
- ‘charge pump means,

means for providing clock pulses to operate the charge pump

means to produce an output voltage,

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

pulses in response to an insufficient output voltage, and

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

“available to the charge pump means.

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

monitoring the output voltage of the charge pump means comprises

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

means and a source of potential, and

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

with a desired voltage.

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

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

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

enabling the means for monitoring the-output voltage of the charge pump means
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during a fraction of the total operuting time available to the charge pump means

comprises:

switching means for providing a voltage from a source of potential, |

T

means for enabling the switching means,

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

potential provided by the sﬁ'itching means, and

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

monitoring the output voltage of the charge pump meuns.

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

amount of power comprising the steps of:

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

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

“operating a charge pump to produce an output voltage to be measured in response

to clock puises produced.



