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

BACKGROUND OF THE INVENTION 

•- -- Field Of The Invention 

This invention relates to computer systems, and more p~uticularly, co methods and 

appanuus for providing a precise regulared voltage from a charge pump while 

expending an extremely low amount of power. 

Hisrorv Of The Prior An 

There has been a recent trend toward lowering the power re1.1uirements of portable 

computers. In order to reduce power consumption, much of the integrated 

. circuitry used in persona~ computers is being redesigned to nm at low voltage 

-- levels. The circuitry and components used in ponable computers are being 

designed to openue at voltage levels such as 5 volts and 3.3 volts. This helps a 

grear deal ro redm:e the power needs of such compmers. 

However, some of the features of ponable computers require voltages hig~er than 

these supply voltages. For example, flash -eJeccricillly-emsable progrdmmable read 

01ily memory (fla-.;h EEPROM memory) has begun to be used as a new form of 

- -···· long.term ·mridom-~icc~ss-storitge:·"An_-exi1mple of a flash EEPROM memory array 

whit'h may be used in piace of a hard ·disk drive is described in U. S. -Patent 

Application Seri a.I No. 07 /969 .131. entitl~d A Method and Circui tIY For A Solid 

State Memory Pisk, S. Wells, filed October31,_ 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 nlpidly and is not 
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as sensitive to physical damage·. Such memory arrays are e~pecially useful in 

portable computers where spat.-e is at a premium and weight is imponant. These· 

flash EEPROM memory amlys. however. require much higher voltages and 

substantially more power for progrnmming and emsing 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 from a 

lower voltage source. However, one problem with using charge pumps is that the 

voltage level provided m an output terminal tends to vary ~ubstantitllly from a 

desired value. The outpul of a (.°harge pump is furnished in a series of charge 

pulses which are stored to provide ~1 source voltag~. The ctmrge pump generates 

t~is form of output because the output stage functions in the manner ofa diQde 

which only transfers charge to the output in a properly biased condition. This 

· creates a voltage ripple on the mitput of the pump when the--current requirements · 

are high relative to the capacitance of the loud. Moreover. the oucput voltage will 
. . 

vary for different source voltages. temper..nures. m~mufacturing processes; and 

load currents. On the other hand, it is. necessary to p~ovide very accur.ite voltages 

for programming ~nd er.isi11g the cells of a flash EEPROM memory array. This 
. . . . . . .. ~ - . ··- . ... . . . :. . . . . ·. . . ... .' .. : ~ .. ~ '·.:.: . . . . 

. _ problem make it desirdble to attempt to regulate the oucput voltttge provided by 
. . . ·. -: .' .: ·-:- ; -~ - : : "'. . ,·. . . ·: . . .. . . . . .. ·. . ,. . ":'. . . : .. ·. . . · .. 

charge pumps to obtain a relatively constant value over ranges of source voltages, 
. . . . . 

temperatures. and manufacturing processes. . 

·- Another way in which the power requirements of the flash EEPROM arrays have 

been reduced is through the use of negative gate erase techniques.· These 

techniques reduce the amount of current required during the erd5e of the flash . . 

EEPROM memory array and thereby reduce the power used. Consequently, it is 
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especially 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 with_ flash EEPROM memory arrays is a negative 

voltage which is used at the gate terminal of a P channel isolation transistor which 

is pan of the word decoder in such memory arrays. Such a mmsistor must be 

operated with very little delay once an operation is commenced. For this reason, 

the negative voltage used must be immediately available. Providing an 

immediately available volmge 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 mi.ly remain opemtive 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 appanuus for providing a regulated output voltage from a charge pump while 

expending minimal power. 
.. ....... ..: ' ·. - . .: -~ .'. : .-·· ·-· .. . ...... :··-: ... . -· .· .. 

It is another, more specific, object of the present invention to provide a method 
. .. .. . . : .. ·-- _ .. :. ~ . . ··- . . . : . . : . . . :· ·. - ..... : 

and apparatus for providing a regulated output voltage from a negative charge 

pump with the expenditure of minimal power which vofrage inay .be used. to 

oper.ue a wordline isolmion tmnsisror in a memory arr.ty. 

