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the extemal supply voltages or the internal power supplies to- supply voltages to the remaining circuitry of the integrated circuit, The
integrated circuit comprises voltage detector circuits for detecting the external voltage levels and a control circuit for selecting either the
external supply voltages or the internal power supplies in response to the detected external voltages The integrated circuit may be a flash
EEPROM, and the external voltages may be the operating supply voltage VCC and the programming supply voltage VPP.

245 and 250) includes circuitry (270) for selecting either (Fig. 13A)
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a second internal supply operative to output an internal programmng supply
vol t age; ~a first switch coupled between the first conductor and the
array of nmen096H337s: a second switch coupl ed bet ween t h&@TAEHE323S
conductor and the array of nenory cells; athird switch coupled
between the first internal supply and the array of nenory cells; a
fourth switch coupled between the second internal supply and the array of
menory cells; and a control circuit coupled to the switches, the
control circuit for switching on a one of the first and third switches in
response to the voltage | evel of the external operating supply voltage, and
for switching on a one of th&dltagerSuppliestfonRiashcMerdrys i n response to the

vol tage | evel of the external progranm ng supply voltage. - 4. The
nonyol atil e nenory device of claim3, further ,
FIELD OF THE INVENTION '

~

The present invention relates generally to power management of
integrated circuits and more particularly to the power management of
nonvolatile memory devices.

BACKGROUND c
The use of computer systems has grown so pervasive that the

- power consumed by computer systems has become a concern for
cotnputer system designers and consumers. To reduce the cost of
providing power to operate computer systems and the corresponding
consumption of energy resources, the goal of designing a "green PC" that
consumes less power has been pursued by several manufacturers.
Manufacturers of mobile or "portable” computer systems that operate
using rechargeable batteries as power supplies have also attempted to
reduce power consumption so that the mobile computer system may be
used for extended periods of time without recharging the batteries.

To reduce power consumption and to extend battery life, much of
the integrated circuitry used as components of computer systems is being
designed to operate at low voltage levels. For example, the circuitry and
components used in portable computers are being designed to operate at
exclusively at voltage levels such as five volts and 3.3 volts. This reduces
power consumption and allows more components to be placed closer to
one another in the circuitry. -

Unfortunately, the movement towards reducing the power
consumption of computer systems may conflict with the desire to
provide after-market upgrades and add-on devices for portable computer
systems. One type of device that may be used to increase the versatility of
a portable computer system is the flash electrically erasable
programmable read only memory ("flash EEPROM"). Flash EEPROMs
are nonvolatile memory devices that can be programmed and erased by



conpri si ng: a first voltage detection circuit for coupling to the
external operating supply voltage, the first voltage detection circuit
bei ng opewetdsmmosro out put a first signal indicating whet hepcrivsosiaess nal
operating supply voltage exceeds a first threshold voltage, wherein the
control circuit switches the first switch on and the third switch off if
the first signal indicates that the external operating supply voltage
exceeds the first threshold voltage; and second vol tage detection
circuit for coupling to the external programrng supply voltage, the second
vol tage detection circuit being operative to output a second signal

echo o, R B EEQUR W b e OO 0
on and the fastpaﬂhoﬁ\anplug-mfrhenforymarde@m EEPROMS typicallysequird t he 9
e nal b SHEAGTVARagud Ry or b AGRrE BRE Lraslg 565 i s 58 Mt o0
directly by the reduced voltage power supphes of green PCs and portable
computers. - '
One solution for allowing flash EEPROMSs to be used in reduced
voltage computer system designs is to provide charge pump circuits
external to the flash EEPROMs for boosting the supply voltage levels of
the computer system to the higher voltage levels required by the flash
EEPROM. A difficulty with this solution is that the use of separate charge ‘
pump circuits requires printed circuit board space that may be at a
premium in a portable computer system.
An alternative solution is to design flash EEPROMs that include
charge pump circuits for internally generating the higher voltage levels
required by the flash EEPROM. One difficulty with this solution is that
charge pumps internal to the flash EEPROM require semiconductor die
space, which may require an increase in the semiconductor die size for
the flash EEPROM. Another difficulty is that internal charge pump
circuits may not be able to provide sufficient current to program and
erase the memory cell array as quickly as external charge pumps, and
- operation of the flash EEPROM may be slowed.’




a first conductor coupled to an external operating supply voltage; a
first swtch coupled between the first conductor and an array of nenory

cells; o 918087 conduct or coupl ed to an external progranmPODUSER3s
vol t age; . a second switch coupl ed between the second conductor and the
array of nmenory cells; a first internal power supply for providing an
I nternal operating supply voltage at a first voltage |evel; athird
switch coupl ed between the first internal supply and the array of nmenory
cells; a second internal power supply fgr providing an internal

progranm ng supply voltage at a second voltage |evel;

'SUMMARY AND OBJECTS OF THE INVENTION

Therefore, one object of the present invention is to provide a flash
EEPROM that includes internal power supplies. | '

Another object of the present invention is to provide circuitry for
detecting the external supply voltages supplied to an integrated circuit.

Another object of the present invention is to provide circuitry that
can selective either the output of the internal power supplies or the
external voltage supply pins in response to detected external voltage
levels.

These and other objects of the invention are provided by a flash
EEPROM that includes a first conductor coupled to a first external supply
voltage and a second conductor coupled to a second external supply
voltage. The flash EEPROM also includes a first internal power supply
coupled to the first conductor for providing a first internal supply voltage
at a first voltage level in response to the first external supply voltage, and
a second internal power supply coupled to the second conductor for
providing a second internal supply voltage at a second voltage level in
response to the second external supply voltage. A plurality of switches
are coupled between the conductors and memory cell array, and between
the internal power supplies and the memory cell array. A first voltage
detector circuit is coupled to the first conductor for outputting a first
signal that indicates whether the first external supply voltage is at the
first voltage level, and a second voltage detector circuit coupled of the
second conductor for outputting a second signal that indicates whether
the second external supply voltage is at the second voltage level. A
control circuit is coupled to the first and second voltage detector circuits
and the switches. The control circuit controls the switches to selectively
couple either the first conductor or the first internal power supply to
remaining circuitry of the integrated circuit in response to the first signal.
The control circuit also controls the switches to selectively couple either
the second conductor or the second internal power supply to the



a fourth switch coupled between the second internal supply and the array of

menory cell's; a first voltage detector circuit coupled to the first
conduct Qyolgis@yt putting a first signal that indicates whehgsesiyszsext er nal
operating supply voltage is at the first voltage |evel; a second

vol tage detector circuit coupled of the second conductor for outputting a
second signal that indicates whether the external progranm ng supply
voltage is at the second voltage |evel; and a control circuit coupled
to the first and second voltage detector circuits and to the swtches, the
control circuit for controlling the firdt -and third swtches to coupl e the
first conductor to the array of menory cells and to decouple the first

i nt er nal psmawmxwmmg the integrpted cirewliin response o thessesendr nal o
operating siglly THe flade EEPROM! Botiedior Qlsingle sefiedndi&or 8abstralel i ng the
first and thlrd&igktches t 0._decoupl e tH§ fﬁééé &gductor t.0 thﬁparray of
nenory cells an r OBjRAts: featires,and pdvap [98 f RGN WEBRP he array °
of menory oll lse hpﬁafmtefm:nrﬁhQI aczprprinying sivawings/and foomitheldetailedan t he
first volt X : i t he second and fourth switches to
coupl e thegggg%ﬁggcgﬁéﬁ%&%ﬁﬂﬁ%g%ﬁgggrray of menory cells and to decouple

t he second internal power supply fromthe array of nenory cells if the
external programm ng supply voltage is at the second voltage |level, and for
controlling '

(



the second and fourth switches to decouple the second conductor to the
array of nenory cells and to couple the second internal power supply from

the array ofwowgmiegzcells if the external progranmm ng supply poTAR?I3RSS

| ess than the second voltage |evel. 6. An integrated circuit conprising:
an array of nmenory cells; a conductor coupled to an external supply

vol t age; a voltage ranp detector circuit coupled to the first

conductor for outputting a signal indicating when the external supply
vol t age exceeds a ranp vol tage; an iqggrnal power -supply operative

to output an internal supply voltage;

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way, of example and not |
limitation in the figures of the accompanying drawings, in which like

references indicate similar elements, and in which:

FIGURE 1 shows a cbmputer system that includes one or more

components having novel circuitry.

FIGURE 2 shows a flash EEPROM that includes novel circuitry.
FIGURES 3A and 3B show smart voltage cxrcuxtry of the flash

EEPROM according to different embodiments.
FIGURE 4 shows a latch mode VCC detector.

FIGURE 5 shows the behavior of the latch mode VCC detector.
FIGURE 6 shows a continuous mode VCC detector.
FIGURE 7 shows the behavior of the continuous mode VCC

detector.

FIGURE 8 shows a VCC detector capable of operatmg in both the

latch mode and the continuous mode.

FIGURE 9 shows a drain bias control circuit for the VCC detector in

more detail.

FIGURE 10 shows a clocked voltage detector circuit.
FIGURE 11 shows one 5/12v VPP level detector circuit.
FIGURE 12 shows a second 5/12v VPP level detector circuit.
FIGURES 13A and 13B show internal power supplies according to

different embodiments.

FIGURE 14 shows an internal power supply as mcludmg

regulation circuitry and a charge pump.

FIGURE 15 shows a charge pump in more detail.

FIGURE 16 shows clock signals that may be provided to the charge

pump of FIGURE 15.

FIGURE 17 shows the internal power supplies wherein three

charge pump circuits share the same charge pump.



a first switch coupl ed between the first conductor and the array of nenory
cells; a second switch coupled between the first internal supply and
the arraywofosnsesery cells; and a control circuit couplpedmuses/iizes
switches, the control circuit for switching on a one of the first and
second switches in response to the voltage | evel of the external operating.
supply voltage, wherein the control circuit causes the first switch to
initially couple the first internal supply to the array of menory cells
until the external operating supply voltgge exceeds the ranp voltage, and
wherein the control circuit thereafter selectively causes the second switch

to couple a one ext ernal operati supply vpltage and,the.internal
operating suppl yc%[&&?gﬁef&t %"9‘1‘1% ﬂﬁ F%ﬁrﬁq%%wgf§XBBﬁ%“&Wr?@sms@¥3e a

vol tage | evgpump difenitssleredhesame shargetpagap. 7. The integrated circuit®
of claim®6 furt ligShq.: ] | {.CURL upled to
t he external sup%lgzI -V |1t93%{§’,% 5 %%ere%}/%%%fggﬁc‘%g{)gfé{%lgghn(acpfgéé&ﬁ{geobei ng d
operative t@wopPput a first signal indicating whether the external - supply:

vol tage exceeds FIGURB2%SMIWs tlYé’bﬁﬁﬂﬁ’oP"ﬂPn‘érﬁ 18 ?@gfeféiﬁ BRY thb' Cui t
a

switches the first smtch on and the ‘second e first signal
i ndi cates t IFFTESRENSIRE CHETENS asﬁﬁm%gﬂ pump epabledniay g -

response to a pulse generated by the pulse generator.
FIGURE 21 shows the pulse generator circuit in more detail.
FIGURE 22 shows an oscillator of the pulse generator circuit that _
uses s_ubthreshold biasing. - ‘ '
FIGURE 23A and 23B are flow charts illustrating a method of
operation for the flash EEPROM 20 that includes the smart voltage
circuitry shown in FIGURE 3A. _ -
FIGURE 24A and 24B are flow charts illustrating a method of
operation for the flash EEPROM 20 that includes the smart voltage
circuitry shown in FIGURE 3B.
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FI GURE 18 shwoefi¥o37i nt ernal power supplies wherein four char @eT/US9¥1BIES
circuits share the sane charge punp. FI GURE 19 shows the
regulation circuitry of a stand-by charge punp. FI GURE 20 shows
the output of the pul se generator and the correspondi ng current
consunption of a charge punp enabled in response to a pul se generated by
t he pul se generator. FI GURE 21 shows the pul se generator circuit
in nore detail. FI GURE 22 shows an oscillator of the pul se

generator ci rc::'l ﬁ Egig !s§€ ai!EQ greshol.d bi asi ng. FI GURE 23A
and 23B are fl : a net hod of operation for the flash
EEPROM 20 that i ncl uBigurellesliows & gemer#lgpurpose computer system 10 that includes
- : a power supply 11, a central processing unit ("CPU") 12, a main memory
13, a read only memory 14, a mass storage device 15, a frame buffer 16,
and an input device 17, all of which are coupled to a bus 19. The bus 19
includes a data bus and acts as a primary interconnect for the components
of the computer system 10 so that data may be transferred among the
various components. The computer system 10 also includes a display
device 18 that is coupled to the frame buffer 16 for receiving image data
for display. The read only memory 14 may be a flash EEPROM, and the
mass storage device may be a "solid state disk drive" that includes a
plurality of flash EEPROMs for emulatmg the operation of a magnetic
hard disk drive.
. The computer system 10 may be a portable computer, a
workstation, a minicomputer, a programmable digital assistant ("PDA"),
a mainframe, or any other type of computer, and the power requirements
of the computer system 10 are defined accordingly. For example, if the
computer system 10 is a workstation, the system operating voltage VCC
may be 5.0 volts, wherein if the computer system 10 is a portable
computer operating from a rechargeable battery, the system operating
voltage VCC may be 3.3 volts. It may also be possible that the computer
system 10 is a portable computer system that provides different operating
voltage levels depending on whether power is supphed by the
rechargeable battery or by an AC adapter.
The power supply 11 therefore includes a VCC supply output for
supplying the operating voltage VCC of the computer system 10 to the
components of the computer system via power conductors of the bus 19.
Wherein the computer system 10 is a portable computer, the power
supply 11 may be a rechargeable battery. The power supply 11 may also
- include a VPP supply output for supplying a twelve volt programming
voltage VPP to the read only memory 14 or the mass storage device 15. If



circuitry shown in FI GURE 3A FI GURE 24A and 24B are flow charts

illustrating a nethod of operation for the flash EEPROM 20 that i ncl udes
the snartwoobAsmge  circuitry shown in FI GURE 3B. V\EcPR885313335

PCT/ US95/ 13235 -7- DETAI LED
DESCRI PTI ON Figure 1 shows a general purpose conputer system 10

t hat i ncl udes a power supply 11, a central processing unit ("CPU') 12,
a mai n nmenory 13, a read only nenory 14, a nass storage device 15, a
frame buffer 16, .. and an input devicegl?7, all of which are coupled to a
bus 19. The bus 19 incI udes a data bus and acts as a primry

may be. 1 an<RE AL PR, hodbes notinude S SEREIn PP SRPU AHRLE: ey < om 10
al so i ncl ude¥PR inpapbhflash EERROMs ihtluded in ﬁle:mmpacbrtsystd‘m TOormuawy beuf fer
16 for recei éﬂlﬂﬂe& B ot dhe vee operating voltage.

The flash EEPROMs of the computer system 10 includes circuitry
that allows the flash EEPROMSs to operate when VCC is equal to 3.3 volts
or 5.0 volts and VPP is equal to 5.0 volts or 12.0 volts. Each flash
EEPROM therefore includes circuitry for detecting the supply voltages
supplied by the power supply 11, wherein each flash EEPROM configures
itself for operation in response to the detected voltages. Not all the flash
EEPROMs of the computer system 10 need to include sut_:h circuitry. ‘ :

Figure 2 shows a flash EEPROM that includes circuitry for detecting
system supply voltages. The flash EEPROM 20 is an integrated circuit that
may be formed on a single semiconductor substrate and that typically
includes a memory cell array 21 comprising a plurality of flash memory
cells 22, each of which is a floating gate transistor device having a select
gate, a floating gate, a drain, and a source. The flash memory cells 22 of
the memory cell array 21 are arranged in a matrix of rows and columns,
wherein a common "wordline" is coupled to the select gate of each flash
memory cell of a row and a common "bitline" is coupled to the drain of

-each flash memory cell of a column. ' :

A flash memory cell 22 is programmed by placmg excess charge on
the floating gate, which increases the threshold voltage V of the flash
memory cell 22. The flash memory cell 22 may be placed in two or more
analog states that can be represented by one or more bits. Programming
may:be accomplished' by applying 12.0 volts to the gate, 6.0 volts to the
drain, and grounding the source such that electrons are placed on the
floating gate by hot electron injection. The flash memory cell 22 is erased
by removing the excess charge from the floating gate, and erasure may be
accomplished by applying 12.0 volts to the source, grounding the gate,
and allowing the drain to float such that electrons are removed from the
floating gate via electron tunneling. It is possible to erase several flash



for display. The read only nenory 14 may be a flash EEPROM and the
mass storage device may be a "solid state disk drive" that includes a
plurality ofwidesa303zEPROVE. for enul ating the operation of a nROTAISY8/13235

hard di sk drive. The conputer system 10 may be a portabl e
conputer, a wor kst ation, a mniconputer, a progranmable digital

assi stant ("PDA"), a mai nfranme, or any other type of conputer, and the
power requirenents of the computer system 10 are defined accordingly.
For exanple, if the conputer system 10 ig a workstation, the system
operating voltage VCC =~ may be 5.0 volts, wherein if the conputer system

10 is a portable ut er erating f a rechargeabl e batter
syst.em oper at i nglemorx,ggﬁ%lagng@%\ lﬁ'ea%é gﬁ]gappgathq %ﬁﬁaﬂ?gcfeﬁg %J@Fbl e
t hat the conput atemory ¢§ks¢ similtancouslyds kabwen asrzp'thleck eyasee’'m t hat provi des

different operating %é/t%%\g,g?ghﬁéﬁ%ﬁﬁeﬁg&gy an \QQ‘?&E% IRQWE‘ erhsbd

suppl i ed by the rec y~ or
power supply 11stateoefnacprogranared statE@ constant 43& 1qupphed tosthepvejeatg

the operating vg E@Sﬁtﬁ@ﬁaﬁ{ nﬁé}ﬁo !’ttsrseﬁé’éﬂ?érhﬂﬂ%um dfhﬁmn-so&%w}?éms
of the conmputer Sy?qt»requ power n uctors Wherein the
st

conput er syst entBD$ ReRoryoeRiLi2%r ; “Flhé rﬁé eraﬂ%myell may be a
rechargeabl e bahé®miip hallraib \sppl avbltsrfaythalg&ee, oundn{%J/fhe souree, aubpl y

out it or sunpLt g 0SB B8 Wy end, S s Wi "o
operations on a selected set of flash memory cells, the flash EEPROM 20
includes wordline switches and decoders 23, source switches and decoders
24, and bitline switches and decoders 25, all of which are controlled by the
control engine 26 to select the desired flash memory cells and to apply the
appropriate voltages to the selected flash memory cells. The smart
voltage circuitry 27 is coupled to the VCC and VPP input pins of the flash
EEPROM 20 and is used to supply the required voltages to the wordline
switches and decoders 23, the source switches and decoders 24, and the

bitline switches and decoders 25 in response to the detected supply levels
and the mode of operation for the flash EEPROM 20.

: The smart voltage circuitry 27 includes internal power supplies
(shown in Figures 3A and 3B) that may be selected to supply the necessary
voltages for operating the flash EEPROM if the external supply levels are
determined to be less than the required values for programming, erasing,
or reading the memory cell array 21. For example, an internal power
supply may be enabled to supply a 5.0 volt output if the external
‘operating supply voltage VCC is detected to be at 3.3 volts, but if the
external operating supply voltage VCC is detected to be at 5.0 volts, the
internal power supply is disabled and the external operating supply
voltage VCC is delivered to the memory cell array 21. Similarly, an
internal power supply may be enabled during programming and erase
operations to supply a 12.0 volt output if the external programming
supply voltage VPP is detected to be at 5.0 volts, but if the external

The



WO 96/ 13037

PCT/ US95/ 13235

power supwowesii3exioes not include a separate VPP supply out parmusobres23s
i nput of flash EEPROVsE included in the conmputer system 10 may be

coupled to receive the VCC operating- voltage.

of the conmputer system 10 includes circuitry that allows the fl ash
EEPROVE to operate when VCC is equal to 3.3 volts - or 5.0 volts and VPP

is equal to

includes circuitry for detecting the supply voltages

5.0 volts or 12.0 volts. Each,flash - EEPROM t her ef ore

power supply 11, wherein egch fl as P conf i gures i tsel f for
operation i rpmwﬁ%’é‘&%ll?ﬁx %ﬁ%@[\éﬁlﬁ \}%Rgg%&c{ tq\g?-aéll?-ot‘f&usf%h
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'20 to provide the voltages required for programming and erasing, and an
external charge pump circuit is not required.. Alternatively, wherein
memory performance is at a premium, the system designer can use a
power supply or external charge pump circuit to provide the
programming and erase voltages. .