These and orher objecrs of the present invention are realized in a circuit which 

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

be used to drive gate isolarion transistors in a flash EEPROM memory array, a 
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source of clock pulses for causing the charge pump to gener.ue a negative output 
~ ... · . . 

voltage, circuitry for enabling the clock circuitry during,a small fn\ction of the 

opercuing time of the computer with which the circuit is associated, and current 

mirroring circuitry for regulating the source of clock pulses whereby the output 

voltage from the charge pump is maintained at a rClatively constant level during the 

period in which clock pulses are genenued. 

These a~d other objects and femures of the inventipn 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 Descriprion Of The Drawings 

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

combine to provide the present invention. 

Figure 2 is a block diagram illustrming the use of tt negtfrive charg~ pump circuit in 

accordance with the present invention ·for con~rolling •t ~ordline isolation· 

transistor for a flash EEPROM memory array . 

. ;··: :: . :~· ··: . :.; ·. . . . . · . .-~·· ·. 

Figure 3 is a block diagr.im of a l1egative cha~ge pump circuit which "ilil1sfrates its 

operation in the present invention . 
. ··•···•.•'I .... •.•;,,,;,,:.,.;,.•;_.j.~;"':•.'•i~~··.--' 

Figure 4 is tt block dia~rram of a circuit for providing the present invention 

Figure 5 is a timing diagmm illu~tmting the values of different ~ignals used in the 

circuit of Figure 3. 

.J 
j 
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Notation And Nomenclature 

Some portions of the detailed descriptions which follow are presented in tenns of 

symbolic representations of operations on data bits within a computer memory. 

These desc.."liptions 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 an. 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, rnmsferred, 

combined, compared, and otherwise manipulated. It has proven convenient at 

times, princip~illy for reasons of common usage, to refer to these signals as bits, 

values, elements. symbols. characters. tem1s, numbers, or the like. It should be 

borne in mind, however, that all of these and similar terms are to be associated 

with the appropriate physical quantities :ind are merely convenient labels applied to 

these quantities. 

Further, the manipulations performed are often referred to in terms, such as 

adding or co~paring, which are c~mmonly associated with mental operations 

performed by a human oper.uor. No such capability of a human openttor is 

nec.."Cssary or desimble in most cases in ·any of the operatio~s described herein 

which form part of the present invention; the operations are n1achine operations. 
·----~-·--·-·····-···· -· ............. · .... ··- ···--·~---· --~- ····--. ······----~ ·-··· ...... . 

. Useful machines for performing the openuions of the present in.venrion inci~de 

general purpose digital computers or other similar devices. In all cases the 

distinction betwe~n the method operations in operating a computer and the method 

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

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

signals. 

Detailed Description •· 

Referring now to Figure 1. there i~ illustrated a computer system 10. The system 

10 includes a central processing unit 11 which executes the various instructions 
. . . . 

provided to the computer system 10 to control its operations. The centr.tl 

processing unit 11 is joined to a bus 12 adapted· to cmTy infom1mion to various 
. . 

components of the system 10. Joined to thebus 12 is rnain memory 13 which is 

typically constructed of dynamic random access men1ory arranged in a manner 

well known to those skilled in the prior an to store infom1ation during a period in 

whkh power is provided to the system 10. Also joined to ttle bus 12 is read only 

memory 14 which may incl~1dt: various memory de\lict:s w~ll known to those 
. . . . . ' . . . . . 

skilled in the an each of which is adapted to retain a p:.uticultU" ~etnory condition 

in the absence of power to the system I 0. The read only merbory 14 typicaliy 

stores various basic fUnctioris used by the processor U such as basic input/output 

processes and stanup processes typically referred t() as BIOS processes . 

. .... · 
. .· . : . . .··. . ... ·. 

_ Also connec.·ced to the bus 12 are various peripheml componems such as long tenn 

memory. 16-~~~ c~rc~·;t~-~uch ~s a f~m~e-but~f~r :J7·t~ whi~~,d~~,m may ~~tten 
. . . .. . . . . .. ~ 

which is to be transferred to an ourput devic~ such as'a-monitor 18 for display . 
. · ... .. :• ;··r.:···.:'-.~; ... ~:.·.~ !.=· ~~~~: ...... .:.: .... :. 

Rather than the typical electro-mechanical hard disk drive which is typically used 
... . . ---·· .. . . 

. . . .. . 

for long term memory, a flash EEPROM memory array ma)' be used as the long 

term memory 16. Such flash EEPROM memory array~ are progr.tmmed and 

erJsed through techniques which utilize vohages greater than those typicaJly 
. . 

av:iilable to the imegnued circuits of more adv~inced portable computers. Such 
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flash EEPROM memory am1ys may include circuitry for programming and erasing 

·the memory array. Consequently, in accordance with the present invention, such 

long term mernory arrays rritty provide circuitry for genei"J.ting high voltages from 

the lower voltages available from the batteries available in the ponable computers 

in which such a.IT'dys are typically found. · 

A flash EEPROM memory array is made up of memory ceJis which include 

floating gute field effec:t tnmsisror devic1::s. Such memory transistors may be 

programmed to change the charge stored on the floating gate. •md the condition 

(programmed or erased) may be detected by interrogmirig the cells. The 

conventional method of erasing an array of flash EEPROM memory cells erases all 

of the cells together (or at leasr some large block thereat). Typicaily, this requires 

the {ipplication of twelve volts to· the source terminals of all of the memory c.-ells, 

grounding the gate terminals. and floating the drain termim1Is. This conventional 

form of erdsing ·flash EEPROM memory arrays is referred to ~ts positive source 

. erase. This positive source emse has been felt to require an inordinate amount of 

currenc because of the diode action between the· source and substrate of a N type 

·flash EEPROM memory cell. For this reason, designers have been attempting to 

provide negmive gate erase techniques to obviate the loss of current through the 

diode effect. In this· manner. ch~trge pumps may provide sufficient current to 

-generate the powerforeffectively emsing and pro&,JTamming flash EEPROM 

memory. 

In accordance wirtphe newer negative emse technique, a large negative vol~ge 

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

device; and Yee (typic~tlly five.volts) is provided at the source terminal. .The five 
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. volts at the source tenninal is. not sufficient to break down the source-substrate 

junction diode.of the device, and only a relatively .insubs.tantial amount of source 

current flows. Consequently, though similar voltag~ ~ifferenti;ils are applied 

between the gate and source tenninals of the device, the negative erase. technique 

requires much less current from the charge :pump. . 

In order to utilize the ".egative erase technique wit~ a flash EEPROM memory 

array. it is necessary to apply a prec.·ise negative vo,lmg~ to the gate terminal of a P 

channel isolation transistor in order to isolate the decoding circ1,.1itry from the 

memory arrny. Figµre 2 is a block diagram ofa flash EEPROM memory array 

with associated circuitry related to wordline ~ccess. Figure 2 shows an arnty 26 

of flash EEPROM memory devices 28. A.single.row decpcle circuit is illustrated 

for use with the amty 26. The circuit includes ~m in:vener 25 whichjoins a . 

panicular row of the amty 26 to the decode circuitry. The invener 25 is used for 

applying a high voltage (such as twelve volts) utiliz~d for progr.1mming the 

memory cells of the array 26 and for applying five volts to the gate terminals of the 

memory transistors during a read operdtion. T;he inyener 25 is joined to the , 

wordline by· an isolation tmnsistor 27. The transistor 27 i:s· a P type FETdevice 

which reacts to a negative voltage at its gate tenninal.to conn.ect. the.highvoltage to . . .. .. . . . 

·the wordline. The isolation transistor27 is used in orderto isolate, the negativ.e 

en1se potential so that N+ junctions of N type.trdnsist~rs_·are not forward biased in . 

the word decoder. A negative charge pump circuit 21 ·is also corinected to the 

wordline by a P type FET device 22. The negative charge pump circuit 21 is used 

' to provide a negative voltage m the wordline and the gate' terminals of the flash 

EEPROM memory cells of the amty 26 for emsing those cells. As has been 

explained ~bove. the negative voltage is applied to the gate tenninals while a small 
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positive voltage· is applied to the source terminals of the memory cells to cause the 

enlsure of conditions stored by the flash cells. 

~he erdsing of the memory device 28 requires that a positive five volts be applied 

to the source terminal of the device 28, that minus nine volts be ~tpplied to the gate 

terminal. and that the drain terminal be floated. The five volts at the source 

terminal is not sufficient to break down the source-substrate junction diode of the 

device. and only a relatively insubsmntii.11 :.1mount of source current flows. 