The smart voltage circuitry 27 may find application for many
different types of integrated circuits and more particularly memory
devices.  For example, the smart voltage circuitry described herein may be
used in dynamic random access memories: (DRAMs), erasable
programmable read only memories (EPROMSs), and electrically erasable
programmable read only memories (E2PROMs). The smart voltage
circuitry 27 may also be used to detect and select the voltages for the
different modules of a multi-chip module. The internal power supplies
may be provided as one module, and the voltage detection and selection

circuitry may be provided as a second module. The voltage detection and

selection circuitry can be used to detect the external power supply
voltages and selectively enable the appropriate outputs of the internal
power supplies, if necessary. :

"The flash EEPROM 20 has three modes of operation, including an
active mode, a stand-by mode, and a deep power down mode. The stand-
by and deep power down modes are both reduced power modes. To
define the mode of operation of the flash EEPROM 20, the control engine
26 receives the control signals chip enable CE, output enable OE, write
enable WE, and power down PWD. Chip enable signal CE is the power



wherein a comon "wordline" is coupled to the select gate of each flash
menory cell of a row and a common "bitline" is coupled to the drain of

each flash weowsrgeszel | of a col um. A fl ash nenory REUSI223235
programed by pl aci ng excess--charge on the floati-ng gate, which

i ncreases the threshold voltage Vt of the flash menory cell 22. The
flash menory cell 22 may be placed in two or nore anal og states that can
be represented by one or nore bits. Progranm ng may be acconplished by
applying 12.0 volts to the gate, 6.0 volts.{j0 the drain, and groundi ng

t he source such that electrons are placed on the floating gate by hot

excess char o (PBicl add s %?Prfé;%‘%c “Gierien ol AR BEPROMATIY, 0%y
appl yi ng 12.0 wsitput enablecsignalr OF isgheowipny comaolfordlash EBRROM 26vindhist he
drain to float @H&ﬁo%ﬂé d‘i'tfﬁ‘d’n?rt‘ﬁe anpﬁtgﬁRx‘é%ﬁlrmﬁﬁtP?oM'maHbﬁene%he

via el ectron tunn rase s %ﬁt 6$h
96/ 13037 evice se ect1on Bot of the control signals Espstbeat 83235
-9- . logic low level to obtain data at the outputs of flash EEPROM 20. The

write enable signal WE allows. writes to control engine 26 while the chip
enable signal CE is active low. Addresses and data are latched on the
rising edge of the write enable signal WE.

The flash EEPROM 20 is in the active mode of operation when
both control signals CE and OE are at a logic low level and PWD is ata
logic high level. When both the chip enable signal CE and the power
down signal PWD are logic high, the flash EEPROM 20 enters the stand-
by mode. The power down signal PWD causes the flash EEPROM 20 to
enter the deep power down mode when the power down signal PWD is
at a logic low level.

For the active mode of operation, the flash EEPROM 20 may draw
-sufficient power from the power supply 11 to perform read, program, and
erase operations. For the stand-by mode of operation, the flash EEPROM

20 is prevented from performing any operations on the memory cell
array 21, and the amount of power that the flash EEPROM 20 may
consume is reduced. For the deep power down mode of operation, all
memory cell array operations are disabled and the amount of power that
the flash EEPROM 20 may consume is less than that of the stand-by
mode. For example, the flash EEPROM 20 may consume 100
microamperes of current while in the stand-by mode and only two
microamperes of current while in the deep power down mode. For prior
flash EEPROMs that do not include internal power supplies, the deep
power down mode results in the disabling of all the circuits of the flash
EEPROM. _

When the flash EEPROM 20 transitions from either the stand-by
mode or the deep power down mode to the active mode, it is desirable for

SN



menory cells sinultaneously, and the operation of erasing several flash

menory cells sinultaneously is known as a "bl ock erase.” To
det er m newoloehFay the flash nenory cell 22 is in the erasegcriuso®izase or in
a programred state, a constant voltage is applied to the sel ect gate of

the flash nenory cell to sense the anount of drain-source current

I[err] for the flash nmenory cell 22. Such a read operation nay be
acconpl i shed by applying 5.0 volts to the gate, grounding the source, and
applying 1.0 volt to the drain. To performread, program and erase
operations on a selected set of flash nenory cells, the flash EEPROM 20

20, and bi | IRAIRsH FISHRATosRl s e BeAdy-A0 DEYOTRY 10 A OPBTRHAIG o by
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the flash WOE&IKM i trhea anay begpaintainedsi 50 volis hyother exderral supply t o t he
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for the flash EEPROM 20 is increased when the flash EEPROM transitions

from the stand-by or deep power down modes to the-active mode to

allow the wordline switches 23 to be charged to the appropriate voltage.

The wordline switches 23 are discharged due to leakage, and, given

sufficient amount of time, the wordlines switches 23may be discharged to

the value of the external supply voltage VCC. Further, wherein the

memory cell array 21 is quite large, the capacitance of the wordline

switches 23 is increased, which may result in significant voltage and

current transients internal to the flash EEPROM 20 when the flash

EEPROM 20 transitions between operating modes. Such transients must

be accounted for, which typically results in a further increase in access

time. Therefore, to decrease the amount of time required to access the

flash EEPROM 20 and to reduce internal transients, it may be desirable for

‘the-appropriate internal power supply to remain in operation during the

stand-by and deep power down modes; however, the design of the smart

voltage circuitry may be constrained by the power consumption

requirements of the flash EEPROM and by the amount of semiconductor

die space that can be provided for the smart voltage circuitry.

Figures 3A and 3B show the smart voltage circuitry 27 according to
two different embodiments.  Figure 3A shows an example of the smart




external operating supply voltage VCC is detected to be at 5.0 volts, the
I nternal power supply is disabled and the external operating supply

vol t age VCC wo waBearered to the nenory cell array 21. Sim | ar IpCInsesn323s
i nternal power supply may be enabl ed during programing and erase
operations to supply a 12.0 volt output if the external progranm ng
supply voltage VPP is detected to be at 5.0 volts, but if the external
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progranmm ng supply voltage VPP is detected to be at 12.0 volts the

Vol tage VPP 1< Helthedcuiey &9’3%&‘%&’@%@ porsigpwiched 2 Srerihaiilalad at
vol tage circuit 5y volts bythalihterhal pewe lxé§hrlﬁ!éﬁﬁ@‘ﬂash EEPR@Meoused in
comirer Y5t RS o S o VSRS TR,
the internal poweltagepgiscuitey 37a ofFigureIA EE&RlGNN a greatly reduced access time,
but may require more die space. Figure 3B shows an example of the
smart voltage circuitry 27b wherein the wordline switches 23 are
maintained at 5.0 volts by the internal power supplies during the stand-
by mode, but are maintained at the external supply voltage VCC during
the deep power down mode. The smart voltage circuitry 27b of Figure 3B
typically requires less die space than the arcuttry of F1gure 3A, but access
time may be increased.
Figure 3A shows smart voltage circuitry 27a that includes a VCC
ramp detector 30, a 3.3v/ 5v VCC level detector 35, a low VCC detector 40,
a current source 45, a pulse generator 50, a 5v/12v VPP level detector 55,
and internal power supplies 60a. The operation of the internal power
supplies 60a is determined by the mode of operation for flash EEPROM
20, the external operating supply voltage VCC, and the external
programming supply voltage VPP as detected by the VCC ramp detector
30, the 3.3v/5v VCC level detector 35, and the 5v/12v VPP level detector
55. The program and erase opérations are inhibited if a low external
supply voltage VCC level is detected by the low VCC level detector 40
while the flash EEPROM 20 is in the active mode of operation. The
current source 45 and the pulse generator 50 are included to conditionally
and periodically enable the internal power supplies 60a for charging the
wordline switches 23 to 5.0 volts while the flash EEPROM operates in
- either the stand-by or deep power down operating modes. The wordline
switches 23 are thus maintained at the requisite voltage level, but the
internal power supplies are only periodically activated such that the
power consumption of the flash EEPROM 20 may be maintained within
the limits defined for the stand-by and deep power down modes of
operation. This circuitry is described in more detail below.



20 to provide the voltages required for programm ng and erasing, and an
external charge punp circuit is not required. Alternatively, wherein
menory pewbosmasTe is at a prem um the system desi gner capCyas9si323s power
supply or external charge punp circuit to provide the progranmm ng and
erase vol t ages. The smart voltage circuitry 27 may find
application for many different types of integrated circuits and nore
particularly menory devi ces. For exanple, the smart voltage circuitry
descri bed herein may be used in dynamjg£ random access menories (DRAMs),
erasabl e programuabl e read only nenories (EPROVs), and electrically
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sel ection ciswitchesy2% for programuning operationsh TheFHVRI2 putput kne phyy
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power supplies, I'T necess

of operatiof® thﬁéPHB?%ﬁwng‘zé 24 o1 grasgOPerations. and- by node, and a deep
power down node. Figars3Bishows srhartarsltageatr r278ciivat epsieally requieés

: ey :
20, 'the conii abipopdtcion ¥ sphfe st IRE BT ERGMIE) BeutDA, oole o
out put enablSmaE voltagesircuity Abdneitdes FCCaamp detectdvdd, 33w (HeNa(d e
signal CE i JeddluetoMBE 35, a low VCC detector 40, 5v/12v VPP level detector 55, (
~ and internal power supplies 60b, which include a stand-by five-volt
internal supply (shown in Figure 13B) that is used to charge the wordline
switches 23 to 5.0 volts if the external supply voltage VCC is not 5.0 volts,
and if the flash EEPROM 20 is operating in the stand-by mode. The stand-
by five-volt internal supply is smaller than the five-volt internal supply
- used during read operations such that power consumption may be
maintained within the limits of the stand-by operating mode. The
wordline switches 23 are charged to the external supply voltage VCC
during deep power down mode, regardless of whether or not external
VCC is equal to 5.0 volts. As shown, the same circuitry that is used as a
VCC ramp detector 30 may be used as a low VCC detector 40 to further
reduce the amount of semiconductor die space required for the smart
voltage circuitry 27b. SR
The basic operation of the smart voltage circuitry 27a shown in
Figure 3A will now be discussed. The VCC ramp detector 30 is provided
to enable the internal power supplies 60a and to initialize the 3.3v/5v
~ VCC level detector 35, the current source 45, and the pulse generator 50
when power is first applied to the flash EEPROM 20. The precise
operation of VCC ramp detector 30 depends on the mode of operation for
the flash EEPROM 20 when power is first applied.
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-11- control and is used for device selection of the flash EEPROM 20.
The out i 9gwebt e signal OE is the output control for fl aptr/EEd3RGRds20
and is used to gate data fromthe output pins fromflash EEPROM 20,
dependent on device selection. Both of the control signals CE and OE
must be at a |l ogic low |l evel to obtain data at the outputs of flash
EEPROM 20. The wite enable signal WE allows wites to control engine
26 while the chip enabl e signal CE is agtive |low Addresses and data
are latched on the rising edge of the wite enable signal WE

The flash EEPROM 20 .S in e,active er.ation when oth
control signals CE mu@%&eshgw%a n?‘é’g ‘E‘HV\?H’ EPnafHH the\pmagt gpptage
| ogi ¢ hi gh | eveircuithy27hghbwirhin Figwe%b&}ﬁerstWSIGEHRd)MfﬁD BopErating

S;’““mz'eg“%e%%%@‘? Ao o 8 AR TR & SO B,
the deep power isifingt Wedﬁerthlerfhsb(ﬂﬂm@b{vﬂos iAfrprocessiblogk 2405,4he ¥ TQgi ¢
low level . ramp detector 30 responds to power-up by enabling the internal power
supplies 60a to charge the wordline switches 23, by initializing the
3.3v/5v VCC level detector 35 to indicate a 3.3 volt external VCC, and by
initializing the current source 45 and the pulse generator 50.

The VCC ramp detector 30 outputs a control signal HDRMVCD to
the 3.3V /5V VCC level detector 35, the current source 45, the pulse
generator 50, and the internal power supplies 60a. When the operating
supply voltage VCC is less than a trip-point voltage Virip of the VCC
ramp detector 30, the signal HDRMVCD tracks the external supply
voltage VCC as it ramps from zero volts to its final value, and the
appropriate circuitry is enabled or disabled.

At process block 2410, the supply voltage exceeds the trip-point
voltage Vmp, which may be 2.7 volts or 2.9 volts, and the control signal
HDRMYVCD goes low. The VCC ramp detector 30 is switched off to
reduce the power consumption of smart voltage circuitry 27a. In
response to the control signal HDRMVCD going low, the 3.3v/5v VCC
level detector 35 and the internal power supplies 60a are disabled, and the
pulse generator 50 is enabled. The pulse generator 50 periodically
supplies a logic high control pulse to the internal power supplies 60a and -
the 3.3v/5v VCC level detector 35 via the HDOUT signal line. The
current source 45 is included to provide biasing currents PBIAS and
NBIAS to the oscillators (as shown in Figure 22) of the pulse generator 50.

At process block 2415, a control pulse is received by the internal
power supplies 60a and the 3.3v/5v VCC level detector 35. The internal
power supplies 60a are enabled for the duration of each control pulse so
that the voltage of the wordline switches 23 may be maintained at 5.0
volts. The 3.3v/5v VCC level detector 35, which is coupled to receive the




For the active node of operation, the flash EEPROM 20 may draw
sufficient power fromthe power supply 11 to performread, program and
erase opwWmed/B3037. For the stand-by node of operation, the FCEHEHSEEBROM

20 is prevented from perform ng any operations on the nenory cell array
21, and the amobunt of power that the flash EEPROM 20 may consumne is
reduced. For the deep power down nobde of operation, all menory cel l
array operations are disabled and the anmount of power that the flash
EEPROM 20 may consune is |ess than that_@f the stand-by mode. For
exanple, the flash EEPROM 20 nmay consune 100 m'croarrperes of current

't he decpSHTER SRR AIEERE,fs B enatidtl G BERFuGRch of e, 71, " ©

i ncl ude i nt contxbl pulse: Acmndmg to tone embpdxmentpamx noicvwsecond pwlselis s i n
t he di sabli Eggg%?q%{ té};\e hf‘illfgec&ﬁ fI ash EEPROM When .
t t i ons -

the flash E rans rom e| er t he st-and- by mode or the

deep power down ABES-3%/ Ih&Cledeval detertor 35 quiputssa F%V@l signal IDSV tgp |
96/ 13037 indicate the detected value of the external supply voltage VCC. PA$/ US95/ 13235

described above, the control signal ID5V is initialized during power-up of
the flash EEPROM 20 to a logic low level for indicating that external VCC.
is not five volts. If the external suppl-y voltage VCC is greater than a trip-
point voltage V3,5 for the 3.3v/5v VCC level detector 35 while the

3.3v/5v VCC level detector 35 enabled, the ID5V signal is set to a logic ‘ '
high level. '

At process block 2420, if the external supply voltage VCCis detected
as not being equal to five volts, the internal power supplies 60a are
allowed to charge the wordline switches 23 at process block 2425. If the
external supply voltage VCC is equal to five volts, the 3.3v/5v VCC level
detector 35 sets control signal ID5V logic high, which disables the internal
power supplies 60a and enables external VCC to charge the wordline
switches 23 at process block 2430. The high value of the control signal
ID5V is latched. The current control pulse ends at process block 2435.
Process blocks 2415-2435 are repeated for each control pulse received from
the pulse generator 50. If external VCC was detected as being at five volts
during a previous control pulse, and external VCC is detected as being 3.3 -
volts during the current control pulse, the internal charge pumps are
enabled at process block 2425. The process shown in Figure 23A may be
repeated each time the flash EEPROM 20 is powered up in the stand-by or
deep power down modes.

Figure 23B shows a method of operation for the smart voltage
circuitry 27a shown in Figure 3A when the flash EEPROM 20 is operating
in the active mode. At process block 2450, power is initially supplied to
the flash EEPROM 20. At process block 2455, wherein external VCC is less
than the trip-point voltage Virip of the VCC ramp detector 30, the



-12- the flash nenory cell array 21 be ready to performfor read

oper ati ons, whi ch neans that the wordline switches 23 should be charged
to 5.0 VWit 9s/13037 t he detected external supply voltage VCCRCINSIS320$t S,
t he wordline switches nmay be maintained at 5.0 volts by the external
supply vol tage VCC during the stand-by and deep power down nodes

t hr ough the use of a sinple pull-up device, which may be a transistor
or a resistor. If the detected external supply voltage is VCC 3.3
volts, an internal power supply may be ysed to charge the wordline
switches 23 to 5.0 volts. If the external supply voltage VCC is

equal to 3.3 volts d the 8 r ,supplies areoi; enab&ledto
charge wordline! Iyﬁmagﬁé%w%supp l%g ’I‘%@Eﬂ 8 f\(% fe
active node, th23atheck8vy5wiVCC lefeirdété&of Bﬂahnﬁﬁﬁm 20 mehcafeca 8dseolt when
the flash EEPROA% e own nodes
to tthe active &E{“&SV&@QF[F curx{e&né%\%%% ??\éﬂg\% ?é}lﬁge ggﬁ%}gf’% arged to
the appropri at einitialized, and &Gmwﬁdmmwmt%5ﬂ/&\d3@(?n&wgbd due to
| eakage, and, gigégdtor 55 s dnigbigdt anmount of time, the wordlines swtches
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ST RGP i HCTAAE R The lsw%ds skt modes.
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a getector 40 sets the control signal PHLOWVCC to a logic high level such
that the control engine 26 prevents programming and erase operations
for the memory cell array 21. The low VCC detector 40 simultaneously
sets the control signal PDPWR2 to a high level to reset the control engine
26. The low VCC detector 32 may be designed in accordance with the
teachings of U.S. Patent No. 5,301,161, entitled Circuitry for Power Supply
Voltage Detection and System Lockout for a Nonvolatile Memory, issued
of Marc Landgraf et al., and commonly assigned to Intel Corporation of
Santa Clara, California. Alternatively, as will be described with respect to
Figure 3B, the VCC ramp detector 30 can be configured to operate as the
low VCC detector after power-up of the flash EEPROM 20.
The 5v/12v VPP level detector 55 is coupled to the programming
supply voltage VPP for determining whether VPP is 5.0 volts or 12.0
volts. The 5v/12v VPP level detector 55 outputs a control signal PD5VPP
to the internal power supplies 60a and the control engine 26. The control
signal PD5VPP is initially high to indicate a five volt VPP level. The
internal power supplies 60 use the control signal PD5VPP to select either
the external VPP or the internal supplies during programming and erase
operations. The control engine 26 may use the control signal PD5VPP to
select the appropriate programming and erase algorithms. The 5v/12v
VPP level detector 55 may be disabled during stand-by and deep power




flash EEPROM 20 and to reduce internal transients, it may be desirable for
the appropriate internal power supply to remain in operation during the

st and- by wones/rdexp power down nodes; however, the design of PCTrosesnma2is
voltage circuitry may be constrai ned by the power consunption

requi renents of the flash EEPROM and by the anount of sem conductor o die
space that can be provided for the smart voltage circuitry. : :

Fi gures 3A and 3B show the snmart voltage circuitry 27 according to t wo
different enbodi ments. Figure 3A shows gp. exanple of the smart WO
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vt ai ned GOWAPEo S Fedudd d BN Zohaimiiah bE e HbEl GRge TS 11 aon
EEPROM 20 |su'cu1tr)oaéaat| ng i.n both the stand-by and deep power down nodes.
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reduced access tine nor e uré 3B shows an
exanpl e of eXeeeds: the trip-point voltage trip- All circuits remam enabled and the

pulse generated by the pulse generator is locked out. The remaining
process blocks of Figure 23B may occur in a different order than shown,
depending on the type of access requested while the flash EEPROM 20 is
in the active mode.

The 3.3v/5v VCC level detector 35 remains ‘enabled after the
external voltage VCC exceeds the trip-point voltage Vyip of the VCC (
ramp detector. If the 3.3v/5v VCC level detector 35 continues to indicate
that external VCC is not equal to five volts at process block 2465, the
internal supplies 60a are selected to charge the wordline switches 23 to
five volts at process block 2470. If the 3.3v/5v VCC level detector 35
indicates that external VCC is equal to five volts at process block 2465, the
external supply voltage VCC is selected to charge the wordline switches
23 to five volts at process block 2475.

At process block 2480, it is determined if the external supply

- voltage VPP is equal to twelve volts. If external VPP is not twelve volts,
the internal power supplies 60a are selected to provide the programming
and erase voltages at process block 2485. If external VPP is twelve volts,
the external supply voltage VPP is selected to provide the voltages for
program and erase operations at process block 2490. The process ends at
process block 2495. The process of Figure 23B may be repeated each time

. the:flash EEPROM 20 is powered up in the active mode.

The operation of the smart voltage circuitry 27b shown in Figure
3B is now discussed with reference to Figures 24A-24B. Figure 24A shows
the operation of the smart voltage 27b when the flash EEPROM 20 is
powered up while operating in the deep power down mode. Power is
supplied at process block 2500. At process block 2505, the 3.3v/5v VCC
level detector is initialized to indicate a 3.3 volt external VCC. When



smart voltage circuitry 27b wherein the wordline switches 23 are

mai ntained at 5.0 volts by the internal power supplies during the stand-
by. node, butW@P&13aT nt ai ned at the external supply voltage VOXCHUBINIF2S
t he deep power down node. The smart voltage circuitry 27b of Figure 3B
typically requires |l ess die space than the circuitry of Figure 3A but

access time may be increased. Fi gure 3A shows smart vol tage
circuitry 27a that includes.a VCC ranp detector 30, a 3.3v/5v VCC | evel
detector 35, a |l ow VCC detector 40, a cw-rent source 45, a pul se
generator 50, a 5v/12v VPP | evel detector 55, and internal power
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and erase oper Tocess ends, a1, Prorgss |\tPext er nal suppl y vol tage VCC
level is detected byFighee R4B/stOWs & methodt afcoperation for thérsirart eltagesh
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circuitry is descri bdtiprocessblo | theesupply voltage exceeds the trip-point
| voltage Virip. The internal five-volt power supply is disabled, and the
internal stand-by power supply is enabled. The 3.3v/5v VCC level
detector 35 remains enabled. The 3.3v/5v VCC level detector 35
continuously monitors external VCC at process block 2535 If external
- VCC is equal to 5.0 volts, the 3.3v/5v VCC level detector 35 sets the
control signal ID5V logic high, which disables the internal stand-by
power supply such that the wordline switches are charged by the external
supply voltage VCC. The operation of the smart voltage circuitry 27b
when powered up in the active mode is similar to that shown in Figure
23B. '

The smart voltage circuitry 27 of the flash EEPROM 20 allows the
same flash EEPROM 20.to be used in computer systems that provide
different operating and programming voltages. The smart voltage
circuitry 27 may be adapted to detect and select different supply voltages
than those described above; however, the goals of compatibility and
versatility should be weighed against the need for low power =
consumption and the desire for increased density for the memory cell
array 21. Accordingly, each component of smart voltage circuitry 27
should be designed to consume reduced power and to require reduced die
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The i nt erwpelos/pawaer suppl i es 60a include three output |inespcTirsesi32issPX
output line nmay be coupled to the wordline switches 23 for read
operations. The HHVPLL output l.ine may be coupled to the bitline
switches 25 for programm ng operations. The HHVP12 out put |ine may be
coupled to the wordline switches 23 for programm ng operations and to
the source switches 24 for erase operatigs. Fi gure 3B shows
smart voltage circuitry 27b that typically requires - |less sem conductor

die space than the circ |tr shown | ure 3A. Smart, volla circuitry
27b i ncl udeSPREE POMF Hg %‘F‘PQHe %‘5*/’19&\/5% VOIthE\QTCLHEﬂ’eﬁ }ﬁﬁg@wa | ow
VCC det ect orbeddisclissedidn grelter eletdil.det ect or 55, and.internal power

supplies 60 tand-by five-volt ° internal supply (shown
in Figure 1 char%ethe wor dl i ne swtches 23 to 5.0

volts if the extcFheaVCGlupamp detectogs0veitl nownbe discussed irs more detail.
Figure 4 shows a latch mode VCC ramp detector 30 that is capable of being

in either an "untripped state," wherein the externally provided operating
supply voltage VCC is less than the trip-point voltage Virip, or a "tripped
state,” wherein the external supply voltage VCC is greater than the trip-

- point voltage Vyip. The VCC ramp detector 30 shown in Figure 4 is said _
to be a "latch mode" VCC ramp detector because it is disabled once it ‘
enters the tripped state. Little or no current is consumed by the latch |
mode VCC ramp detector 30 while it is in the tripped state. For one
‘embodiment of the flash EEPROM 20, the latch mode VCC ramp detector
30 is designed to operate only at initial power up of the flash EEPROM 20.
The VCC ramp detector of Figure 4 may be used in the smart voltage
circuitry 27a of Figure 3A.

The VCC ramp detector 30 is shown as including a flash cell 65, an
n-channel field effect transistor ("FET") 70 having its source coupled to
the drain of the flash cell 65, a p-channel FET 75 having its drain coupled
to the drain of FET 70 and its source coupled to external VCC, and an
output circuit 85 having its input connected to the node 80 defined by the
drain of FET 70 and the drain of FET 75. The output circuit 85 may
include a first inverter 86 having its input connected to node 80 and its
output coupled to the input of a second inverter 87, which outputs the
‘control signal HDRMVCD. The output of inverter 86 may be fed back to
the gate of FET 75. The inverters 86 and 87 are powered by the input
voltage, which, for this example, is the external supply voltage VCC. The
latch mode VCC ramp detector 30 also includes a start-up circuit 90 for
initially biasing the node 80 and a drain bias control circuit 100 for
providing a biasing voltage VDBIAS to FET 70.



and if the flash EEPROM 20 is operating in the stand-by. node. The stand-
by five-volt internal supply is smaller than the five-volt internal supply

used duri ng. woagnsdder ati ons such that power consunption nmay becrrusesizais
mai ntained within the limts of the stand-by operating node. The

wordline switches 23 are charged to the external supply voltage VCC
during deep power down node, regardl ess of whether or not external VCC
is equal to 5.0 volts. As shown, the same circuitry that is used as a

VCC ranp detector 30 may be used as a | ow VCC detector 40 to further
reduce the anmount of seniconductor die spacé'required for the smart
voltage circuitry 27p. The basic operation of the smart voltage

circuitry 27a shown The flash celly 65 isprimyarily ssed s atransistargatherdhan@sranp

detector 30 is Riepvdieelemerito Butalise tﬁ@ﬁxﬂeahsrmabltagéﬂaf tﬁél HAsh Q:éll(ﬁsacllagﬂd t 3
ource an

e pul se_ gener B SRS the {iEpaiBtepltRgs Nmn ol b5 1#iEh SRRSERLCE AN eeprow
20. The preci sedetectpre3tammiayrbeahef byoprogrtamenings the(flashpeeibito differbat Wpde of
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memory cell, including an EPROM or EEPROM memory cell. Wherein a
standard FET may be used in place of the flash cell 65, the flash cell 65 is
advantageous because it may be programmed to account for process
variations. '
When the computer system 10 is initially switched on, the external
supply voltage VCC begins to ramp from zero volts to the final VCC
value, which may be either 3.3 volts or 5.0 volts. The start-up circuit 90 is
coupled to VCC for initially biasing the node 80 so that the output circuit
85 ramps up with the external supply voltage VCC. For example, the
start-up circuit 90 may be configured to output the external VCC until
VCC has reached a predetermined voltage level such as 1.5 volts, which
causes the output of inverter 86 to go to system ground VSS. The start-up
circuit 90 is then switched off and node 80 continues to be puilled up
towards the external supply voltage VCC by FET 75, which is switched on
in response to the output of the inverter 86 going to system ground VSS.
The control signal HDRMVCD output by the output circuit 85 tracks
voltage at node 80. The latch mode VCC ramp detector 30 enters the
untripped state when FET 75 is switched on.
FET 70 is a device that biases the drain of flash cell 65 so that flash
cell 65 is prevented from being accidentally programmed. The drain bias
control circuit 100 supplies the bias voltage VDBIAS to the gate of FET 70
to bias FET 70 such that the drain of flash cell 65 does not exceed 1.5 volts.
Wherein another type of nonvolatile memory cell is used in place of the
flash cell 65, FET 70 may not be requn'ed :
As shown, the external operating supply voltage VCC is applied to
the gate of flash cell 65, which is programmed to have a threshold voltage




-15- Fi gure 23A shows a nethod of operation for the snart
vol t age circuitry 27a shown in Figure 3A when the flash EEPROM 20 i s
oper at i NVO 96/1303T he deep power down or stand-by nodes. At PCDUSSRI3RISOCk

2400, power is first supplied to the flash EEPROM 20. At process bl ock
2405, the VCC ranp detector 30 responds to power-up by enabling the -

I nternal power supplies 60a to charge the wordline sw tches 23, by
initializing the 3.3v/5v VCC | evel detector 35 to indicate a 3.3 volt
external VCC, and by initializing thegsurrent source 45 and the pul se
‘gener ator 50. : The VCC ranp detector 30 outputs a control signal

HDRWCD t o 3Y/5V. VCC, | ev ector .35  the c source 45, the
pul se gend r%ﬁgfegot atﬁﬁ’ “PRINt, Git@rg‘ﬁ, Fhes{%f)tf F&Aj @& VHER t he
operating deseqipt gircuittdmw W@G:lessrddevaluehahcwrdm gtponeemidiaymt) err] of

voi tage voche EipBEEtJaldte Vi & ial 459G ooy Uy e BhEERR surply.

appropr i at e Voltaggi Yy of the 8ashyrell inpregraamyned such that the valtage at nedeb| ock
2410, the SBDﬁk)deVé&é&ﬁEa RS Wien! fhiefexi@inal sup 20_{'6_1@% M@efs thahi ch

may be 2.7 yalts .or nd th ol ..s I CD goes | ow.
The VCC rarr%"l 3pl%ec¥tm E‘Eq?é‘a Eﬁ‘??{;ﬁ{‘ ell; d'ﬁ&émgﬁ #. consunpti on
aBR i/kr%r:) t vopraggsswarmndnsymm dévices of ﬂ&phtdextﬁadd V€Ctrmhdcrlete¢tgnab I
goi Biga na
power suppli es’L Ega are %A%E%df{%m ge{hedQ th%hg ?g Fi%%é efiabl ed.
The pul se g&may ke progrmmedody ggpl}gmg the appropnate voltages to flash cell, as
shown in Figure 2. ‘

When the gate-to-source voltage Vgs of the flash cell 65, which is
equal to VCC-VSS, exceeds the threshold voltage Vi of the flash cell 65,
the flash cell 65 turns on such that a drain-source current I4s flows

- through the flash cell 65, pulling the node 80 down towards system
ground VSS. When the volfage at node 80 is pulled sufficiently low, the
inverter 86 outputs the current value of the external supply voltage VCC,
which switches FET 75 off so that no DC current flows from VCC to |
ground. The control signal HDRMVCD is set to system ground VSS. The
latch mode VCC ramp detector 30 enters the tripped state when the FET
75 is switched off, and the latch mode VCC ramp detector 30 will not
return to the untripped state until external VCC goes to zero or the VCC
ramp detector 30 is reset by external logic.

Figure 5 shows waveforms that describe the operation of the VCC
ramp detector shown in Figure 4. Waveform 91 shows the behavior of
the external operating supply voltage VCC; waveform 92 shows the
voltage of the node 80; waveform 93 shows the voltage at node 88, Wthh
is defined between inverters 86 and 87; and waveform 94 shows the
voltage at the output of the VCC ramp detector 30. As shown, the output
of the output circuit 85 tracks the external supply voltage VCC until VCC
reaches the trip-point voltage Vt,ip, at which time the output of output
circuit 85 is pulled down to system ground VSS5. The.output circuit 85




supplies a logic high control pulse to the internal power supplies 60a
the 3.3v/5v VCC | evel detector 35 via the HDOUT signal line. The cur
source 45 iwologhsgsded to provide biasing currents PBIAS and pcr/dgbéi32s9 the
oscillators (as shown in Figure 22) of the pul se generator 50.

and
rent

process bl ock 2415, a control pulse is received by the internal power
supplies 60a and the 3..3v/5v VCC | evel detector 35. The internal power
supplies 60a are enabled for the duration of each control pulse so t hat

t he voltage of the wordline switches 23 may,be maintained at 5.0 vol ts.
The 3.3v/5v VCC | evel detector 35, which is ‘coupl ed to receive the - WO
96/ 13037 PCT/ US95/ 3235
- 16- ext erMay altgspatively ingude/eply the ipvester B ruch that theowtput sk

t he control HDRMNC]Bciscshdmgb @vwefoﬁmmdl ment ,

| evel dbtector 35 olBIGEA 5@@&% LR i Bigurg 4 may Batfed 0ot 55

a general purpose voltage detector that continuously monitors the value
of the externally provided operating supply voltage VCC. A VCC ramp
detector that operates in this manner is called a "continuous mode"
voltage detector. A continuous mode voltage detector may freely pass
between the tripped and untripped states in response to the mput '
voltage. :
Figure 6 shows a continuous mode voltage detector 96. The
continuous mode voltage detector 96, like the latch mode VCC ramp
detector, includes flash cell 65, FET 70, FET 75, output circuit 85, and drain
bias control circuit 100. The start-up circuit 45 is not required because a
bias signal VCBIAS is applied to the gate of the p-channel FET 75 by the
current bias circuit 95 so that the node 80 is pulled towards the supply
voltage VCC via the drain-source current of FET 75. To reduce the

- current consumed by the continuous mode VCC ramp detector, the bias

signal VCBIAS supplied by the current bias circuit 95 biases FET 75 to be a
weak pull-up device. The bias signal VCBIAS is such that the current
sourced by FET 75 is independent from the value of the external
operating supply voltage VCC. |

The control signal HDRMVCD supplied by the output circuit 85

- tracks the voltage of node 80. When the external supply voltage VCC is

less than the threshold voltage Vi of the flash cell 65, the voltage at node
80 ramps up with the external suppl'y voltage VCC. When the external
supply voltage VCC exceeds the threshold voltage V; of the flash cell 65,
the flash cell 65 is switched on such that the voltage at node 80 is pulled

~ towards ground and the output circuit 85 sets the control signal

HDRMVCD to a logic low level. Should the external supply voltage VCC
drop below the threshold voltage of the flash cell 65, the continuous
mode VCC ramp detector 30 reenters the untripped state, and

a six mcrosecond puI se



I ndicate the detected value of the external supply voltage VCC. As

descri bed above, the control signal ID5Vis initialized during power-up of
the fl asW@EB®#ROBT 20 to a |l ogic low | evel for indicating thpCTAsssaszss VCC
is not five volts. If the external supply voltage VCC is greater than a.
Ctrip- poi nt voltage V[err] for the 3.3v/5v VCC | evel detector 35 while
t he 3.3v/5v VCC | evel detector 35 enabled, the I1D5V signal is set to a
| ogi c hi gh | evel . At process bl ock 2420, if the external
supply voltage VCC is detected as not,peing equal to five volts, the

i nternal power supplies 60a are all owed to charge the vvordl I ne sw tches

five vol ts. RRRMVED S Sercte thesresentfeveLof the siRetaltpsly moliage ot sy
| ogi ¢ hi gh, meo:bnmhwhﬂ aoden¥OCrampadetectopanay tisereforedse ﬁébd aﬂd lenabl es
external VCG ‘?é‘?ﬁ@ the wordline swi tches 23 at process bl ock 2430.
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The hi gh vaI ue ‘control signal . ID5V'is latched. The current .
control pul se endigure gishomsswavetarmytimt describe the behavior of thes- 2435 are

repeat ed f orcoptiitiot8thbde \Rilia?é déreeiore dwlavefdrm lbh%h@mssﬁxéJBé‘RdﬁbP'bf 50. If
external V was detEct ed as

at, fiv l'ts a previous
control pul PBP%“WS@ gg(gswﬁ‘é?fﬁﬁﬂ?,{@ngho‘%lth§ during
the curr Elnt vtub(ragedt nodes80 in besporise todhe cap pQ}evDItB apge VO C; waveforin 03 a'él ]
process blo o e. epeat ed eac
time the fl %gﬁaéé%ﬁd&\%ég thﬁ%(\i/\%rggﬂxwud Wa‘l:eltfﬁ%elt n@%%;glgfe SIgnaLep power
down nodes. HDRMVCD optput byzbscgm;mous meode ¥CGE ramy defestorfd). the smart
voltage  oNhG&fokrins ?ﬂzaaﬁaom éH?)vF'tHk'( fhemxb Y &J‘ﬁx&dé‘§& EEB%?& s

operating i p.the tive oce Is tnitially
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VCC i s | ess point voltage Virip so that the voltage detector may be used as a low VCC
detector circuit or as VCC or VPP level detector circuit. The output circuit
85 may alternatively include only the inverter 86 such that the output
signal HDRMVCD is shown by waveform 103.

Figure 8 shows a switchable mode voltage detector 109 that can
operate in the latch mode and the continuous mode. -According to one
embodiment, the switchable mode voltage detector 109 operates as the
latch mode VCC ramp detector 30 at power-up and in the deep power
down mode. The switchable mode voltage detector 109 operates in the
continuous mode as the low VCC detector 40 after power-up while the
flash EEPROM 20 operates in the stand-by and active modes. The
switchable mode voltage detector 109 includes flash cell 65, FET 70, FET
75, output circuit 85, start-up circuit 90, current bias circuit 95, drain bias
circuit 100, p-channel FET 105, and feedback control circuit 110. The p-
channel FET 105 has its drain coupled to the source of FET 75, its source -
coupled to the operating supply voltage VCC, and its gate coupled in a
feedback configuration with the outpixt circuit 85 via feedback control
circuit 110. . -

When the flash EEPROM is initially powered-up, the feedback
control circuit 110-couples the output of the inverter 86 (as shown in




than the trip-point voltage V[err] of the VCC ranp detector 30, the
WD 96/ 13037
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i nternal power supplies 60a are enabled to charge t-he wordline sw tches

23, the 3.3v/5v VCC level detector 35 is initialized to indicate a 3.3 volt
external VCC, the current source 45 and the pul se generator 50 are
initialized, and the | ow VCC detector 40 and the 5v/12v VPP | evel

detector 55 are enabl ed. ' The | ow MEC detector 40 monitors the VCC
supply voltage to detect when the operating supply voltage VCC drops

VGC det ect of  HoFgure ) §9the gaiene! EER108 214 ip et Rp ezl b PpARdS B0t ne
control - engso ¢hatGthel dutpt ofinperteede gobs fow) switbhingt FEDI108@m. VIRe ]
e 00 VOO, SHESEHE eV o e 10 Beflale LEAGHY St sl
erase oper at i onlatch mode. Once the value of the operating supply voltage VCC exceeds
the threshold voltage V of flash cell 65, the VCC ramp detector 30 is
- placed in the tripped state where it remains until the flash EEPROM
enters the stand-by or active modes. When the flash EEPROM 20 enters
the stand-by or active modes, the feedback control circuit decouples the
output of the output circuit 85 from the gate of the FET 105 and instead
supplies a biasing voltage to the gate of FET 105 so that FET 105 is
switched on. The VCC ramp detector 30 is therefore in the continuous
mode and may be configured to act as the low VCC detector 40.
As described above, the flash EEPROM 20 is capable of operating in
the stand-by and deep power down modes, as well as in the active mode.
For the stand-by and deep power down modes, it is important to reduce
the power consumption of the continuous mode and switchable mode
voltage detectors so that the overall power consumption of the flash
EEPROM 20 remains within defined limits. One way to reduce power
consumption during the stand-by mode is to bias FET 75 to act as a weak
pull-up device having a high impedance- such that current flow is
‘reduced. For the deep power down mode, the power consumption of the
continuous mode voltage detector 96 can be reduced to zero by switching
off FET 75. The switchable mode voltage detector 109 may switch off both
FET 75 and FET 105 during the deep power down mode to reduce power
consumption. S
- Figure 9 shows a drain bias control circuit in more detail. As
shown, the biasing voltage VDBIAS is derived from the operating supply
“voltage VCC to control the drain voltage Vdrain at the drain of the flash
- cell 65. The drain voltage Vgrain of the flash cell 65 may be expressed by
the following equation: '
Vinin = VDBIAS — Vi,



for the nenory cell array 21. The | ow VCC detector 40 si mul t aneousl y
sets the control signal PDPWR2 to a high level to reset the control engine

26. The |wygyogfgsesslet ector 32 may be designed in accordance wcirhusb$£323s

teachings of U S. Patent No.. 5,301,161, entitled Crcuitry for Power Supply

Vol t age Det ection and System Lockout for a Nonvolatile Menory issued of

Marc Landgraf et al., and commonly assigned to Intel Corporation of

Santa Clara, California. Alternatively, as will be described with respect

to Figure 3B, the VCC ranp detector _ can be configured to operate as
t he | ow VCC detector after power-up of the flash EEPROM 20.