Consel1uemly. the negative gme erase technique requires much less current from 

the charge pump than does the positive erase technique. The operation of the 

transistor device 27 to select the progr.imming voltage or isoh~te the negative erase 

voltage is controlled by a negative voltage provided by an ultm low power 
. . . . 

regulmed negative charge pump in uccord:.mce with the present invention. It is 

desirable to regulute this pump in order to ensure that :.1deqmne voltage is available 

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

used should not be too large in order to avoid stressing the isola:tion transistor. 

In a p~rtable computer, the negative voltages necessary to opemte various portion 
... ; 

of a flash .EEPROM memory amiy. such as the voltage applied at the gate terminal 

of an isolation transistor. may be furnished by u charge pump. Figure 3 illustrates 
. . . ~ .: ~ ' . 

·3 negative charge purrip 31 which may be used [O provide such a negative voltage. 

Figure 3 ·illustrates a first bootstrdp pump ammgemem which may be utilized to 
... 

provide a number of different levels of negative voltages includ_ing the high 

negative voltages required for emsing flash EEPROM memory arrays in 

accordance with the negative erase technique. As will be apparent to those skilled 

in the an. a similar charge pump with P channel tnmsismrs replaced by N channel 



W09S/26071 PCI'/US~S/03318 

- 10-

tr~·msisJors a_nd having· a positive volt~ge input may l;>e utilized to provide the high 

positive voltages for accomplishing positive source. entse operations and other 

oper • .uions such as programming requiring positive output voltages. As is shown 

in Figure 3, the pump 31 includes a number of stages of P type field effect 

mmsistors (FETs) 32, 33, and 34 connected in series betwe~n groundand an 

· output terminal· Vout. Input clock signals a~e furnished to the circuit 31 ·from 

sources illustrated via Ci.lpi.tCitors 36 and 37. A second set of input clock signals 
. . 

are furnished from sourL·es illusrrntc:d by cupucitors 40 i.tnd 41. Each stage of the 

. circuit 31 includes a P:channel FET.device 43 or 44 used to precharge the gate 

tem1inal of the. device 32 or 33 of that smge. The first stage is comprised of the 

transistor d~vlces 32 and 43 and the capacitors 36 and 40 .. 

Four individual clock signals referred to as phase I, phase 2, phase 3, and phase 4 

are shown in Figure 3. ·Each of these clock signals provides .-1. high value of Vee 

and a low v~lue of ground .. In onier to undersmnd .the oper:.uion of the circuit 31, 

the operation of a single stage including the device}3 \\'i~I be discussed. 

Following the timing diagram of Figure 3, the phase 2 and phase 4 clocks are 

initi~lly.lo':"'. Sin~e the phase2 clock isfow, the control device 44. is init~aliron. 
~t·~=!· :·= =--~·r . .": ·· ··.·· · :·· · · :.·. ·: ··.·~.--···· -·~ :_; .··-- -· ... ~ .. 

When .the phase I clock signal goes low. the ilegaci~~ voltage pulse applied .. 
~ . . .. .... . . .. . 

.... : . - ·-- .· ... . ·- - -. 

through the capacitor 36 charges the capacitor 4 l at the gate ierminal of the device 

~3 through the device 44 to the .negmive ~oitage le~el of the: so,urce ,terminal of the 
. ,:·- " .. 

device 33. When the phase2 ciock theri goes ll'igh~·the.device 4~fforiis ·off.­

isolating the gate of the device 33 and leaving the capadtor 4'1 charged to a 

negative level. 
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When the phase 3 clock then goes low, the voltage at the ga:te tenninal of the 

device 33 is appreciably lower than the voltage at the source tenninal because of 

the prechiU"ging 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 transferred more rapidly 

from the capacitor 36 to the next smge. The neg:.uive volmge ph:.1se 1 pulse at the 

capacitor 36 begins to charge the capacitor 37 (toward a vo:1lue of minus Vee). 

When rhe phase 3 dock rhen goes high, che dt"vi<.·e 33 begins ro go off. When the 

phase 2 clock goes fow, the c:.1padtor 37 goes to approximately minus twice Vee; 

and the device 44 cums on dischnrgiog the gace ofche device 33 and bringing it 

toward the voltage of the dmin so that the device 33 rurns·off rapidly. When the 

phase I clock then goes high, the device 33 stays of( and the device 44 stays on so 
. . 

that the charge at rhe drain nnd gare rem1inals of the device 33 ate equalized. 