Vot age VP WheTe At iR eSol: valrags of B 2o, The BAsHE yoltageol o The
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i nternal powupply vpltage el thecowtputrofitheidgain biapsoperal sircuiteld0. ei t her
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operations. The ontro ngi ne my usé the control nal Pto

sel ect the &¥hdbat %%wmﬁgnamtagpa‘émm &dﬁ?ﬁﬂ?ﬁi‘ ?15h\€° I,/ 12v  vPP
| evel deteciregardlessiof fife valualifatiedip-paintiviltige)Vafd Onevflashveel] 65 WO

96/ 13037 switches on, which occurs when the external supply voltage VC %;/ce% 5/ 13235
the trip-point voltage of the VCC ramp detector 30, the drain voltage
Vdrain is pulled to ground. Therefore, the maximum drain voltage ‘
occurs when VCC is equal to the trip-point voltage Virip. As the trip-
point voltage increases, more diode-connected FETs may be connected in
series as shown in Figure 9 to reduce the value of VDBIAS such that the
drain voltage Vgrain does not exceed the predefined maximum drain
voltage. - '

Figure 10 shows a continuous mode clocked voltage detector
circuit 121 that operates similarly to the voltage detector ¢ircuits shown in
Figures 4, 6, and 8. The clocked voltage detector circuit 121 may be altered
to be operate in both the continuous mode and the latch mode as shown
in Figure 8. The design of the clocked voltage detector circuit 121 reflects
the fact that supply voltage levels typically do not change that rapidly.
Therefore, the clocked voltage detector circuit 121 is designed to detect the
values of both the operating supply voltage VCC and the programming
supply voltag_e VPP at different times. The clocked voltage detector
circuit. 121 includes flash cells 125 and 130, one of which is selected by the
multiplexor 135 to define the trip-point voltage Vyrip of the clocked
voltage detector circuit 121 in response to the control signal CTL, which
may be provided by the control engine 26. The threshold voltage of flash
cell 125 may be programmed such that the clocked voltage detector circuit
121 operates as the 3v/5v VCC level detector when flash cell 125 is
selected. Similarly, the threshold voltage of flash cell 130 may be




- 18- down to further reduce the power consunption of the smart voltage

circuitry 27a. Returning to Figure 23B, at process bl ock 2460,
external VGCgoog/Rgseeds the trip-point voltage Virip. Al cirmegtsesngssi n
enabl ed, and the pul se generated by the pul se generator is |ocked out.
The remai ni ng process bl ocks of Figure 23B nmay occur in a different
order than shown, dependi ng on the type of access requested while the
flash EEPROM 20 i s in the active node. The 3.3v/5v VCC | eve

detector 35 remmins enabled after the exLer nal vol tage VCC exceeds the
trip-point voltage V[err] of the VCC ra#‘p detector. If the 3.3v/5v VCC
| evel detector 35 . continues_to indicat t hat external VCC |s not e uaI

to five volts Progfasemed %@c@ak%d"ﬂﬁﬁd volqagggqﬁgqtoggﬁgﬁfég SPerales as
sel ected to chgi@8vy ey WRRlldvet dewictorwher Idsh cell 130vie sedcted. aMdrieoflashs

VOC TS equal  t 8o Y adase sg B Cie otad Vollake detetor AT Blshibarki R "
vol tage VCC i stheVE&C eamipodeteatoyecitduiét and dhe hewsWCCdeeel detegt®rtaircititve vol ts
The’ext or nal - Sagier : SRR f eV ARDERS 18 By P Mol (FRERIEE '
VPP is not twe %I the internal power supplies 60a are selected to
provide the programg Qﬁxtch circuit 140 is coupled to the external supply voltages VCC

and VPP. The switch circuit 140 may include a resistive divider circuit

(not shown) to reduce the external programming supply voltage VPP to a

lower level. The control signal CTL selects one of the supply voltages to

be provided to the gates of the flash cells 125 and 130..  The clocked voltage

detector circuit 121 is clocked by a CLK signal. For the output circuit 85,

the clocked voltage detector 121 includes a two-input NAND gate 145

having one input-coupled to node 80 and the other input coupled to the

CLK signal. When the CLK signal is low, the output of the NAND gate

145 is logic high. When the CLK signal goes high, the output of the

NAND gate 145 is determined by the voltage at node 80. If the selected

supply voltage is greater than the threshold voltage of the selected flash

cell, the voltage at node 80 is set to system ground VSS-and the NAND

gate 145 outputs a logic high voltage. Otherwise, the voltage at node 80 is

high such that the NAND gate 145 outputs a logic low voltage.” One or

more latches (not shown) may be coupled to the output of the clocked

voltage detector circuit and controlled by the CLK and CTL circuits to

latch the output of the clocked voltage detector circuit 121 at the

appropriate times. These latched values may be provxded to the control

engine 26. :

5V/12V VPP DETECTOR

The 5v/12v VPP level detector 55 detects whether the

programming supply voltage VPP is equal to 5 volts or 12 volts. Figure

11 shows the 5v/12v VPP level detector 55 according to one embodiment.

The 5v/12v VPP level detector 55 includes p-channel FETs 150-153 and



and erase voltages at process block 2485. If external VPP is twelve volts,
the external supply voltage VPP is selected to provide the voltages for

progr am wobheasgIe operations at process bl ock 2490. The preaarksesegds at
process bl ock 2495. The process of Figure 23B may be repeated each tine
the flash EEPROM 20 is powered up in the active node. ~ The
operation of the smart voltage circuitry 27b shown in Figure 3B is now
di scussed with reference to Figures 24A-24B. Figure 24A shows t he
aperation of the smart voltage 27b vvherjzg_he flash EEPROM 20 i s power ed
up while operating in the deep power down node. Power is suppl i ed at

et oot or | A3BnPrahanel BEIS WAARCLI, 7easr Ag0: apdibroaer 6 Thcn vo
96/ 13037  source of FET 150 is coupled to the external supply voltage VPP,R@ #R05/ 13235
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det ect or i ds coupled to the source of FET 152, which has its drain coupled to the
source of FET 153. The drain of FET 153 is coupled to system grotnd VSS.
Each of the FETs 150-153 have their gates coupled to their drains.
The voltage at the node between the drain of FET 150 and the
-source of FET 151 is coupled to the gate of FET 155. The source of FET 155
is coupled to the external programming supply voltage VPP, and the
drain of FET 155 is coupled to a node 157. The resistor 160 is coupled . ‘
between node 157 and system ground VSS. The inverter 165 has its input
coupled to the node 157 for detecting the voltage at node 157. The
~ inverter 165 is powered on the low side by system ground VSS and on the
high side by the voltage at node 167, which is determined by the n-
channel FETs 170 and 175. -
The gate and drain of FET 170 are coupled to the programming
supply voltage VPP, and the gate and drain of FET 175 are coupled to the
external operating supply voltage VCC. The n-channel FET 175 is shown
as a "K device” that has a low threshold voltage and that can operate at
high voltages. The FETs 170 and 175 are provided to better ensure correct
operation of the 5v/12v VPP level detector 55 for the case wherein the
operating supply voltage VCC is greater than the programming supply
voltage VPP. :
The operation of the circuit shown in Figure 11 will now be
discussed with respect to the time when power is first supplied to the
flash EEPROM 20, at which time the external programming supply
voltage VPP is equal to zero volts and begins to ramp towards its final
value, which may be 5.0 volts or 12 volts. Initially, the voltage at node
157 is at system ground VSS, and the inverter 165 sets the control signal
PD5VPP at a logic high level. As the programming supply voltage VPP
‘in¢reases, the amount of drain-source current for FET 155 increases, and



di sabl ed. The wordline swtches 23 are charged to the external VCC |evel.

The process ends at process bl ock 2515. Fi gure 24B shows a net hod
of operati onwdoéridodr snmart vol t age circuitry 27b shown i npETASYSE32IS
when the flash EEPROM 20 i s operating in the stand-by node. At process
bl ock 2520, power is first supplied to the fl ash EEPROM 20. At process
bl ock 2525, the VCC ranp detector 30 responds to power-up by enabling
an internal five-volt power supply (shown in Figure 13B) to charge the
wordline switches 23 and initializing the 3.3v/5v VCC level detector 35
to indicate a 3.3 volt external VCC At process bl ock 2530, the

T va ol 1 povemads a7 beaingite bBimaled g tonards e #bal valie ol PBy T oner
supply is enablexternah¥PP B\slificiéntlyl ldigh| FET 165tazed as a Strongnpuldaipedeticed.
brocess bl ock TaESprebRe il puildguat RGN, MR e 168 i the /I
VCC | evel det ecootradsigral PRFEPP at adogiclows leyehfif thesxoltage at nodg157si ch
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swi tches are charged by the ext®ern supply v
of the smart vEATPERRMBNRGAUPP}Y ¥oltage VIPRAS A2 WdltSd up in the active node is

simlar to that showWhefeihithé'@rcuit Sdwn in Figure 11 i§euffi@ént ftt! d@@etin
circuitry 27 of,the,fl flash EEP 20 to
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agai nst the nedd draws aeonyapt DC current. Further, the resistor 160 occupies a
relatively large amount of semiconductor die space, which may affect the
density of the memory cell array 21.

Figure 12 shows the 5v/12v VPP level detector 55 according to a
second embodiment. To reduce the amount of semiconductor die space
required for the 5v/12v VPP level detector 55, the resistor 160 has been
replaced with n-channel transistors 185 and 190, which present an active
load to the drain of FET 155. The 5v/12v VPP level detector of Figure 12
is shown as including p-channel FETs 150-153, 155, 180, 200, and 215; n-

- channel FETs 185, 190, 195, 205, and 210; and inverters 220 and 225.

The FETs 150-153 are coupled as described above with respect to
Figure 11, and the gate of FET 155 is coupled to receive the voltage from
the node 156 defined between the drain of FET 150 and the source of FET
151. The source of FET 155 is coupled to the programming supply voltage
VPP, and the drain of FET 155 is coupled to the drain of FET 185, which is
a K device. FET 185 is provided to isolate FET 190 from the high voltages
that may arise at node 191, and FET 185 may not be required if the voltage
detector circuit shown in Figure 12 is used to detect lower voltages, which
may occur if the circuit were adapted to be a 3.3v/5v VCC level detector.
The gate of FET 185 is coupled to receive the voltage from the node 157
defined between the drain of FET 151 and the source of FET 152, and the




consunption and the desire for increased density for the nenory cell
array 21. Accordingly, each conponent of smart voltage circuitry 27
shoul d bewd®siignzed t o consune reduced power and to requir e porrisogshags e
WD 96/ 13037
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Sonme of the conponents of the smart voltage circuitry 27 wll now be
di scussed in greater detail. ~ VCC RAMP DETECTOR The VCC ranp
detector 30 will now be discussed in norg,detail. Figure 4 shows a |l atch
rmde VCC ranp -detector 30 that is capable of being In either an
"untripped state t he er supply

vol t age VCC ﬁoén'F%nggﬁaﬁstlﬁ Pf%i H}ﬂéébﬁf’gégq‘\fg& pﬁ'ﬁg?a‘gasgqs, pped
state, " \Ahersmurce heuple‘derd‘systanpgi’ounvlovssgnd\i @updéd to thenotlBa58r i p-

PO vl et Gl A 5 B e MOAG 4ALG,o0

A node 191 is defined between the drain of FET 155 and the drain
of 185. The voltage at node 191 drives the gates of p-channel FET 200 and
n-channel FET 205, which are coupled to operate as an inverter. The
source of FET 200 is coupled to the operating supply voltage VCC, and the
drain of FET 200 is coupled to the drain of FET 205. The node 192 defined
between the drain of FET 200 and the drain of FET 205 determines the
value of the control signal PD5VPP output by the 5v/12v VPP level . (
detector 55. The inverter 220 has its input coupled to node 192 and its
output coupled to the input of inverter 225, which outputs the control
signal PD5VPP. The FET 215 has its gate coupled to the programming
supply voltage VPP, its source coupled to the operating supply voltage
VCC, and its drain coupled to the node 192. FET 195 has its gate coupled
to node 158 and its source coupled to the drain of FET 210, which has its
source coupled to system ground VSS and its gate coupléd to the
programming supply voltage VPP. FET 195 is selected to have the same
characteristics as FET 190. _

FETs 150-153 may be identical devices each having a channel width
of five microns and a channel length of twenty microns. FETs 150-153 act
as a voltage divider and provide voltages to the gates of FETs 155 and 190
such that _the absolute value of the gate-to-source voltages Vs for both
FET 155 and FET 190 are equal. For example, the gate voltage for FET 155
is equal to three-fourths VPP such that Vgsiss is equal to negative one-
fourth VPP, and the gate voltage for FET 190 is equal to one-fourth VPP
such that Vgs19p is equal to one-fourth VPP. FETs 190 and 195 are also
identical devices having a channel width of two microns and a channel
length of thirty microns. FET 155 may actually be four identical FETs
coupled in parallel, each having a channel width of five microns and a
channel length of twenty microns. Example threshold voltages for FETs



enters the tripped state. Little or no current is consuned by the |atch
node VCC ranp detector 30 while it is in the tripped state. For one
enbodi ment ofobéesoby ash EEPROM 20, the | atch node VCC ranp deperiusysn2s3O
i's designed to operate only at initial power up of the flash EEPROM 20.
The VCC ranp detector of Figure 4 nay be used in the smart voltage

circuitry 27a of Figure 3A The VCC ranp detector 30 is shown as
including a flash cell 65, an n-channel field effect transistor ("FET")
70 having its source coupled to the draify of the flash cell 65, a

p- channel FET 75 having its drain coupled to the drain of FET 70 and its.
source coupl ed r.nal and _an 0 circuit 85 i Its
i nput connect e&ggofégjgﬁ(ﬂé‘}/ a8 f‘ﬁé@lwq*ﬁuissdpz% YPIB?qu#agbégﬁ&‘dt he
gr a! n of FET 73.0 voRr for FETS 190randi 198£5 nmay i ncl ude a fi rslt idnverter 86
aving its input co 0 e and i out put c t
I nput of a second imiﬁe%ﬂgaﬂ?/@ﬁ%oﬁ%ﬂéﬁ?ﬂgewm SHﬂpgigp‘?ﬁgﬁﬁa F:%ERM/CD '
The out put of i1R0@ssentidlly acty ase pell-dewei device for modeat9d. cFhé-&ip-poinfThe
i nverters 86 a f ' t ' this
exanple, is thgg %éégmglggﬁgéﬁsggitﬂggﬁ\%a ‘?ﬁtgy:mr ﬁ?%ﬁ?%m% / ranp
detector 30 al ¥oltageatdesde 1%k israpproximately equal tpne-halfViCa| When nedeg
the node 80 and9ai§ltnm$' | @StheQRip-pbint voltdge Vi)Y, th FETBIISSI aid ' W(Rarel asi ng
voltage VDBIAS sg ur';Fe-Ic-i, a%d the gate-source voltages and the drain-source currents of

FETs 155 and 190 are approximately equal. The trip-point voltage Vs/12

- may approximated using the following equation:

v d BusVre= By Vi
Vsm=c - ’
\[ﬁ 5 \[ﬁ 190
wherein ¢ is a constant determined by the common gate-source voltage
applied to FETs 155 and 190; V1155 is the threshold voltage for FET 155;
VT190 is the threshold voltage for FET 190; B1s5 is the beta value for FET
155; and B190 is the beta value for FET 190. For the circuit shown in
Figure 12, c is equal to four. :
The beta values for FETs 155 and 190 may be expressed by the
following equations: ‘
ﬁws = kxss'z_v'ﬁ' and

Lis

ﬁm:ki”Qﬁ’
T

wherein wjss is the channel width for FET 155, 1155 is the channel length
for FET 155, wigg is the channel width for FET 190, and l19g is the channel
length for FET 190. The trip-point voltage V5/12 may be set by varying the
threshold voltages and beta values of the FETs 155 and 190, and by
changing the gate-source voltage applied to FETs 155 and 190.

A number of the devices shown in Figure 12 are provided to
protect against the occurrence of certain conditions for the circuit. For
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The fl ashweshsésy IS primari I y used as a transistor rather POIAUS9§/53295
menory el ement. Because the threshold voltage of the flash cell 65 can

be varied, the trip-point voltage V[err] of the latch node VCC ranp
detector 30 may be varied by programmng the flash cell to different Wt

| evel s. The flash cell 65 may alternatively be any type of nonvolatile
menory cell, including an EPROM or EEP menory cell. Werein a

- standard FET may be used in place of the’flash cell 65, the flash cell 65 -

IS advant agequs because It y be, progra d to account for process
vari ati ons. exagnple, it isyynde lgg’r’('ﬂlﬂ 1%@5‘! ETEE’LBt 78 intermegiiatg waliagened on,
]Ehe lex{/ ?:2: nalbecaulséitﬁlflévl\'hkr\ﬂdﬂﬁ b&gorssxchQrfmmﬁédimzebna @bﬁ to the

i na i C he -
start-up ci rcg'&u{lnggbg§urrentt Eﬁ?‘%%m@éﬁo rgm%cgrodg Erthe node 80
so t hat the ensupethatinade 192 is se@ @t either athighiarta ldvel@tdeveil EEDHR1Yy vol tage
VCC. For ex ﬁ,ﬁyﬁ C’@' ut put
t he exter nal%ggcgo %énlti ?? © Vé‘?/g: as sflg%sgﬂlag ve dtelti%trtr&nggéé}a\%?% g;eeoqjevel
such as 1.5 Ei¥ 215. KRETJA80 is previdessto set nogepip6 tor VPR vehen thessupplygo t o
system gr ourvbléégi VP'PQs at alretdtively low mwge IPhils Teblitesirs e gaRIscirke and

node 80 cont ol Peslcifﬁﬂgfs &é %‘ﬂggg&gmg set% one-%h d Wsuc% tha%’%!’fg f@%l tage

VCC by FET 78
and 195 are switched on earlier. Node.191 is therefore set to system

ground, and node 192 is set to VCC. FET 180 thus guards against the case ‘
wherein VCC and VPP are approximately the same voltage such that FET

215 does not switch on. When VPP is increased, FET 180 is essentially an

open circuit such that all current flows through the voltaged divider

circuit and node 156 is set to three-fourths VPP.

During normal operation, once the programming supply voltage
VPP has increased enough such that the voltage at node 158 exceeds the
threshold voltage of FET 190 and 195, FETs 190 and 195 are switched on.
As described above, the FETs 190 and 195 are matched such that they have
the same threshold voltage. Node 193 is no longer floating, and FET 185
is switched on. When first switched on, FETs 190 and 185 are operating
in the linear region and appear as a low resistance load to FET 155, and
the voltage at node 191 is pulled down to system ground VSS. As VPP
continues to increase, the gate-source voltage of FET 185 increases, the
drain-source current of FET 155 increases, and the equivalent resistance
presented to the source of FET 155 by the FETs 185 and 190 increases.