Viewing the circuit :.1s a _whole. when the device 32 comes on in response to the 

negatiye edge of the phase 4 clock, rhe capacitor 40 m its gme tem1inal has been 

placed at ground through the device 43 which has gone off. Thus, the gate 
.... ~ . : 

tenninal of the device 32 is forced much lower than the source terminal and the 

· device 32 comes on:withotn a Vt drop and charges the capacitor 36 and the· 

capacitor 41 to ground level very r.ipidly. · Then the device 32 begins to turn off as 

· · . the phase· 4 clock· goes high. The drop of the phi\se I pulse cm:1ses the cap~citor 

36 to go to minus Vee ·t1nd completes the turnoff of the de\•ice 32 by disc~arging . 

the capacitor 40 through the device 43. The low value phase l clock continues the 

charging of the capacitor 41 until the rise of the phase 2 clock rums off the device 

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



.WO 95/2Ci071 PCf/US9,5/03318 

- 12 -

comes on completely without a Vt drop when the phase 3 clock g9es low and the 

_ gate terminal of the. device 33 which is charged to. a ~egative value. gc:>es below the 

source terminal. This allows the rapid ch;irge of the capac:itor 37 to a negative 

value ofapproxima~ely minus two times Y cc~ The same sequence ~ould continue 

-- · -through_ whatever- number of stages are present- until, the charge on the capacitor 37 

is sufficient to tum on the device 34 to provide :a pumped voltage level at the.­

output of the circuit 31. It should be noted thanhe c:te.vice 34 operates in a rd.nge in 

which it exhibits a Vt drop since no bootstmp transistor is provided . 
. :· 

. ·This basic operation continues in the manner explained. The two s[age pump 

. drcuit JI illustrated.in Figure 3 furnishes a neg.uiveyolmge of approximately N 

(where N is the number of stages). times the pumped v9ltage Yee .at ,the output 

terminal less the Vt drop of the device 44. More importantly, the circuit 31 

provides a very efficiem operation because the circ~it 31 does not have the 

threshold voltage drops of the usual charge pump circuit except for the last stage. 

This allows it to provide more current i.ll the outpllt tmd tO do it more rapidly. This 

increased efficiency allows the charge pump to-~ implemented in 'fewer stages 

and-t~erefore ret1uire le~s die area on a~ integrated cireuit. 
: ... : . . : .. : ... -.· -'· : .' ·. :.: ·:. ·> :·· _-· ~ ~--- ..: ..... : 

Referring now to Figure 4, there is illustr.ited ·a block diagram e>f a circuit 50 

designed in accordance with the present invention. The c~rcuit 50 include~ a 
-- ....... - .. . 

. . negative charge puri1p 51 which may be u charge pump such as that i~lustrated in 

-Figure 3. -The charge pump 51 receives ~lock input signals in the m~mner 

described above and prodl1ces an outpm voltage v~lue. -~he output voltage is in 

: the preferred embodi~ent a negative voltage which maybe applied to the.gate 

terminals of the P channel isolation cmnsistors in a flash EEPROM memory array 
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designed to utilize negative erase techniques. The circuit 50 is specifi.cally 

designed to provide the negative voltage used for application to the wordline of a 

flash EEPROM memory amly for re:1ding the values stored in the memory cells. 

In order co both reduce the power utilized by the charge pump 51 and to rel,7Ulate 
• 

the voltage output which is produced. a unique biasing circuit is used. The circuit 

includes a P type field effect trcmsistor (FET) device 54 which has its source 

rermim1l connec.1ed to a source voltage V cc. The drain of the· P type device 54 is 

joined to the source tem1inals of :.t number of essentially identical P type FET 

devices 56, 57. und 58. The gate terminals of euch of the P type FETdevices 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 Vee, the current through the device 56 is 

mirmred through each of the other devices 57. 58. and 70. The currenc path · 

through the. device 56 continu~s to ground through the drain and source termin1;1ls 

of a N type FET device 59. The current pmh through the d~vice 57 continues to 

ground through the drnin and source terminals of a N type FE~ device 60 and a 

resistor 61. The current path through the device 58 continues to the output 
. . . 

. . . . . . . . . . ~ . : ~ .. ~... . . . .. ; : ... . .. : 

terminal of the pump 51 through a series p~ull' including a plur:1llty of similar 
.. ······ ~· . '~; ~ -· 

diode-connected P type FET devices 63-67 which together function as a divider _ 

circuit. 
.. .. . . f ·'. ~-

The transistors 56 and 57 form a first current mirror. The tmnsistors 59 and 60 

also form a current mirror with a gain greater than one. Since the devices 56 and 

57 are matched, they carry equal currents in an arrangement which is power 

supply independent. The current provided by this arrclngement is mirrored from 
. -
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the device 57 to the currenJ mirror ammgemem including the transistor 58 and to 

the current mirror arrangement including the tnmsistor 70. 

A N type FET device 69 und the P type FET device 70 have their source and drain 

terminals connected in series between the source voltage V cc and ground. These 

devices provide a companitor ammgement which controls whether u circuit 53 

which provides clack pulses for opemting the pump 51 is enabled or disabled. 

The gate terminal of the N type device 69 is connected between devices 63 and 64 

in the divider network. Since the P type device 70 is conne_cted to mirror the- _ 

current throtigh the devices 56 und 57. it uc.·ts us u current source for the 

coi:npanuor ummgement whi<:h provides input to the circuit 53. 

The devices 56, 57, 58, 59, 60, and 70are biused io provide a very small cuITCnt, 

and_ they normally conduct when the source voltage V cc is applied through a . . . . 

conducting device 54. The device 54 is enabled by a low valued voltage applied at · 

its gate terminal. This low v;.1lued voltage is supplied from a source of pulse 

enable signals 55 for tl period selected to be shon with respect to the overall period 

of a first slow clock signal. During the period of the pulse enable signal, current 
. . . .. . .. ' . . ·.·· .. 

flows through the devices 56 and 59 to ground. This current is mirrored through 

the device 57 and through the devi~e 58. The s~allbfas current through the 
.. , ... ·:··· ,. '• ,,,,, ...... ···•••&·•.••··' • .'·· •:·• ..... :: . ··-~~- ..... :.;. :-::-· ·.··~ .: ..... ,. -~. ; .. · .... :· .. ~.-. 

device 58 is sufficient to sustain current through the devices 63-67 of the divider 
.... 

. necwork so that tt threshold voltage drops acrc>ss each device of the divider. When 

-the outplll voltage of the pump 51 is _m its desired negmive level. the voltage · 

provided at the gate terminal of the device 6.9 is -lower than a threshold voltage. 

Since the current through the device 56 is ultimately mirrored through the device 

70, the device is enabled when the device 54 is enabled. If the voltage at the 



WO 9,S/26071 PCl'/US95/03318 

- 15 -

. 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 operctte the ch•U"ge pump 51 to provide a negative output voltage for 

the isolation transistors of the memory array. Otherwise. the charge pump 51 is 

disabled. 

In order to assure that the oucpm voltage produced by the charge pump 51 is of a 

relatively constant v•tlue. the bias c:urrent through the device 57 is mirrored into the 

devices 58 and 70. Since the device 70 •lets as a current source for the 

compamtor. the devic:e 70 will attempt co 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 cem1inal. If the voltage at the output terminal is 

higher than desired (not sufficiently negative). the device 69 is on a~d a relatively 

low voltage is applied to the pump clcx~k generator 53 to enabfo the charge pump 

51. When the volmge at the output cem1inul is more negative than the desired 

output value, the device 69 switches off and a high voltage value (Vee) is applied 
·······.;. . ,.,;: .. ··, .. : . .. •.· 

to the pump clock generator 53 from the source V cc to disable the clock. When 

. 'this occurs, the ~oluige level iit the mitput of the charge ptimp 51 is held. relatively 
.. · . . . . . .· .: .,, .. 

constant over some period by the output load circuitry. The voltage level at the 

output will graduully rise •ts c.~harge on the ct1pacitive output load dissipates over a 

period approximating the rem•1ining length of the slow clock. Thus, the biasing 

arrcmgemem opermes co regulate the outpln volti1ge of the pump 51 by selectively 

enabling the device 69 during che 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 

signal is then invened and furnished to a P type FET device 75; The device 75 is 

enabled to apply the soun:e volmge Vee to the pump clock circuit 53 and disable 

the pump 51. This sh ms the pump 5 l off entirely. Since the pump 51 runs only 

during the shon time of the pulse enable signal, the actual power utilized by the 

pump 51 is very small compared to what would be furnished were the. pump to 

nm at all times. In this manner, a very low power regulated charge pump circuit is 

furnished. 