If the programming supply voltage VPP rises beyond 5.0 volts, the
trip-point voltage of the 5v/12v VPP level detector 55 is approached.
When the programming supply voltage VPP is equal to the trip-point
voltage V512 of the 5v/12v VPP level detector 55, the equivalent
resistance of the FETs 185 and 190 and the drain-source current of the FET
155 have increased such that the node 191 begins to be pulled up to the




in response to the output of the inverter 86 going to system ground VSS.
The control si gnal HDRWCD out put by the output circuit 85 tracks

vol t age at Wgn -1he |atch node VCC ranp detector 30 enter cirfif¥osnizss
untri pped state en FET 75 is switched on. FET 70 i s a device
t hat biases the drain of flash cell 65 so that flash cell 65 is
prevented from being accidentally progranmed. The drain bias contr ol

circuit 100 supplies the bias voltage VDBIAS to the gate of FET 70 to
bias FET 70 such that the drain of flash cel|l| 65 does not exceed 1.5 volts.
Wher ei n anot her type of nonvol atile nenDry‘é%1I is used in place of the
flash cell 65, FET 70 may not be required. As shown, the externa

‘operating supplprogxhlmgmg\/ﬁﬁpplg’ vplidgeeWPPo Whenhtdh ltagﬁah‘m@dmlﬁblls 65,

whi ch t t /
D CIT/C USI9§ ) Egggg%ﬁh BahANe rddiotfd Vol Y205, the, ‘)Gﬂa%é 2%%% 192 hat

sets the trip- ppulied down fe system grownd VSS, aﬂawhr@aéesv@@ fFengsol SIgnal
PD5VPP to be set at a logic low level. '

The equivalent resistance of the FETs 185 and 190 is very high,
much higher than the resistance that typically can be achieved with a
resistor using the same amount of semiconductor die space. As the
resistance presented by FETs 185 and 190 is higher than the resistance of
the resistor 160 used in the circuit of Figure 11, the amount of current
required by the circuit of Figure 12 is reduced when compared to the
current consumption of the circuit of Figure 11. The gain of the circuit is
increased such that voltage at node 192 can swing between VSS and VPP
much more quickly than the circuit shown in Figure 11.
Internal power supplies
Figure 13a and 13b show the internal power supplies 60 according
to different embodiments. The internal power supplies 60a shown in
Figure 13A may be those for the smart voltage circuitry 27a shown in
Figure 3A. The internal power supplies 60b shown in Figure 13B may be
those for the smart voltage circuitry 27b shown in Figure 3B. |
As shown in Figure 13A, the internal power supplies 60a may
- generally include a five volt internal supply 240, a nine volt internal
supply 245, and a twelve volt internal supply 250. The internal supplies
240-250 may be enabled to generate the higher voltages required to
perform operations on the memory cell array if the external supply
voltage levels are too low. The 5v internal supply 240 is shown as being
coupled to receive the control pulse from the pulse generator via the
HDOUT signal line so that the wordline switches 23 may be charged to
the correct voltage while the flash EEPROM 20 is operatmg in the stand-
by or deep power down modes.
Also included are a plurality of switches 255-280 that are controlled
by the control logic 230 to select either the supply voltages or the outputs



detector circuit 30 to the desired value. According to one enbodi nent,
the trip-point voltage V[err] is equal to 2.9 volts. Typically, the

t hr eshol §yo 96/14037% age Vt of the flash cell is programed sus®risvaiizizee

vol tage at node 80 is detected as a |logic | ow when the external supply
vol t age exceeds the trip-point voltage V[err]. Because the flash cell 65
I s progranmabl e, process variations in the devices of the |latch node VCC
ranp detector 30 may be accounted for by programming the Vt of flash

cell 65. Flash cell 65 may be progragmed by applying the appropriate
voltages to flash cell, as shown in Figure 2. When t he
gate-to-source voltage Vgs of the flash cell 65, which is equal to

VOG- VSS,  exefcthesappropriate dnternakpoweysupplies in pesponse tiodhedegasted ¢ he
flash cell {8itdgdsNeh@Bperiting Mddecoftihdl flashiCEEPROMI205 Bhd! thepdrtichiiss
through the flash cell” 65, pulling the node 80 down towards stem
ground VSS. OWéﬁOPI‘FQ %P?%f@gnﬁg gwitsh ’issl:’rﬁﬁfﬁ%‘g°§tﬁaﬂ\!‘%i“g%f’? énl ow, the
i nverter 8Gntertnalisapphe such tkat thedinternal stpplyeniasr belisotated! froxotheage VCC,
or ound. TheEnpng Cirelithy e Ple fitettal Spptl s nof Besfsiliabtotide
l'at ch node pa@eer tortheimamory clbamaylls Forcexampleeswitchi2Z0vinopennd FET 75
o the unt 1 ERbe R or seisch the BREMAl YL AR her Sxitrpal YECis [T
det ect or 3@{)‘%? tediye B?lt%xﬁgﬁﬁéﬂﬂ $yitghes 275 and 2 I8 opey, %SW\H\%f or s
that descriZe aid 265 eekict eie aktetdl WRE supply pin SklietcéctertdlOnPPis) Figure 4.
Vet o1 2ieys ASROSHE Figll 1n bRl Tk BRER M Aar YRt 10 2004
vol tage at hdoeld3andiextérnal VRP ifivevoltsetThecuse of switehes 86thiad 87; and
wavet or m 94nafAes rédfices the amount of current consumed by the internal power

supplies 60. ' o :

The control logic 230 receives the control signals ID5V and

PD5VPP for detecting the values of the operating supply voltage VCC and

the programming supply voltage VPP. The control logic 230 is coupled to

receive the control signals CE and PWD for detecting the mode of

operation of the flash EEPROM 20. The control logic 230 is also coupled

to receive the control signal HDOUT output by the pulse generator 50.

When the flash EEPROM is in the stand-by or deep power down modes,

the five volt internal supply 240 is periodically switched on in resporise

to the control signal HDOUT output by the pulse generator 50.

Referring now to Figure 13B, the internal power supplies 60b may

generally include a stand-by five volt internal supply 235, a five volt

internal supply 240, a nine velt internal supply 245, and a twelve volt

internal supply 250. ‘Also included are a plurality of switches 255-285 that

are controlled by the control logic 230 to select either the supply voltages

or the outputs of the appropriate internal power supplies in response to

the detected voltages, the operating mode of the flash EEPROM 20, and

the particular operation to be performed. A switch 285 is provided




voltage at the output of the VCC ranp detector 30. As shown, the out put
of the output circuit 85 tracks the external supply voltage VCC unt|I

reaches the nt voltage Vtrip, at which tine the out pUupef gg% t
circuit 85 |v?ségﬁfﬁ% down to system ground VSS. The out put Ci rch 235
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alternatively include only the i nverter 86 such that the out put si gnal
HDRWCD i s shown by waveform 93. he VCC ranp detector shown in
Figure 4 may be altered to act as a geﬁ ral purpose voltage detector
that continuously nonitors the val ue of the externally provided
operating suppbgtwmﬁgeexrwaw&@@wmpm angdethestand-biyanterpal sepplyi n thi s
manner is callggs a "continuous node" vol tage detector. A continuous

node vol t age det ect ass between thé tri and untri pped
states in response % t‘:ﬁét"qligﬂglc 0 xggeivgg dhe contro 518“"“55 155 and
PD5VPP for detecting the values of the operating supply voltage VCC and

the programming supply voltage VPP. The control logic 230 is coupled to
receive the control signals CE and PWD for detecting the mode of -
operation of the flash EEPROM 20. When the flash EEPROM is in the

- stand-by mode, the stand-by five volt internal supply 235 is enabled to
charge the wordline switches to five volts if external VCC is 3.3 volts.

Wherein the internal power supplies 60a and 60b shown in
Figures 13A and 13B are sufficient, four separate internal supply circuits

- require large amounts of semiconductor die space. Figure 14 shows a
general internal supply circuit 310 that includes regulation circuitry 315
and a bootstrap charge pump 320. The charge pump 320 is a typically two-
stage or a three-stage circuit, but may alternatively include as many stages
as required to provide the desired output voltage. .

As shown, the regulation circuit 315 includes a voltage reference
circuit 316, a divider circuit 317 and a voltage-controlled oscillator
("VCO"} 318. The voltage reference 316 is coupled to the input voltage
Vin, which may be the operating supply voltage VCC or the
programming supply voltage VPP. The voltage reference 316 uses the
input voltage Vin to generate a reference voltage Vyef that is supplied to
the positive terminal of VCO 318. The negative terminal of VCO 318 is
coupled to the output of the internal supply 310 via the divider circuit
317. The VCO 318 compares the reference voltage Vref to the output of
the divider circuit 317 and outputs a regulatxon signal REG to the charge
pump 320.

Figure 15 shows a charge pump 320 in'more detail. Charge pump
320 is shown as a three-stage charge pump that includes an oscillator 323
coupled to receive the regulation signal REG, a first phase (PH1) clock
driver circuit 325, a second phase (PH2) clock driver circuit 330, and a



Figure 6 shows a continuous node vol tage detector 96. The '~ conti nuous
node vol tage detector 96, |like the |atch node VCC ranp det ector,

i ncl udes sl | 65, FET 70, FET 75, output circuit 85, '
bi as cont“;vgl%jg?@guit 100. The start-up circuit 45 is not rgggﬁ]rsg%ﬁgecause a
‘bias signal VCBIAS is applied to the gate of the p-channel FET 75 by the
current bias circuit 95 so that the node 80 is pulled towards the supply
vol tage VCC via the drain-source current of FET 75. To reduce the

current consuned by the continuous node VCC ranp detector, the bias .
signal VCBI AS supplied by the current bi¥s circuit 95 .biases FET 75 to be a
weak pull-up device. The bias signal VCBIAS is such that the current
sourced by RIPsysiregiti3dde geddil andoRH2idockadriventirchits ere coupled to

oPET AL 0, SRRV b HaTcutput by sl VK kpandfl D s
ext er nal suﬂﬁgvia&’(ﬂ“c %}ggal\/ggd,gvahere%%e %gﬂnaﬁ‘ﬁﬁ%ﬂ%ﬁ RVEIAIaYEs vt of the
flash cel | Gupplydiffetentphases opilte cloc1|86igmllmta§ th@‘?/%%ﬁtfe‘c)iiédggt gm%ﬁg‘n?lhr 2 gﬁgl é
Vol 1age vt GPORRErFRE a2 gBhpRlly cobPiley pie whifes st BABEGksiniEetoBh S ich
that the voltodgesttheinputaroltagente theodesiradoomtpist wpltaged TFinelchargingt put '
oot o na SASAG g pRor 1 BRNTRA oy o sl miFi Shov) o
flash cel | 6BIVerHirQuis | ABBREG sighal input is psovidedcbetweed theconcilfator he
untripped sB3aBandeghé clock drivers 325 and 330 for receiving a clock signal directly
from the stand-by regulation circuitry described in Figure 19. For ‘
alternative embodiments, each of the regulation circuits may include |
their own clock driver circuits that are multiplexed to control the boost
circuit 332. . L .
The boost circuit 332 includes a_riumber of stages of n-channel
- FETs 340, 360, 380, and 395 connected in series between the input supply
Vin and the output terminal Vqoyt. The FETSs 340, 360, and 380 are used to
switch current from one stage to the next and are therefore called
"switching FETs." The two-stage bootstrap charge pump 320 also includes
FETs 335, 355, and 375, which are used to control the operation of the
switching FETs and are therefore called "control FETs." All of the FETs
may be a type of n-channel FET referred to as an "S type device.” S type
devices are n-channel FETs 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.
~ The clock phase PHL1 is provided to the three-stage bootstrap charge
pump 320 via capacitors 345, 370, and 385. Switching FETs 340 and 380 -
and control FET 355 are switched on and off in response to the PHI clock
signal. The clock phase PH2 is provided to the boost circuit 332 via
- capacitors 350, 365, and 390. Switching FET 360 and control FETs 335 and
375 are switched on and off in response to the PH2 clock signal. The




WO 96/ 13037
PCT/ USO5/ 13235 | _24- HDRMW/CD

is set to tRg | evel of the external supply voltage V /Usssu
cont i nuous mge% ranp detector may therefore be used as a

det ect or. Figure 7 shows waveforns that describe the behavi or of
t he conti nuous node voltage detector. Waveform 101 shows the behavi or
of t he external operating supply voltage VCC, waveform 102 shows the

vol tage at node 80 in response to the supplgL vol tage VCC, waveform 103
shows the voltage at node 88; and waveforniX04 shows the signal HDRWCD
out put by the continuous node VCC ranp detector 30. Wavef orns 102 and
104 show t hat tsmdtahingFEIO325 haslits gate cappledttedisairain sugdsthidtibis typitadly t he

operating suppls)any‘_q{egat?ﬁ a¥Gi tflﬁ'l gs bel ow the trip poi nt voltage V[err]
e

.so that the vol tage ctor. e used as a |ow V detector circuit
or as VCC or VPP | eReferringte Ergwrléume twag Qﬁh%ﬂseélpﬁhﬂd PHZS’S’ RRly

al ternativel K ioverlage andl ﬁ'letFHZ dIU&iél aBfs stitniin tab Heinig) enidiallyhigh. Wg!leﬁnal
DHICD | ol B B e, v LS e S
conti nuous nod@75/re allwitched one Initially, the drain and gate of the switching FET -
360 are at the same voltage. Because the PH1 clock signal is low, the
control FET 355 joining the drain of the switching FET 360 to the gate of
switching FET 360 is switched off, and current flows through the
switching FET 360. This current transfers charge from the capacitor 350 to
the capacitor 370, reducing the drain voltage of the FET 360 such that the
switching FET 360 switches completely on, increasing the current
furnished to the next stage. | -

As the voltages at the drain and source of the switching FET 360
begin to equalize, the voltage at the gate of the control FET 355 is raised so
the control FET 355 is nearly on. When the PH2 clock signal goes low,
the control FET 355 turns on, and the switching FET 360 begins to turn
off. Simultaneously, the control FETs 335 and 375 are turned off such
that the gate of FET 340 is isolated from the drain of FET 340, and the gate
of FET 380 is isolated from the drain of FET 380. When the PH1 clock
signal goes high, the control FET 355 switches completely on, equalizing
the voltages at the gate and drain of the switching FET 360. Switching
FETs 340 and 380 are sthched on response to the PH1 clock sxgnal going
hxgh

The switching FETs 340 and 380 function similarly to the switching
FET 360 to transfer charge to the capacitors 350 and 390, respectively.
Thus, when the PH1 clock signal goes high, the switching FET 340 is
switched on and current provided by the input supply Vin charges the
capacitor 350. Similarly, the switching FET 380 switches on and current
provided by the capacitor 370 charges the capacitor 390. The capacitor 350
tends to be charged to twice the input supply voltage Vin, wherein the



enbodi nment, the sw tchable node voltage detector 109 operates as the

| atch nbde VCC ranp detector 30 at power-up and in the deep power down
nmode. Thgo9gikgsrabl € node vol tage detector 109 operates i fpcyssos 235

conti nuous node as the | ow VCC detector 40 after power-up while t

fl ash EEPROM 20 operates in the stand-by and active nodes. The

swi t chabl e node vol tage detector 109 includes flash cell 65, FET 70, FET
75, output circuit 85, start-up circuit 90, current bias circuit 95, drain
bi as circuit 100, p-channel FET 105, ;and feedback control circuit 110.
The p- channel FET 105 has its drain coupl ed to the source of FET 75,

coupl od | n APaCEaZbtenkis Brns EaAgerof thA (ies the dAakt SPR Yoliee, g
f eedback cAfpy ahd the Qapacitdr 390tends to be chaffied tb fouf tintds thERRPt i
on L Y B Yoilae ﬁz&ﬂ%@o&&ﬁaﬁaw%s s ity lepete
PCT/ US95/ 13mgsPH2 dock sxgna s, which operate to charge the capacitors fusher. For
example, the capacitor 370 is charged to twice Vin by the capacitor 350 and
to three times Vj, by the PH1 clock pulse. The maximum output voltage
Vout of the charge pump 320 is thus approximately equal to the four time
the input supply voltage Vin, less the threshold voltage of the output FET
' 395. The output voltage Voyut can be controlled by varying the pulse
widths of the clock signals. (
The capacitors of the boost circuit 332 and the oscillator 323 | -
typically require large amounts of semiconductor die area, and each
internal supply of Figure 13 includes its own charge pump having an
oscillator and boost circuit. Substantially identical circuitry may be used
for each charge pump because the circuitry of the charge pump can
typically be used for any input supply voltage Vin. Therefore, to reduce
the semiconductor die space required for the internal power supplies 60,
the same charge pump can be used for multiple internal power supplies,
wherein the appropriate regulation circuitry is multiplexed to control the
“output voltage of the common charge pump 320.
Figure 17 shows the internal power supplies 60 wherein a
common charge pump 320a is shared by the stand-by five volt internal
supply , the five volt internal supply, and the nine let internal supply.
The twelve volt internal supply is shown as includi_ng a separate charge
pump 320b. A multiplexor 416 has a first input coupled to the output of
the five volt regulation circuitry 405 and a second input coupled to the
output of the nine volt regulation circuitry 410. The output of the :
‘multiplexor 416 is coupled to the input of the oscillator for the charge
pump 320a. A separate switch 418 is provided between the stand-by
regulation circuitry 400 and the clock drivers of the charge pump 320a
such that the oscillator of the charge pump 320b. is bypassed when the



Figure 6) to the gate of FET 105, and the start-up circuit 90 bi ases node
80 so that the output of inverter 86 goes |ow, swtching FET 105 on. The

swi t chabl e r%d]%,y fage detector 109 therefore initially opergipgsddhsbise
| at ch node. ce the value of the operating supply voltage VCC exceeg

the threshold voltage Vt of flash cell 65, the VCC ranp detector 30 is
placed in the tripped state where it renai ns until the flash EEPROM

enters the stand-by or active nodes. Wien the flash EEPROM 20 enters t he
stand-by or active nodes, the feedback con %Ol circuit decouples the

out put of the output circuit 85 fromthe gate of the FET 105 and instead
supplies a biasi ng volta e to the gate of FET 105 so that FET 105 is

swi t ched on. 20atie used agparsof the anddy five Neltdoternal,supply
nmode and may bgyonflgur ed to act ‘as the | ow VCC detector 40. : As

&:Zﬁéi Bijaﬁé"’ég;p A kgéﬁwﬁj%%ﬁ%'gﬁaéfﬁﬁé?ﬁ&?ﬁ e;%hﬁvﬂleﬁgém ahdeor
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detectors so tllhggh 5 @3@?‘5@ go Eﬁ 0 qup an 20
remai ns wit hi riaefvoltgegulation. Clwrmy CDugFQsUtQ:ﬁlQJ charge pumprixawit 320a
during the st gndee3 oﬁ?&'f‘otﬁe gegﬁ% Eﬁﬁe@f fidsh EEBPROME 2 and e | -up
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pump 320b is supplied with external VPP.
Further reduction of the size of the internal power supplies 60 may
be achieved by recognizing that a large charge pump is not required to
supply twelve volts during programming. Thus, as shown in Figure 18, a
small twelve-volt programming: charge pump 416 may be used during
programming operations, such that a single charge pump circuit 320 may
be shared to generate the five volt read voltage, the nine volt program
voltage, and the twelve volt erase voltage. This reduces the overall size
of the internal power supply circuits. An additional switch 417 is
provided between the output of the program charge pump 416 and
HHVP12. For this embodiment, the multiplexor includes a third input
coupled to the output of the twelve volt regulation circuitry 415.
Stand-by Regulation Circuitry -
Figure 19 shows stand-by regulation circuitry 400 for controlling
the five volt charge pump during stand-by and deep power down modes.
As described above with respect of Figure 3B, if the operating supply
voltage VCC is 3.3 volts and the flash EEPROM 20 is in the stand-by
operating modes, the stand-by five-volt internal supply is enabled to
maintain the voltage of the wordline switches at 5 volts.
The stand-by regulation circuitry 400 includes a transconductance
operational amplifier 420, proportional voltage generator 430, a voltage




Figure 9 shows a drain bias control circuit in nore detail. As shown,
t he biasing voltage VDBIAS is derived fromthe operating supply vol t age

VCC to copbloghsdshe drain voltage Vdrain at the drain of thedphassass cell
65. The drain voltage Vdrain of the flash cell 65 may be expr'esseo?zgy

the follow ng equation: [err] WO 96/ 13037

PCT/ US95/ 13235 - 26- wher ei n
V[err] is the threshold voltage of FET 70. The biasing voltage VDBI AS is
equal to VCC m nus any di ode drops assocjated with di ode connected FETs

115 and 120 that may be inserted bet weef’t he operating .supply vol tage
VCC and the output of the drain bias control circuit 100. )
Accor di ng txeference 435dand @ cunraat contrelled osolarg 425. sThe opetationaluch t hat

(he Varue ST YO CUpA, S st I & o o coo o
In voltages detected at the pOsitive and negative input terminals. The
current controlled oscillator outputs the SBREG signal in response to the
current Ioyt, and SBREG is drives the clock drivers of the charge pump
320. . ' - . | o
The positive input terminal of op-amp 420 is coupled to the output

of the voltage reference circuit 435, which may be manufactured

- according to the teachings of U.S. Patent No. 5,339,272, entitled Precision _
Voltage Reference, issued of Kerry Tedrow et al., and commonly assigned ‘
to Intel Corporation of Santa Clara, California. The negative input

- terminal of op-amp 420 is coupled to the output of a proportional voltage
generator 430 having its input coupled to the output of the charge pump
320, which is coupled to the wordline switches 23. The op-amp 420
compares the voltages at its terminals and outputs a current Iyy in -
response to the comparison, and the current controlled oscillator 425
varies the frequency of SBREG in response to the amount of current Iyt
received from the operational amplifier 420.
The Pulse Generator . _