It should be noted that not only does the CiR·uit 50 reduce the power requirements 

o~ the ch.arge -pump 51 because it nms for a very short period, it also reduces the 

power requirements because unlike most regulation circuits, itdoes not require the 

generation of a volrnge 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. . 

Although the present i11vention has bee~ desc..-ribed i.n te~s of a preferred 
. ' . . ' ·. . '. . . 

. ·. 
embodiment, it will be appreciated that .various modifications and alterdtions might . . . . . . ·. . . ·. . . . ' 

be made by those skilled in the art without departing from the spirit and soope of . 
' .......•.. - •·.. ..· -. . .. .. . . . . .. . . .. . .. ~-·.·· . ... . .. . ............ •.·.. . . . . .. - . ,:. .. ,-, ;, . ~ ·. ·. . . .· ·. ·' . . . . . :: . : 

the invention. The invention should therefore be measured in terms of the claims 

which follow. 
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wordline circuirry for ac.·cessing the memory cells of a row of the _flash 

EEPROM memory array for reading and writing including an isolation 

transistor, and 

~• circuit for providing a regulated negative output voltage from a charge 

pump circuit while utilizing very low amounts of power for controlling the 

operurion of the isolation transistor. the c.·ircuit comprising 

a charge pump circuit, 

a clock circuit for providing clock pulses to operate the charge 

pump c:ircuit to produce :m output voltage. 

a bi:is circuit for nmniroring th~ outpu1 volmge 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 fmction of the total 

openuing time available co the charge pump. 

. . 

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

··:··comprises: 

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

source of potential •. ;md 

a comparmor drcuit connected I(.) function in responst: to ... volmge produced by the 

voltage divider. 

. . 
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Claim 8. A computer system ~ts claimed in Claim 6 in which the voltage 

divider comprises ~t plurality of diode-connected transistors devices. 

Claim 9. A computer system as claimed in Claim 6 in whiCh the circuitry for 

enabling the bia~ circuit during a fraction of the total operming:time available to the 

charge pump comprises: 

' . . . . . 

a transistor switch connet.•ted to a source of potential. 

a source of enabling pulses for the trnnsistor switch. 

a circuit for genernting first current in response to the source _of potential provided 

by the transistor switch. and 

: . . : . 

current-miiTor circuitry for furnishing. a cunent mirroring the first current to the 

bias circuit. 

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

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

charge pump means. 
. . ~.-··-:: . ---- --, .. 

means for providing cloc.~k pulses to openue the charge pump means to produce an 

output voltage, 
· ... :. :.·.:: •···; 

means for monitoring the output voltage of the charge.purnp means and furnishing 

signals for enabling the means for providing clock pulses in response to an 

insufficient output voltage. and 
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What Is Claimed Is: 

Claim 1. A circuic for providing a regulaced output voltage from a charge 

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

a charge pump circuic, 

a clock circuit for providing c:lock pulses m operate the charge pump circuit to 

produce an output voltage, 

a bhts circuit for monitoring the output voltage of the chtrrge p.ump and furnishing 

signals for enabling the clock c:ircuit in response to an insufficient output voltage, 

and 

circuitry for enabling the bius circuit during a fraction of the tontl operating time 

avnilable to the charge pump . 

Claim2. .. A circuit for providing. ~• ~gulaied output voltage f~m a charge 

pump circuit while utilizing. very low amounts of power ~as c:laimed in Claim l in 

whic:h the output volcuge produced by the charge pump is negacive. 

Claim 3. A circuit for providing a regulated output voltage from a charge 
. . 

pump circuit while utilizing very low amounts of power as claimed in Claim 1 in 

which the bias circuit comprises: 

·· a voltage divider ammged between un output terminal of the churge pump and a 

source of potential, and 

a comparator circuit connected to function in response to a vol cage produced by the 

voltage divider. 
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Claim 8. A computer system ~ts claimed in Claim 6 in whictuhe voltage 

divider comprises a plurality of diode-connected transistors devices. 

Claim 9. A computer system as claimed in Oaim 6 in whkh the circuitry for 

enabling the bias circuit during a fraction of the total opemting time available to the 

charge pump comprises: 

a transistor switch conneL'ted to a source of potential. 
: •, 

a source of enabling pulses for th~ tmnsistor switch. 