As described above with respect to Figure 3A, the internal power

supplies 60a of smart voltage circuitry 27a are periodically enabled to
charge the wordline switches 23 to five volts when the flash EEPROM 20
is not in the active mode and external VCC is 3.3 volts. Figure 20 shows

- the output of the pulse generator 50 as a function of time. As described
above, the five-volt internal power supply is enabled for a single pulse of
duration tp once every teotal Seconds. A current Icharge is consumed by
the five volt intéernal supply for the duration of a pulse, after which the
current Icharge falls to zero. The amount of current Icharge consumed at
any given pulse is determined by the amount of charging required to
charge the wordline switches 23 back up to 5.0 volts. The time ttota] is
chosen in view of the RC time constant for the wordline switches 23, the




swi tches on, which occurs when the external supply voltage VCC exceeds
the trip-point voltage of the VCC ranp detector 30, the drain voltage

Vdrain i s puybadnsgyground. Therefore, the maxi mum drain vol t ggnuses/fRssIr S
when VCC is equal to the trip-point voltage V[err]. As the trip- poi nt

vol tage increases, nore di ode-connected FETs may be connected in series
as shown in Figure 9 to reduce the value of VDBIAS such that the  drain
vol tage V[err] does not exceed the predefined maxi mum drain vol t age.
Figure 10 shows a continuous node cl ocked vQgl tage det ector circuit 121
that operates simlarly to the voltage detécfor circuits shown in

Figures 4, 6, and 8. The clocked voltage detector circuit 121 may be
altered t o meaxmumiallowabletvoltage drop pntbe wverslinesswitches 23tand Aode as

i g(iwn N i tn Fi S@tﬁtxﬁt %seﬁ?ﬁfﬁ@f Eﬂﬂ'eﬁlf féﬂﬁetcﬁ\@ﬁiﬁ?ﬁl &P'ierEZQGTIF&ttﬁheq' {i@ui t
reflects e fac S vol t age lLevel s .cally do change
that- raptdly. ChORFLPEVIRW ok the 1E né onaRns e s worBling wltes 2n
dezi gﬂed t o detheandwnt of vuirent thudt thetﬂilvé-heltdpfeemhl powsarqupply aanhage ?(/Cccj:
and the progra _ ) | . ocke
vol t age det ect glrHl {-‘& CTI?% &9@4&1’#&%@9%6\4@?@;&1&@@@9b@ﬁtgg}af , tlgéne of
whi ch i s sel ecdauationttpeonce ewery itpias6conds to define the trip-point
voltage V[err] of t | &@? ts Hrigw hen/tRgponse
to the control iﬂ lﬁfs{uﬁ é\/n %ﬁe%@ ggéfg&ggngﬂb@%%egmrgl gn | ne
26. The threshglsaa O ‘té% 8¢ i§ Iy either thesgtan %’%ﬁ%}gﬁ% ; hat
t he cl ocked vob midiett:;{ﬂuseigénaﬁtor 50 kRdulpeonsrneas little Qurkéavt A4LCC | evel

det ect or ~when Eﬁg‘%ghcsé | ?’Z\?i ;Eoewer E(%S%%Sﬁbn L Thb sk ERPROM 26 Ut hot

voltage of fla _ _
exceed the maximum power consumption for the stand-by and deep

power down modes. Figure 21 shows the pulse generator 50 in block
diagram form. The pulse generator 50 generally includes a low frequency
oscillator circuit 450 and a high frequency oscillator circuit 455. Both the
low frequency oscillator circuit 450 and the high frequency oscillator
-circuit 455 are coupled to receive the biasing signals PBIAS and NBIAS
from the current source circuit 45. For one embodiment, PBIAS and
NBIAS each provide 40 nanoamperes of current.

' The high frequency oscillator 455 is coupled to receive the output
signal of the low frequency oscillator circuit 450. The high frequency
oscillator 455 is also feedback connected to its own output such that the
high frequency oscillator 455 outputs a pulse having the duration of one-
half the period for the high frequency oscillator 455 once every period for
the low frequency oscillator 450. For example, wherein the period of the
low frequericy oscillator 450 is équal to three milliseconds and the period =
of the high frequency oscillator 455 is equal to twelve microseconds, the
high frequency oscillator 455 outputs a pulse having a six microsecond
duration once every three milliseconds. :

Figure 22 shows the low frequency oscillator circuit 450 in more
detail. The low frequency oscillator circuit 450 is shown as a ring
oscillator circuit comprising an odd number of inverters 460-510 coupled
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progr anypdefisgsh t hat the cl ocked vol tage det ector circui pciribogpRsst es as
the 5v/12v VPP | evel detector when flash cell 130 is selected. Mre flash
cells may be added so that the cl ocked voltage detector nmay al so operate as
the VCC ranp -detector circuit and the | ow VCC | evel detector circuit. '
The power supply of the NAND gate 145 may be nultiplexed to be either

VCC or VPP. A switch circui t42140 is coupled to the external
supply voltages VCC and VPP. The switch circuit 140 may include a
resistive, divi |rcu t (not sho to reduce the extern progr anm ng
suppl y voilt édJ 1guraF19%ersR9€%féq YTHEVQ?WFAQP‘QP@KQICOBP&%& ects one

of the supafies, mﬁtaee@u t of zhﬁelﬂéxoﬂﬁiisjfeﬁobddk%gﬁteeﬁ\ dmﬁvéitals h cells’
125 and 1 0. The. cloc ﬁ oolltarg%F i rie%'g,t [ é:rbc{lcwt 1 i s-¢|l ocked by a
CLK signal-™F THEBU 5&? &9 G R ey« fi?sd detector 121
i ncl udes ﬁ'eqwencyupditosmﬁogat e 145 havi ng one i nput coupled to node 80
f‘”d the other Tﬁgkﬁ\%tﬁ% %ﬁ%ﬂe ﬁ@wtf?gquenc%cﬁlﬂaﬁbrcm%otlg m&hphpnal 1s T —
ow. the OF El?euinvefrter 485. The il of each I
posmve rail of each inverter is coupled to the
operating supply voltage VCC via a corresponding pair of p-channel FETs
515 and 520. The gate of each FET 515 is coupled to receive the PBIAS
signal, which biases the FET 515 to act as weak pull-up devices. Thus, the
positive rails of the inverters are charged slowly and require little |
current. The FETs 520 act as cascode devices that isolate the positive rails |
of the inverters from the operating supply voltage VCC when the voltage
at the gate of the FET 520 is logic high. Each of the FETs 520 is. controlled
independently of the other FETs 520. Generally, the gates of the FETs 520 -
are controlled by the output of the inverter that is one more than one-
half the total number of inverters down the chain from the output of the
corresponding inverter. For example, the FET 520 coupled to the inverter
460 has its gate voltage controlled by the output of inverter 490, wherein
the FET 520 coupled to the inverter 465 has its gate voltage controlled by
the output of inverter 495. -
The negative rails of the inverters 460-510 are similarly coupled to -
system ground VSS via n-channel FETs 525 and 530. The gates of FETs
525 are all coupled to the NBIAS signal such that the FETs 525 operate as
weak pull-down devices. Each of the FETs 530 is. controlled '
independently of the other FETs 530. Generally, the gates of the FETs 530
are cohtrolled'by the output of the inverter that is one more than one-
half the total number of inverters down the chain from the output of the
corresponding inverter. For example, the FET 530 coupled to the inverter "~
460 has its gate voltage controlled by the output of inverter 490, wherein
the FET 530 coupled to the inverter 465 has its gate voltage controlled by
the output of inverter 495.



145 is |l ogic high. Wen the CLK signal goes high, the output of the NAND
gate 145 is determ ned by the voltage at node 80. If the sel ected supply

voltage is g‘f@gé,ﬁb”t_han the threshol d voltage of the sel ect edpdyi§disizass
cell, the voltage at node 80 is set to system ground VSS and t he NAND

gate 145 outputs a logic high voltage. O herw se, the voltage at node 80 is
hi gh such that the NAND gate 145 outputs a logic |ow voltage. One or

more | atches (not shown) may be coupled to the output of the clocked

vol tage detector circuit and controlled by the CLK and CIL circuits to

| at ch the output of the clocked voltage d&t¥sctor circuit 121 at the
appropriate tinmes. These |atched val ues may be provided to the control

engi ne 26. 5V/ 10me/reveatpendbiasing the pulliup v prll-dewn dexdresi@ETs: or

55 detects wh b S
Sind 32 of HHALAOHRTL byt BBEATE il

\z;gl:g_rsd%gltz o @%Pg&gﬁynﬁﬁtosaﬁ}at%t@@ﬁfwnwwm teReperatyre-53 el udes
p- channel FETshbdald beZontrhsted with\Pufiadp a8dpull-down devices that are biased
PCT/ US95/ 13233, operate in the saturated region, wherein the frequency of the oscillator
tends to decrease with temperature. The leakage current of the wordline
switches 23 also tends to increase with temperature, and the increased
frequency of the oscillators allows the wordline switches 23 to be
maintained at approximately five volts.
The cascode devices 520 and 530 coupled to the rails of each
inverter help to ensure that no conduction path is provided between
VCC and VSS. Wherein it is possible that the p-channel and n-channel
FETs (not shown) of the inverters may be switched on simultaneously for
- a short period of time when the inverter transitions from one state to
another, the cascode devices 520 and 530 effectively eliminate any
conduction path between VCC and VSS because either VCC or VSS is
decoupled from the inverter. It is also possible for the cascode devices 520
and 530 to be switched on simultaneously when the output of the
controlling inverter transitions from one state to another; however, the
inverter for which the FETs 520 and 530 act as cascode devices is in the
steady state such that no conduction path between VCC and VSS arises.
The period of a ring oscillator is equal to the twice the product of
the total number of inverters and the propagation delay for an inverter.
For one embodiment, the low frequency oscillator 450 is selected to have
a period of three milliseconds.
Returning to Figure 21, the output of the low frequency oscillator |
450 is provided to enable the high frequency oscillator 455. The high
frequency oscillator 455 may be a ring oscillator similar to that shown in
Figure 22, wherein the period is defined to be much smaller than that of
the low frequency oscillator 455. The period of the high frequency
oscillator 455 may be, for example, twelve microseconds. The high



- 28- 155, n-channel FETs 170 and 175, resistor 160, and inverter 165.
The source of FET 150 is coupled to the external supply voltage VPP, and
t he A eb/3h377ET 150 is coupled to the source of FET 1%,{[%@“953@1 n of

a

FET 151 IS coupled to the source of FET 152, which has its I'n coupled
to the source of FET 153. The drain of FET 153 is coupled to system
ground VSS. Each of the FETs 150-153 have their gates coupled to their
drains. - The voltage at the node between the drain of FET 150 and
the = source of FET 151 is coupled to the gate of FET 155. The source of
FET 155 “"is coupled to the external ﬁ?ogrannlng supply vol tage VPP, and

t he drain of FET 155 is coupled to a node 157. The resistor 160 is
coupl ed frequemenoscitiatorsibshsenablacto beginnoperstonwhen fhe ougputie has its

i nput .cméoio%\df%émakdeagy al&%é@éo%?h%%"?ﬂeb‘ﬁ 4ObF Bi€hfgh Node 157. The

i nverter 1g;q| S system r.Qun nd on the

hi gh si de B§INERCK 05 g@réﬁ r}6 back tqhe input ofdhetighdreaienclie n-
channel FEdscillator 468 sbAhat the high fredlien@pbstilatdr 458 mapbekdidabléd are

FeT 175 or el BedipRohdhe M@J?%n%ﬁ%%bgﬁievpp %%?t e Mg The
n- channel MENNETSa smglhqmlse havingoa 'daration of halhthe period dfothetsmald hol d
\é(rjlo;[/?ggda?ge%etter ensur regéé%rﬁeegta tﬂb%&%m% Eﬁﬁ 7?2\%79@??&%? e
detector 55 forln the fqregoingspecification the)fnsrentiornghas peey deseribed vec i s
greater t hyith Fefer®nes 'té Bpebificsandimhplary entBddififent®thereof. It will,

however, be evident that various modifications and changes may be ‘

made thereto without departing from the broader spirit and scope of the

invention as set forth in the appended claims. The specification and

drawings are, accordingly, to be regarded in an illustrative rather than

restrictive sense.



The operation of the cireuit_shown in Figure 11 will now be di scussed

wWith respect to the tinme when ovver Is first supplied to the flash

eepron 20, ot = M i llﬂlllﬂumnm;z*: g SUPPLY Y qlcriBgiBRs i o

may be 5.0 volts or 12 volts. | i t Mal t he vol tage at - node 157 is at
system ground VSS, and the inverter 165 sets the control signal PD5VPP
at a logic high level. As the progranm ng supply voltage \, =R
t he ambunt of drain-source current for FET 155 increases,
96/ 13037 -45-

- 29- node 157 beglns to be pulled up towards the finalts :
external VPP i CLAIMSBci ently high, FET 155 acts as a strong puII-up deV|ce

t hat overcomas%,gp&k{ 24N, reS|stor 160. The inverter 165 sets the
control signal Iog| c lowlevel if the voltage at node 157 is

detected to be_at a |logic high lLevel, indicating that the external
1. An integrated circuit, comprising:

a first conductor coupled to a first external supply voltage;

a second conductor coupled to a second external supply voltage;

a first internal power supply coupled to the first conductor for
providing a first internal supply voltage at a first voltage level
in response to the first external supply voltage;

a second internal power supply coupled to the second conductor
for providing a second internal supply voltage at a second
voltage level in response to the second external supply voltage;

a plurality of switches coupled between the conductors and
remaining circuitry of the integrated circuit, and between the
internal power supplies and the remaining circuitry of the
integrated circuit;

a first voltage detector circuit coupled to the first conductor for
outputting a first signal that indicates whether the first external
supply voltage is at the first voltage level;

a second voltage detector circuit coupled of the second conductor
for outputting a second signal that indicates whether the second
external supply voltage is at the second voltage level;

a control circuit coupled to the first and second voltage detector
-circuits and the switches, the control circuit for controlling the
switches to selectively couple either the first conductor or the
first internal power supply to remaining circuitry of the
integrated circuit in response to the first signal, and for
controlling the switches to selectively couple either the second
conductor or the second internal power supply to the
remaining circuitry of the integrated circuit in response to the

_—
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progranm ng supply voltage VPP is 12 volts. Wherein the circuit
shown in Figure 11 L_;__ls_u_fﬂ’%i_%fﬂj_(lt—dft ecting t he val ue of the

progr ammignglesispd v age i mprovenents nay be nadgerieysn$is8np! €,

if the operating supp w greater t han t he progranm ng
supply vol tage VPP, H‘ m“m‘“ in Figure 11 draws a constant DC
current. Further, the r*espstlor 60 olcupies a relatively | arge anount of
seni conduct or di e space, which may affect the density of the nmenory cell
array 21. Figure 12 shows the 5v/12v VPP | evel detector 55 .
according to a second enbodi ment. To¥educe the anount of seniconduct or

di e space required for the 5v/12v VPP | evel detector 55, the resistor
160 has been r esecand signal, whebeinrthe integratesk direuit §6formed 08,a whi ch

present an active ET 155. The 5v/12v VPP | evel
detector of Fi guresﬂélgaérﬁleoﬁgﬁncgg?ﬁ%ﬁc Elé(;l ng p-channel FETs 150-153, 155,

180, 200, a d 21 © Nn- hannel 185, 190, 195, 205, and 210; and .
i nverters 129‘3"03 ememor)r ‘4@'50%15188 are coupl ed as descri bed

above with reSpestfuwcondfdtaﬂém bd tandh ék@rﬂﬂt?aﬁuﬁgﬁu% valtagepl ed to
recei ve the volt bet ween { he

t he nod 6_def drajn of FET
150 and the sour g cggqnductggfouffgéilgq)ﬁp@é %‘pa}:gﬁoqggupén%g aié'd to the
programi ng suppl ywﬂ»tagege VPP, and the drain of FET 155 is coupl ed to
the drain of FET, }3 i :
I sol ate FET 190 ?rom t'ﬁ@r%bdh I?@g‘hg%\‘ }ﬁﬁ‘mfﬁg a}grﬁ‘ltgé‘agtdi)\& 91 and
FET 185 may not be SEPRlY veliage at ﬁeﬁrxst)wpbtese eVQlloet ector circuit shown in

Figure 12 is useglshéoritkiiteindl ezveu for pioviding aritepalur if the
circuit were adapted to be.a vel det ectgag lev he gate of F

|
185 is coupled to .Péi?a%"}lﬂe s\‘/‘&ﬂ‘%&é’ thSrﬂ?tah?‘:FfBg 8&fi ned between
the drain of FETa phiraityl of lsevitaies coupled-bédtwiden thencbriduetors and

- remaining circuitry of the integrated circuit, and between the
internal power supplies and the remaining circuitry of the
integrated circuit;

a first voltage detector circuit coupled to the first conductor for
outputting a first signal that indicates whether the first external
supply voltage is at the first voltage level; '

a second voltage detector circuit coupled of the second conductor
for outputting a second signal that indicates whether the second
external supply voltage is at the second voltage level;

a memory cell array comprising a plurality of nonvolatile
memory cells arranged in a matrix of rows and columns;

a control circuit coupled to the first and second voltage detector
circuits and to the switches, the control circuit for controlling
the switches to selectively couple either the first conductor or
the first internal power supply to the memory cell array in
response to the first signal, and for controlling the switches to’
selectively couple either the second conductor or the second
internal power supply to the memory cell array in response to
the second signal.

-
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of FET 185 igw
coupled to sys

B3RS

to the drain of FET 190. FET 190 has its
und VSS and its gate,

-30-

coupled to the node

source

Pﬁ%ﬁ%ﬁﬁs

defi ned between the drain of FET 152 and the source of FET 153.

node 191 is defined between the drain oft/BET 155 and the drain
The voltage at node 191 drives the gates of p-channel
FET 205, which are coupled to operate as an inverter.

n- channel

(0]

FET 200 and

The

f 185.

source of FET 200 is coupled to the operating supply voltage VCC, and the
drain of FET 200 is coupled to the drain of FET 205. The node 192 defi ned
between the drain of FET 200 and the drain of FET 205 determ nes the

val ue of the control©signal

PD5VPP out put by the 5v/12v VPP | evel

detector 55. The invVérter 220 has its input coupled to node 192 and its
225, which outputs the control
T 215 has its gate coupled to the programi ng

out put coupled to t
PD5VPP. The

si gnal

¢

oz
5
2
&)

i nput of

i nverter
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supply voltage VPP, its source coupled to the operating sugthyosssismse
VCC, and its drain coupled to the node 192. FET 195 has its gate coupl ed
to node MOMAW s source coupled to the drain of FET 210, which has its
source coupled to systemground VSS and its gate coupled to the
progranm ng supply vol tage VPP. FET %ﬁé?g;selected to have the sane

characteristics as FET 190. s 150-153 nmay be identical devices
each having a channel w dth

of five mcrons and _a channel |ength of
twenty mcrons. FETs 150- e3—act as a voltage dividen and provide
voltages to the gates of FETs 155 and 190 such t hag=t
of the gate-to-source vol

he absol ute val ue
ages VGS for both T 15%¥3dnd FET 190 are
equal . For exanple, the gate voltage for FET 1

>is dqual to
three-fourths VPP such that V[err] is equal to %&éve one- fourth VPP,
and the gate voltage for KET 190 is equal to on

t h (VPP such t hat
V[err] is equal to one-foyrth VPP. FETSJ190 and=295 are jl so | denti cal
devi ces having a channel w dth

of two m\crons and a chanﬁel | engt h of
thirty mcrons. FET 155 nay acw&f]mu-?l FETs coupled in
parallel, each having a c annﬂ w dth otAdive mcrong anfl a channel

| ength of twenty m crons. anpl e thresh'qﬂ‘d vol t ages |f or | FETs WO
96/ 13037 o

PCT/ US95/ 13235
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vol tage at node 191 i

191 is charged to the t

S

ppr oxi
p- poi

tely
vol t

FETs 190 and 195.
node 191, and FET
node 191. The tri p-point
getor 55 occurs when the
to one-half VCC. When node

qual
ge V[err

155, 185, 190, and 195 are 1.5 volts for
FET 185, an®O096/13037volt for
essentially acts as a pull-up device for
essentially acts as a pull-down -device for
voltage V[err] for the 5v/12v VPP | evel

1,

FET 155, 0.2 volts for
POT/US9S/13235

190

both FETs 155 and 190 are
saturated, and the gate-|soureg|voltages and the drain-source cygrents of

FETs 155 and 190 are @g r oxi ely hal . The trip-point voltag? Vlerr]
may approxi mated usi ngntlhe f & llowm ng>equati on: [
[err] wherein c %% a co ant term ned by the common ga ource
vol t age applied toFHETs 155fand D; V[err] is the threshol | tage for
FET 155; Vlerr] is the threshold voltage for |FET 190; [err]i®stthe beta
val ue for FET 155; and [err] 190 is the be val ue for FET 18¢Q Eor the
circuit shownjin Figure 12, c is equal toSjoUr. TE=&el|a
val ues for FEJs 155 and 190 may be expressed by |th fol | owi @Hxat i ons:
- W
< oz L
Z i
x=a
wWoa
Eas
Z 0
-
g
55‘ Q A AL
‘ Ll
QI U] Q EE
o gg al |
X O =
& P
°°I“‘%&' =
o) n
aF: AT
Sul m| £2
oz al 3
L O
(4]
($)
o oo
t S f g :
b7 gl 9 D
g — a| ol Q.
=
Loy ol [ ox g e
o A|a SEoW 8S 1e)
= M E il S .Ngi—
120 » >0 (8] ~J0
LJ A = N
o g Sk Bk
O MmO our | a

VeC

SUBSTITUTE SHEET (RULE 26)

FIG. 3A




[err] wherein wWerr] is the channel width for FET 155, ' e
channel | erlyO96/130370r FET 155, W90 is the channel width for %Md

[err] is the channel |l ength for FET 190. The trip-point voltage V[err]
‘may be set by varying the t hreshol d vol tages and beta val ues of the FETs
155 and 190, and by changi ng t he gat4ef @durce voltage applied to FETs 155
and 190. nunber of ,the devices shown in Figure 12 are provided
to protect agai ngg the ocgy®rence of ,@ertain conditions for the circuit.
For WO 96/ 13 - =
PCT/ US95/ 13235 al - & - 32- exanpl e,
It Is undesirable XOF node 152 to floatEdt an internediate voltage
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because inverter 220 may respond to such an internedi ate VOltﬁEit%
drawi ng DC WO 9«18037 Thus, FETs 215 and 180 are provided to bet {0 Sure
that node 192 is set at either a high or a lowlogic level. FET 215 sets
node 192 to VCC if VPP is less than VCC by the threshold vol tage of FET
215. FET 180 is provided to set node 1561 p4VPP when the supply vol t age
VPP is at a relatively |ow voltage. This results in the gate source :
vol tage of FETs 190 and 195 being set to one-third VPP such that FETs 190
and 195 are switched on earlier. Node.. 191 is therefore set to system
ground, and LABRH1MODE set to VCC. FET 180 thus guards against the case
wher ei n VCC V(GG RAMBr e approxi mately the same vol tage such that FET 215
does not swiDETEGTORWedO/PP is increased, FET 180 is essentially an '
open circuit such that an current flows through the, vol taged di vider

circuit and node 156 is sat t During nor mal

operation, once the prograsm i[ncreased enough
such that the voltage at node |15 vol t age of FET
190 and 195, FETs 190 and 195 Jare switc : ijpbed above, the

FETs 190 and 195 are matched t hreshol d

vol tage. Node 193 is no |longer floatjng, and F sw@gﬁred on.

Wien first swtched on, FETs 190 and{ 185 are operalJ iIn &hel HDRMYCD
regi on and appear gpRH i lToad to FET o § volTa

at node 191 is pul lle®ONTR M&_J ues to

i ncrease, the gate- source Qage of FET 185 inc ?&s'—-t-hg@ %‘ral n- sour ce

current of FET 155 SES, - and
t he source of FET 155 by t he PETs ases. If the
progranm ng supply voltage VPP rises 85 the trip-point
vol tage of the 5v/12v VPP | evel detector 55 |s appf oached.

FIG. 4
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When the programm ng supply voltage VPP is equal to the trip-point

vol tage V[ ewg9en3erhe 5v/12v VPP | evel detector 55, the equi vECEfHSISNIS
resi stance of the FETs 185 and 190 and the drain-source current of the FET
155 have increased such that the node 191 begins to be pulled up to the

WD 96/.13037 6724
PCT/ US95/ 13235 ' - 33-
progranm ng supply vol tage VPP. \Wen the voltage at node 191 is greater
than the threshold voltage of FET 205, the voltage ab éed
down to system ground VSS, which causes the contr ol 0 be
set at a | ogi c—Low level The equi val ¥6€ reS| st anc ETs
185 and 190 i s| GURRENGH much hi gher than thd resi stay/ge at typ| cally
can’be achi eveld \ABIASe@gW > unt sem conduct or
di e space. As {IBIRCUITststance presen Ll 7%7111- s hi gher
than the resistance of the resistor 160 used T8Q irc (cHDRMVED
11, the anoun D I

l ic:fl:eiicI uErri i VDBIAS .~ 887 8¢
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required by the circuit of Figure 12 is reduced when conpared to the
current conguyPdrizes7 of the circuit of Figure 11. The gain of PCIUSIPERIR s
i ncreased such that voltage at node 192 can swi ng between VSS and VPP

much nore quickly than the circuit shown in Figure 11. I nt er nal power
suppl i es Figure 13a and 13b s?z w4 he internal power supplies 60
accordi ng to different enbodi nents. e Internal power supplies 60a
shown in Fl gure 13A nay be those for the smart vol t age—e+Fet-t+ty—347a
shown in Eigrt A es—60h-mih EEPBAGK url e (=)
may be thpse for the smart i i ; iCONTROLe 35 ~ "~

As shown in Figure 13A, the i
include a fiye volt internal .
245; and a tyelve volt internal suppl

240- 250 may be enabled to geng¢rate the hig ges requirefl to
perform operations on the mempry cell &0 ay E_ck0br nal supply
voltage | evels are too low. T vmteral  supplby 240 is sho as being
coupl ed to receipwe—the mm“ol pul sg fromthe puls enerator yia the
be charged to t he

HDOUT si gnal |1 i feCLIRIRENT ¢ evggmg'ée swi t ches F
correct vol t ag®whiBIAS hegsl'a?rT‘EEF!I; TS op

or deep power ddwWRIRCUH =— Al so i ncl uded
swi tches 255-280 that are controlled '

ei ther the suppl bﬁﬁ&Ndéfks
CIRCUIT
100

LAg | t and- by
B omRelarT ¢ JHERMVCD.
.o | ogi cuIZ.FBOm
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WO 96/ 13037 :

PCT/ US95/ 13386 96/13037 - 34-PCTIUSIINIPBR e
appropriate internal power supplies in response to the detected

vol t ages, the operating node of the flash EEPROM 20, and the particul ar
operation to be perforned. A switch is grpopfded on each side of an

internal supply such that the internal supply nay be isolated fromthe
remai ning circuitry when the internal supply is not selected to provide
power to the menory cell array 21. For exanple, switch 270 is opened and
switch 255 selects the external VCC supply pin when external VCCis

equal to five volts. Simlarly, switches 275 and 280 are open, and sw tches
260 and 265 sel ect the external VPP supply pin when external VPP is

equal to twelve volts. Figure 13A shows a case wherein external VCCis

3.3 volts, and external VPP is five volts. The use of switches in this
manner reduces the anmount of current consuned by the internal power
suppl i es 60. - The control |ogic 230 receives the control signals

| D5V and PD5VPP for detecting the values of the operating supply voltage
VCC and t he progranm ng supply voltage VPP. The control logic 230 is
coupled to receive the control signals CE and PWD for detecti n%ﬂ&UWde

! 121
START—UP 2
Clk CIRCUIT VCC -

DRAIN BIAS
CIRCUIT_ +
100

CTL

—

VCC [ SWITCH
VPP | CIRCUIT
| 140

FIG. 10
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operation of the flash EEPROM 20. The control logic 230 is also coupled
to receive tWOWHAII0| signal HDOUT out put by the pul se genera?ﬁ'ﬂ"‘g&’m-"
When the flash EEPROMis in the stand-by or deep power down nodes, t he
five volt internal supply 240 is periodically switched on in response to
the control signal HDOUT output by the pglsgsgenerator 50.

Referring now to Figure 13B, the internal power supplies 60b may

generally include a stand-by five volt internal supply 235, a five volt
internal supply 240, a nine volt internal supply 245, and a twelve volt
internal supply 250. Also included are a plurality of sw tches 255-285 that
are controlled by the control logic 230 to select either the supply

voltages . or the outputs of the appropriate internal power supplies in
response to t he detected vol tages, the operating node of the flash
EEPROM 20, and the particular operation to be perfornmed. A switch 285 is
provi ded WO 96/ 13037

PCT/ US95/ 13235 : - 35-
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bet ween the external VCC supply pin and the stand-by internal supply
235. wodka3g3ent rol | ogi c 230 receives the control si gnaP@L
PD5VPP for detecting the values of the operating supply voltage VCC and
t he progranm ng supply voltage VPP. The control logic 230 is coupled to
receive the control signals CE and PMD'{ yzqFtecting t he node of
operation of the flash EEPROM 20. Wen e ash EEPROM is in the
stand- by node, the stand-by five volt internal supply 235 is enabled to
charge the wordline switches to five volts if external VCCis 3.3 volts.

Wherein the internal power supplies 60a and 60b shown in Fi gures 13A and
13B are sufficient, four separate internal supply circuits require | arge
anounts of sem conductor die space. Figure 14 shows a general interna
supply circuit 310 that includes regulation circuitry 315 and a

boot strap charge punp 320. The charge punp 320 is a typically two- st age
or a three-stage circuit, but may alternatively include as many stages

as required to provide the desired output voltage. As shown, the
regulation circuit 315 includes a voltage reference circuit 316, a
divider circuit 317 and a voltage-controlled oscillator ("VvCOo') 318. The

be the operating supply voltage VCC or the pr ogr ami ng y
VPP. The voltage reference 316 uses the i nput vol tage V| L
a reference voltage Vref thgppis supplied to the positive terndal of
VCO 318. The negative ter 9 ? of VCO 318 is coupk¥s

¥ to thesoOut put of
the internal suppl a-¢-hedivider circuit (. The VZO 318
conpares the referlence voIt.oe Verr] i j t h& di vi der

vol tage reference 316 is coupled to the input voltage  Verg /1§g qg
TECEDR .

VSS

VSS VSS VSS

FIG. 12
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punp 320. Figure 15 shows a charge punp 320 in nore d I %rge
punp 320 IWOSMIMI7as a three-stage charge punp that includes

oscillator 323 coupled to receive the regulation signal REG a first
phase (PHL) cl ock driver circuit 325, a second phase (PH2) clock driver
circuit 330, and a WD 96/ 13037 1724

PCT/ US95/ 13235 - -36- boost
circuit 332. The PH1L and PH2 clock driver circuits are coupled to

receive a clock signal output by oscillator 323 in response to the

regul ati on signal REG wherein the PHL and PH2 clock driver circuits

supply different phases of the clock signal to the boost circuit 332. The
boost circuit 33MD@UFrally conprises the switches and capacitors necessary
to boost the inp out put voltage. The chargi ng

and di scharging of the capamtors I's contrjol | ed by the PHL an@8%4 cl ock
driver circuits. %CSBREG signal input is |provided bw oscil | at or

Y © HH5PX
270 [5v INTERNAL
[N SUPPLY = 3v
) 240
2w INTERM 260
VPP=T2V ] | SUPPLY Wﬁ‘c{—w J
VEP=5V_ HHVPLL
X 245 -
vpr-% s
S
205V INTERNAL -
VEP= 12 SUPPLY
VPP=5V
250
D __ I CONTROL |e—25— \ INTERNAL
PDSVEP LOGIC WG ~ POWER SUPPLIES
— ™ 230 [¢— 60a
HDOUT

FIG. I3A
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323 and the clock drivers 325 and 330 for receiving a clock signal directly
fromthe stwodeazozregul ation circuitry described in Figure 19PCHUS95/13235
alternative enbodi ments, each of the regulation circuits may include

their own clock driver circuits that are nultiplexed to control the boost

circuit 332. The boost circui I ncl udes a nunber of stages of
n- channel FETs 340, 360, 380, and 3 connected in series between the
i nput supply Vlerr] and the output termnal V[err]. The FETs 340, 360,
and 380 are used to switch current fromone stage to the next and are
therefore called "sw tching FETs." The two-stage bootstrap charge punp
320 al so i ncl udes FETs 335, 355, and 375, which are used to control the
operation of the switching FETs and are therefore called "control FETs."
Al'l "of the FETs may be a type of n-channel FET referred to as an "S type
device." S type devi ces are n-channel FETs having a very | ow threshold
vol t.age | evel . The use and ma gq xhe devi ces are descri bed
in detail in U S pat e 229, gL i5avV| 4,103, 189; and
5,057, 715. The_cl H ﬁNﬁhd d to the .t hr 55age
bootstrap char ge pupp 0=3V a capdci tSUPPIYN, 3 M t chi ng
FETs 340 and 380 anfd congrol FET q55 are EGEic R VRRaIb f A onse
to the PHL clogkc sipnal. P2 ovi d iem-t-b
circuit 332 via b - — e —3930—Sw #g_EFT 360 and
control FETs 335 and 375 are:ﬁﬂ@ched_aaammiJL R o the PH2
cl ock signal. The SV INTERNAL
o SUPPLY
275 260
9V INTERNAL —
TP SUPPLY -
Vop= - WP=V  |hHveLL
| 245 Oﬁ/e
VPP PP=12V
P e 2
280 | VPP oV INTERNAL] |V~ |HHVP12_
o SUPPLY PPosy
P=5 =
250 f
= INTERNAL
IDSV__ _JCONTROL  |le—CE POWER SUPPLIES
~ |LoeIC - | 60b
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WD 96/ 13037 '
PCT/ US95/ 13366 96/13037 - 37PCT/US95/13235

switching FET 395 has its gate coupled to its drain such that it is
typically switched on at all tines. Referring to Figure 16,

the two cl ock phases PH1 and PH2 do mﬁ136@qyerlap, and the PH2 cl ock
signal is shown as being initially high. en the PH2 clock signal is
hi gh, switching FET 360 and control FETs 335 and 375 are all swtched
on. Initially, the drain and gate of the switching FET 360 are at the
sane vol tage. Because the PHl dock signal is |low, the control FET 355
joining the drain of the switching FET 360 to the gate of swi tching FET
360 is switched off, and current flows through the swi tching FET 360.
This current transfers charge fromthg-capacitor 350 to t he capacitor
370, reducing the drain voltage of t FET 360 such t'hat the swi t chi ng
FET -360 switches conpletely on, incr ng the current furnished to the
next stage. As t he et tages af—t-he-dr at A- and source of the

swi tching FET 360 begin ;to equalize,} the voltage at the gate of the
control FET 355 is raised %o the conftrol FET 355 iscﬂearly on. \Wen the
PH2 cl ock signal goes | ow, | FET 355 turmglon, and the

swi tching FET 360 begins to t = f
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of f. Sinmultaneously, the control FETs 335 and 375 are turned off such
that the gatWwooENsBY 340 is isolated fromthe drain of FET 340PCHUS9Y13335
gate of FET 380 is isolated fromthe drain of FET 380. Wen the PHL

cl ock si gnal goes high, the control FET 355 switches conpletely on,
equal i zi ng the voltages at the gate ;zlzq’rai n of the swtching FET 360.
Swi t chi ng FETs 340 and 380 are switched on response to the PHl cl ock

si gnal going hi gh. The switching FETs 340 and 380 function
simlarly to the switching FET 360 to transfer charge to,the capacitors
350 and 390, respectively. Thus, when the PHL cl ock sign@l goes hilgh,
the swtching FET 340 is swi tched on and current provided by the input
supply V[err] charges the capaegtor 350. Simlarly, the $wtchingjFET
380 switches on and current prgyi ded by the capacitor 37 charges|the
capaci tor 390. The capacitor 350 tends to be charged to fwi ce f I nput
supply voltage V[err], wherein thﬁ WO 96/ 13037
PCT/ US95/ 13235 - 38-
S |
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capacitor 370 tends to be charged to three tines the input supply voltage
Vlerr], and wioogsmdri tor 390 tends to be charged to -four tinePCIESISNAIAIS
supply voltage V[err]. The boost capacitor voltages are provided by the PHL
and PH2 cl ock signals, which operate to charge the capacitors further. For
exanpl e, the capacitor 370 is charged tq tyg%e V[err] by the capacitor 350
and to three tines V[err] by the PHL é pul se. The maxi num out put

vol t age V[err] of the cgharge punp 320Q, is thus gpproximately equal to the .

four tine the input sufply voltage Vi®err] | ess®8the threshold voltage of
t he out put FET 395. Thg output voltage V[err] gan be controlled by
varyi ng the pul se w dgljs of the clo si gnal Se The capacitors
of the boost circuit 332 Ind t he osci | gt or aaB typically require |large
anount s of seni condugt i e area, gandggach ‘° i ernal supply of Figure 13

includes its own ch e punp havi n&anI oscN I'-'E or ‘and boost circuit.
Substantially identi®l cifrcditry \ us d or Jeach charge punp
because the circuitry\of $he charggﬁﬁu tgpidally be used for any

I nput supply voltage \ern]«{Theref Ez edt t he sem conductor die
space required for the E% e?ia#—peue*uﬁ the—same—-charge punp
can be used for nultiplieoi gt grnal poye ppl i ¢s wherein the
appropriate regulationjcfrduiftry is ru It exed OJLG

L ntrol the out put
vol tage of the conmon ¢harge jpunp 32q.

rle 17 sho t he

I

i nternal power supplies 60 wherein a comyn charfge punp 3209 is shared
by the stand- iloternal uppl y L—the glerna
supply, and the nlne vol t internal supcly The tlwel ve voIt ijnt er nal
supply is sho i Ng+te-Arg—a—sepata chargre Pup—328b—A inul ti pl ¢xor
416 has a firdt Mhput c"'pled to the o put—o f he—five vo| t| regul ation
circuitry 405 and\a s&cond i nput coeupled.to fhe . ,
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out put of the nine volt regulation circuitry 410. The output of the

mul ti pl exor wigdenzw3roupl ed to the input of the oscillator for ROTASINAIIS
punp 320a. A separate switch 418 is provi ded between the stand-by

regul ation circuitry 400 and the clock drivers of the charge punp 320a
such that the oscillator of the charge 16U/1?4320b I S bypassed when the

WD 96/ 13037

PCT/ US95/ 13235 N - 39- char ge
punp 320a is used as pagl of the stand-by fiQg volt i nal supply 235.
The control logic 230 iE{coupled to control % [ or 416 and t he
switch 418, and thego ol logic 230 _deterrfEdes whi cr%) t he stand- by
regul ation circuitrg4 | the fige Vv [ rui try 405, and the
nine volt regulatio rreurqry i s=fcou i mp circuit 320a
in response to the oggradi ng rmdé"mit Ethe current
oper-ati on being perfoyned orf the
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swi t ches 255-285 are operated as di scussed above. Switch 419 is provided
to supply ewdwsn3esternal VCC or VPP to the charge punp 320a.mgd%QﬁﬂmB unp

320b is supplied with external VPP. Furt her reduction of the size
of the internal power supplies 60 may be achi eved by recognizing that a
| arge charge punp is not required to 1 y twelve volts during

programm ng. Thus, as shown in Figure 18, a smal | twel ve-volt programm ng
charge punp 416 nay be used during progranmm ng operations, such that a
single charge punp circuit 320 may be shared to generate the five volt
read voltage, the nine volt program voltage, and the twelve volt erase
vol tage. This reduces the overall size of the internal power supply
circuits. An additional switch 417 is 'provided between the output of the
program charge punp 416 and HHVP12. For this enbodinent, the nultiplexor
includes a third input coupled to the output of the twelve volt

regulation circuitry 415. St and- by Regul ation G rcuitr Fi gure
19 shows stand-by regulation circuitry 400 for controlling the five volt
charge punp during stand-by and deep power down nodes. As descri bed above

Wi th respect of Figure 3B, if the operating supply vol fage VCC is 3.3
volts and the flash EEPROM 20 is in the stand-by operati ng nodes, the

stand-by five-volt internal supply is enabled to mai nt & n the vol tage of
the wordline switches_at 5 volts IThe stand-hy gequl ation

circuitry 400 includgs a transconductance oper ati onakeqnplifier 420,
proportional voltage gengg’g9_r_4_3__0_,__a__vg_l_t_ag;a____l %
| & I F
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435, and a current controlled oscillator 425. The operati onal anplifier
420 outputs a current I[err] that is proportional to the difference in

vol tages detected at the positive and @ﬁgﬁg%ve input termnals. The

current controlled oscillator outputs the REG signal in response to the
current I[err], and SBREG is drives the clock drivers of the charge punp
320. The positive input term nal of op-anp 420 is coupled to the
out put of the voltage reference circuit 435, which may be manufactured
according to the teachings of U S. Patent No. 5,339,272, entitled Precision
Vol t age Reference issued of Kerry Tedrow et al., and commonly assigned to
Intel Corporation of Santa Clara, California. The negative input ter m nal
of op-anp 420 is coupled to the output of a proportional voltage

generator 430 having its input coupled to the output of the charge punp
320, which is coupled to the wordline switches 23. The op-anp 420

conpares the voltages at its termnals and outputs a current I[err] in
response to the conparison, and the current controlled oscillator 425

ttotal

vCC
vs§ ———J .