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

by the transistor switch. and 

current-mirror circuitry for furnishing •t cun-em mirroring the: first current to the 

bias circuit. 

Claim 10. A.circuit fdr providing a reguluted·output voltage from.charge 

_pump means while utilizing very low amounts of power~ the circliit comprising: 

charge pump means • 
. _;·_ . . ·-. . .... _., .. ---.: 

means for providing clock pulses to openue .the charge pump means io produce an 
. . ' . 

.. output voltage, 
·' : ... ~· ·..: ... : .. : .. . . . ... . . ·' . 

means for monitoring the output ·v~lmge of the charge pump means and furnishing 

signals for enabling the means for providing clock pulses in response to an 

insufficient ourpm voltage. :md 
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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 I I. A circuit for providing u regulated output volmge from charge 

pump means while utilizing very low amounts of power as claimed in Claim I 0 in 

whic:h the ompui volrnge proclm:ed by the dmrge pump me:ms is negative. 

Claim 12. A circuit for providing u regulated output volmgt: from charge 

pump means while utilizing very low amounrs of power as claimed in Claim 10 in 

which the means for monitoring the· output voltage ofche charge pump means 

comprises 

vohage divider means arranged ~tween nn output tem1inul of the charge pump 

means and a source of potential. and 

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

with a desired voltage. ' 

Claim 13. · · : ·.·A dn:uft for providing a regulmed output voltage from charge 

. pump me~ms while utilizing very low amounts of power as daimed i~ Claim 12 in 

which the volmge divider m~ans l'Omprises u plurality of diode-connected 

transistors devices. 

Claim 14. A cin:uit for providing a regulated ()Utput voltage from charge 

pump means while utilizing very low amounts of power as claimed in Claim 10 in 

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

'. 
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charge pump means during tl fraction of the totul operming 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 volmge from the source of 

potential provided by the switt:hing meuns, and 

metms for furnishing a current mirroring the first current ,to the me;ms for 

monitoring the output voltage. of the chu.rge pump ITI~t~ns. 

Clttim 15. A computer system comprising: 

processor means: 

main memory means; 

busing means associated with the processor means and main memory means; and 

flash EEPROM memory amiy means including a plur..di~y of memory cells · . 

arranged in rows and columns. 

. ... ~ . 
means for accessing the memory cells ofa ro~ of the flash EEPROM 

. ..... ~ - --· -... :.: ~ . ..:. ;_ -.- . ·~ 

memory array forreading and writing including transistor isolation means, 

and 

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

means while utilizing very low amot1nts of power for controlling the 

--
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oper.uion of the mmsistor isolation means, the last mentioned means 

comprising 

Claim 16. 

charge pump means, 

means for providing clock pulses to operate the charge pump 

means to produce :.m output voltage, 

means for rnonitoring the outplll voltage of the c:h~1rge pump means 

and furnishing signals for em1bling. the means for providing clock 

pulses in response to un insufficient outpur volmge, and 

means for enabling the means for monitoring the output voltage of 

the charge pump means during a fmction of the total operating time 

avuiluble to the churg.e pump means. 

A computer systen1 us c:laimed in Claim 15 in which the means for 
. . 

monitoring the output voltuge of the charge pump means comprises 

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

means arid a source of potential, and 

. meansJunctioning to compare :.1.vplcage produced by lhe yolmge dividermeans 

with a desired voltage. 

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

divider_ means comprises a plurality of diode-connected mmsistors devices. 

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

enabling the meuns for moniroring the-outpm voltage of the charge pump means 
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during a fraction of the total oper.i.ting time av~ilable 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 generctting a first current in response to· the volt;.1ge from_ the_ source of 

potential provided by the switching meuns. and 

.. . . ~ . 

means for furnishing a current mirroring the first current to the metins for 
. : . . . 

. . . 
. . • . . . . ! . . 

monitoring the output voltage of the <.'harge pump means. 

Claim 19. A method for providing a regulated voltage while using a small 

amount of power comprising the steps of: 

measuring an output voltage during a preselected fraction of ;.1 period during which 

the· voltage is provided. 

comparing the voltage to a suffidem output voltage. 

genemting clock pulses in response to a voltage less}han a: sufficient voltage, and · · 

operating a charge pump co produce an output voltage to ~measured in response 

to clock pulses produced. 
. ... 

... ··. •.:·.- ... 