1 CHARGE '
Q ——J/‘\~ ) f\

FIG. 20
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varies the frequency of SBREG in response to the amount of current |[err]
recei ved fremesidddIper ati onal anplifier 420. The Pul se GeneP&T

As descri bed above with respect to Figure 3A, the internal power suppl i es
60a of smart voltage circuitry 27a are periodically enabled to charge the
wordline switches 23 to five volts whepgyltpe,flash EEPROM 20 is not in the
active node and external VCCis 3.3 volts. Figure 20 shows t he out put of
t he pul se generator 50 as a function of tinme. As described above, the
five-volt internal power supply is enabled for a single pulse of duration
tp once every t[err] seconds. A current I[err] is consumed by the five
volt internal supply for the duration of a pulse, after which the current
I[err] falls to zero: The anount of current I[err] consunmed at any given
pul Se is determned by the anount of charging required to charge the
wordline switches 23 back up to 5.0 volts. The tine ttotal is chosen in

view of the RC tine constant for the wordline switches 23, the WO
96/ 13037 _ : PCT/ US95/ 13235
PBIAS —
LOW FREQUENCY HIGH |
OSCILLATOR | | FREQUENCY| _ | HDSOUT
450 OSCILLATOR ! >
v l“ 455
NBIAS i ’f‘

PULSE GSECI)QERATOR

FIG. 2
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-41- maxi mum al | owabl e vol tage drop on the wordline switches 23, and a
wor st case |wolsggseozrurrent for the nenory cell array 21. The tPEHUSQNIIES
chosen in view of the RCtine constant for the wordline switches 23 and

t he amount of current that the five-volt -internal power supply can

source. The pul se generator is designedyho zgpply a pul se having the

duration tp once every t[err] seconds. Because the pul se generator
50 is designed to operate when the flash EEPROM 20 is in either the
stand-by or deep power down nodes of operation, the pul se generator 50
shoul d consune as little current as possible so that the power
consunption of the flash EEPROM 20 does not exceed t he maxi mum power
consunption for the stand-by and deep power down nodes. Figure 21 shows
t he pul se generator 50 in block diagram form The pul se generator 50
generally includes a | ow frequency oscillator circuit 450 and a high
frequency oscillator circuit 455. Both the | ow frequency oscillator
circuit 450 and the hi gh frequency oscill ator circuit 455 are coupled to
receive the bigsing signalls BBEAS Jald §BIASS1S frppbibe quiStht FoHts -

circuit 45. FO ﬁ:l.‘lllll_-l‘l JHA A aHd NREER cachl B O l‘ 4l (7
nanoanperes of curre . | at or 9455 i s
coupled to receive th Qut~pu ncy/1050| | | at or

circuit 450. The high frt q &
%sm I lI“%Q)r 455

connected to its own outpu )
outputs a pul se,pavi ng t tal 46 SW. e, & X f475e RE480 I 488 hi gh
f requency osci | AN, SO~ >80 PN Mgl S '
oscillator 450. PBr exanplé

Vi1 O_I

VIN, V1,
530 7530 530

Dhas =TszsjI [ 525 ]rszsj s
P Bké ]- T; 1; 1; T;

515 F515 515 515 515

b—V6 -v5 __Jb—V4 h-vs - v2
520 520 520
510 505 490

- 788
v1vsvs ‘ V6
530 F550 5 0 s:so 530

| R |
FI' i 1 I
525 Lo [ 5057] 52570 s525]
FIG. 22 |

V7_{ 530" 530 '{ 530
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| ow frequency oscillator 450 is equal to three mlliseconds and _the period
of the hi gh Wosgm0e87y oscillator 455 is equal to twelve ni crosggyﬂﬂgé,“ﬁ?e
hi gh frequency oscillator 455 outputs a pul se having a six m crosecond

duration once every three mlliseconds. - - Fi gure 22 shows the | ow
frequency oscillator circuit 450 in norgq/2getail. The |ow frequency
oscillator circuit 450 is shown as a ring oscillator circuit conprising
an odd nunber of inverters 460-510 coupl ed WD 96/ 13037

PCT/ US95/ 13235 -42- in a

f eedback configuration. Specifically, inverters 460-510 are coupled in
series, and the output of inverter 510 is fed back as the input Zj(Pd)nverter

460. There may be nore or less inverters, dep

frequency of oscillation. The out put obeﬁﬂﬁﬁ Lﬁ# uency '
oscillator circuit 450 is the output of the The ppgpski ve
rail. of each inverter is coupled to the ,,__,/

. VCC < ViR
INITIALIZE 3. .'Sv 5v VCC
LEVEL DETECTOR;
INITIALIZE CURRENT SOURCE
AND PULSE GENERATOR;
ENABLE INTERNAL POWER
SUPPLIES

' _—2410

VCC > Virip:
DISABLE 3.3v/5v VCC
LEVEL DETECTOR;
DISABLE INTERNAL POWER

SUPPLIES;
ENABLE PULSE GENERATOR
| v 2415
PULSE RECEIVED
2425 2420
INTERNAL POWER NO

SUPPLIES CHARGE
WORDLINE SWITCHES

YES 2430
/—

SET IDSV HIGH;
DISABLE INTERNAL POWER
SUPPLIES;
EXTERNAL POWER SUPPLY
CHARGES WORDLINE SWITCHES

— 2435
FIG. 23A (&N puse )
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operating supply voltage VCC via a correspondi ng pair of p-channel FETs
515 and 520. woesnges?e of each FET 515 is coupled to receive t hBCHESRA323S
signal, which biases the FET 515 to act as weak pull-up devices. Thus, the
positive rails of the inverters are charged slowy and require little
current. The FETs 520 act as cascode dey ? Lthat isolate the positive

ing

rails of the inverters fromthe opera supply vol tage VCC when the
voltage  at the gate of the FET 520 is logic high. Each of the FETs 520
is controlled i ndependently of the other FETs 520. Cenerally, the gates
of the FETs 520 are controlled by the g4 23 f the inverter that is one
nore than one- hal f the total O O~ ers down the chain from

t he output of the correspond R@WERerUEr For exanple, the FET 520

coupled to the inverter 460 ha s—gat+€ voltage controlled by the

out put of inverter 490, mhereln the FET 520 coupLZ&sﬁb the inverter 465
has-its gate vol tage inverter 495,

arly coupled to

a n- chmg gzg,;xgq m The|gates of FETs 525
e NBIAS si g| q?E f.he FET$ 525 operate as
S. AP E b‘% tr¢lled i ndependent |y

system ground VSS vi
are all coupled to t
weak pul |l -down devic

of the other FETs 530 n e FEJs 530 are
controlled by the outfput DE sone frore than one- hal f
the total nunber of ijnver i he|out put of the

pled to the inverter
nverter 490, wherein
ol tage control |l ed by

correspondi ng i nvertey.
460 -has its gate voltageﬁ@ﬂat
the FET 530 coupled t0T s
the output of inverter 495.

kD \4
Eum&v bVPPheDS[Eg[@Rof i

VCC > VIRIP
2465 r 2470
NO ['sElECT INTERNAL|
SUPPLIES
YES 2475

SELECT EXTERNAL VCC

2480 ya 2485
NO | SELECT INTERNAL
SUPPLIES
YES _ 2490
. //’

SELECT EXTERNAL VPP

(e )
FIG. 23B
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One advant age of biasing the pull-up and pull-down devices (FETs 515 and
525) of the oscillators to be in the subthreshold region is that the
frequency of the oscillators tends to ip8i/e2age with tenperature. This
shoul d be contrasted with pull-up and pull-down devices that are biased

to operate in the saturated region, wherein the frequency of the oscillator
tends to decrease with tenperature. The | eakage current of the wordline
switches 23 also tends to increase wth tenperature, and the increased
frequency of the oscillators allows the wordline switches 23 to be

mai nt ai ned at approximately five volts. The cascode devi ces 520
and 530 coupled to the rails of each inverter help to ensure that no
conduction path is provided between . VCC and VSS. Wierein it is possible

t hat t he p-channel and n-channel FETs (not shown) of the inverters may be
swi t ched on sinultaneously for a short period of time when the inverter
transitions fromone state to

. 2500
(iPOWER UP

'l 2505
VCC < VTRIP:

INITIALIZE 3.3v/5v VCC
LEVEL DETECTOR

l 2510

VCC > VIRIP:
DISABLE 3.3v/S5v VCC
LEVEL DETECTOR

l 2515
(:_ END ;)

FIG. 24A
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anot her, the cascode devices 520 and 530 effectively elimnminate any
conduction path between VCC and VSS because either VCC or VSS is

decoupl ed frngga@uhaverter. It is also possible for the casco 51555
520 and 530 to be switched on sinmultaneously when the output of the
controlling inverter transitions fromone state to another; however, the
inverter for which the FETs 520 and 53024g¢34 as cascode devices is in the
steady state such that no conduction path between VCC and VSS ari ses.

The period of a ring oscillator is equal to the twice the product of = the

total nunber of inverters and the propagation delay for an inverter. For
one enbodi nent, the |low frequency oscillator 450 i's selected to have a
period of three mlliseconds. Returning to Figure 21, the output

of the low frequency oscillator 450 is provided to enable the high
frequency oscillator 455. The high frequency oscill’ator 455 may be a ring
oscifllator simlar to that shown in Fi gure Zz,ﬁzgégpin the period is
defined to be nuch smaller than that of t he guency oscill ator 455.
The period of the high frequency OSCi may be, for exanple,

twel ve m croseconds. The high VO X
PCT/ US95/ 13235 '

VCC < VIRIP:
INITIALIZE 3.3v/5v VCC
LEVEL DETECTOR
ENABLE INTERNAL Sv
POWER SUPPLY

l ~ 2530

VCC > VIRIP:
DISABLE Sv INTERNAL SUPPLY;
ENABLE STAND-BY SUPPLY

2535
NO

YES 2540
e .

SET IDSV HIGH;
DISABLE INTERNAL STAND-BY
POWER SUPPLY;
EXTERNAL POWER SUPPLY
CHARGES WORDLINE SWITCHES

2445

.
FIG. 24B
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-44- frequency oscillator 455 is enabled to begin operation when the

out putl#ﬂﬂﬂ]&lﬂjmﬂwm uency oscillator 450 goes high. The output of the
hi gh SR 0e imingat or 455 is fed back to the input of the high
frequency oscil'lal or® 455 so that the hi gh frequency oscillator 455 may_he

di sabl ed when t he output of the high freaguency oscill aqFeF&E55 = |t
In this manner, a single pulse having a duration of h 1“5ﬁ¥éﬁﬁﬁ£ﬁi#@gﬁr

the smal | eriod oscillator is generated at the once eyery |arge Finefl.
In the for eg&ﬁ@—éﬁe@kﬁ% he invention has been de &at%e&-&--%\@?n@@ﬂ"
reference to specific exenplary enbodi nents thereof. It wrrt, however, be
evi dent that_vari us.n%difi atd ons._and changes,.may be made thereto

wi t hout depa}finggPr&HIFﬁEa%FgaﬁéchﬁirFngn&séggﬁe of the i nvention as
set forth in the apfémeédcdiraiuit.; The specification and draw ngs are,

accordingly, to bg regardeddnfitdy | #8br AdwSLiry Neb (dakirsheSéktLh¥E
sense. WO 96/ 13037 PCT/US95/ 13235
supply voltage;

a second conductor for coupling to a second external
supply voltage;

a first internal supply operative to output a first
internal supply voltage;

a second internal éupply operativé to output a second
internal supply voltage;

a first switch coupled between the first conductor and
the first circuit;

a second switch coupled between the second conductor
and the first circuit; ,

a third switch coupled between the first internal
supply and the first circuit;

a fourth switch coupled between the second internal
supply and the first circuit; and

a control circuit coupled to the switches, the control
circuit selectively switching on only one of the first and
third switches in response to the voltage level of the
first external supply voltage and selectively switching on
only one of the second and fourth switches in response to
the voltage level of the second external supply voltage.

2. The integrated circuit of claim 1, wherein the means
further comprises:

a first voltage detection circuit for coupling to the
first extermal supply voltage, the first voltage detection
circuit being operative to output a first .signal indicating
whether the first external supply voltage exceeds a first
threshold voltage, wherein the control circuit switches the

first switch on and the third switch off if the first
signal indicates that the first external supply voltage
exceeds the first threshold voltage; and

b
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- 45- Ms clained is: 1. An integrated circuit,

conp a first conductor coupled to a firstexteraab-suppty .
vol tageHm,I ””’,’Hﬂl’ nd conductor coupled to a second §xkEriralcisEppbpes: |
voel t age;* i nternal power supply coupled t d the first t
conduct or for providing a firs2 tnternal suppIyDateI tZlBeNHV 397
first voltage | evel I n response to the first éxEerFra

vol t age; a second i nt ernal _power  supply coupled to the second
conduct or a seqond preliagagdetectrl FhTERHEI EStipFPYPYoRgaie &P
seisond second volbk@gl@-nb&vel shﬁpl?rs] panﬂe:atgb é hgtﬁécorﬁécﬁ)ﬁ&r ng’ol&u@@ y

vol t age; ura sw t ches cou ef ween_t he conduct or

and det%%ﬁﬁi .?&f%ﬁ?%a??+§9 ?p?ﬁ%t+% ?a?%%pgngU|FcoaﬁdsﬁgPﬁéen

t he indigeteingnl wosehesuppheées sanndheeKEﬁahaingsupp&m t mplsRgehe
ntegraled Cidgildds a second 'thRlsHeOld agB1dsl %h&i-éfﬁ“ (e U

the first conductor fo gu | ng fl
i ndi cat es V\hé‘{%‘é?u%q"lé"ﬂ?%lﬁe%x'ﬁ]é? n%‘Pcon switcCh °§uﬁ’ﬁ$iyt1?8I tfﬁ‘b}é'tlhs sy toke

first voltaggdeviet ;the secondas$ amdmaht:aeesdehaet ﬁhersée:bhH esdtelred 10f
t he second conduct or Omé’”“'é]gchres colnéi n t hat

i ndi cat es whét ¥ i agh f£xceeds Seie  decon Anale |

3. A nonvolatile memory device comprising:

an array of memory cells;

a first conductor for —coupling to an external
operating supply voltage;

a second conductor for coupling to an external
programming supply voltage;

a first internal supply operative to output an
internal operating supply voltage;

a second internal supply operative to output an
internal programming supply voltage;

a first switch coupled between the first conductor and
the array of memory cells;

a second switch coupled between the second conductor
"and the array of memory cells;

a third switch coupled between the first internal
supply and the array of memory cells;

a fourth switch coupled between the second internal
supply and the array of memory cells; and

a control circuit coupled to the switches, the control
circuit for switching on a one of the first and third
switches in response to the voltage level of the external
operating supply voltage, and for switching on a one of the
second and- fourth switches in response to the voltage level
of the external programming supply voltage.

4. The nonvolatile memory device of claim 3, further

3 R
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ext_ef_nal supply voltage is at the second voltage |evel; a control

ci rcui es the control circuit for cont [ChERIAGEMENT SHEET
sw tchgﬂlg«m&“ coupl e either the first conductgr or the

[aowesr supply to remaining-c3reuitry of t eDme .2.9..NOV..1881...
|ntegrated circuit in response to the first signal, andts

controlling the switches to selectively couple ei ther the second
conduct or or COHPIIEIREF | nt ernal power supply to the remai ni ng

circuitry of the iahtfenrsd edottagei HetBetesAORIRCUAL! DY coupmg%taSaaé
PCT/ US95/ 13235

second si gnal®; qﬁﬁﬁ%%r1??ﬁ???&%%ra?gﬁpéyrcdngtageForﬁ&f(N;%FSt voltage
single sem cdmheccibomrsmma:mte bengoperaAmen\ml autpatnenof yrsgeveignal

Conpr|5|ng indicating whether the external operating supply voltage
exceeds a first threshold voltage, wherein the control
circuit switches the first switch on and the third switch
off if the first signal indicates that the external
operating -supply voltage exceeds the first threshold

J

voltage; and

second voltage detection circuit for coupling to the
external programming suppiy voltage, the second voltage
detection circuit being operative to output a second signal
indicating whether the external programming supply voltage
exceeds a second threshold voltage, wherein the control
circuit switches the second switch on and the fourth switch
off if the second signal indicates that the external
programming supply voltage exceeds the second threshold
voltage.

5. A nonvolatile memory device comprising:

a first conductor coupled to an external operating
supply voltage;

a first switch coupled between the first conductor and
an array of memory cells;

a second conductor coupled to an external programming
supply voltage;

a second switch coupled between the second conductor
and the array of memory cells;

a first internal power supply for providing an
1nternal operating supply voltage at a first voltage level;

a third switch coupled between the first internal
supply and the array of memory cells;

a second internal power supply for providing an
internal programming supply voltage at a second voltage
level;

1
i
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a first conductor_coupted—to an external operating supply voltage, e

a -second e d to an external programm ng su} NT SHEET
voltage;,,mmr'[ﬂ'l"wntﬁ i nternal power supply for prodi n‘gACaEani:'nternal \
cC . L M s ; .
y .NUV...

t
oper at i ng* pply voltage at a first voltage
second internal power supply for providingdan internal

.......
e e

programm ng supply voltage at a second voltage |evel; a plurality
of sw tches coupl ed between the conductors and r emai_ni ng
circuitry of the isnt Egpithd ikqh t coupdepethRiviegmethe second intgraad,
power suppli @uppdr iR e gy GF Gbdddy Helis i ntegrated

circuit; a_first vpltage detector circuit coupled to e firs
conduct or for a first V‘Bg{:ﬁggt fiﬁ'ﬁe&%PFr SEr&YGral© “]’éte‘fn%?cgggsf&ﬁé’ her
the first exteandalctor for outpsipihyg val t &iest s asigrdle fthadt voldtiagtes

| evel ; e d P:Qﬁd e CJ T g o] i Qe o
conduct or w1.1et1?ers EBEO#’%% pu i%%?agelggndg‘g#%%gl %?%ﬁd?’%at%g e
whet her the Sdastd voltage level pxternal supply voltage is at the second

vol tage |evel; a sec&ﬁ%])’cé%' RSB FOMRi&iE 2 cRhuplald t Wfof the
nonvol atil e menory ﬁs S arranged in_a I’T’B.tl’lé of .rowiI anglﬁt

col ums; second, GRRFUFLRT r HPF CBBPPRETIRIt hd f PPEPRANS48R8d T8 age
det ect or indicates cwhethes euifé t extaenal mmgx,antdimgcosmEJplycwmmiagef or
controlling is at the seég}?d s‘yg#%ebe%sifeovesiej egld vely couple either the

first conductor “or . : rst I'nternal Eower_ supply to the
menory cel | array & ncontrol circuitsperitpled ttiee thestfirghalandingerond

controlling tha HMd cieedfor circuits andel@ftinee! yufodRes, ethBetohiteol
second conductor or the second | nt er nal pgﬁg;dsu§)vg)ié/cto t he

menory cel | ﬁ’f%}“i% ﬁ@gpoq:g%tycalling the first and hes to
couple the first conductor to the array of memory cells and

to decouple the first internal power supply from the array
of memory cells if the external operating supply voltage is
at the first voltage level, for controlling the first and
third switches to decouple the first conductor to the array
of memory cells and to couple the first internal power
supply from the array of memory cells if the external
operating supply voltage is less than the first voltage
level, for controlling the second and fourth switches to
couple the second conductor to the array of memory cells
and to decouple the second internal power supply from the
array of memory cells if the external programming supply
voltage is at the second voltage level, and for controlling
the second and fourth switches to decouple the second
conductor to the array of memory cells and to couple the
second internal power supply from the array of memory cells
if the external programming supply voltage is less than the
second voltage level.

6. An integrated circuit comprising:
an array of memory cells;
a conductor coupled to an external supply voltage;
a voltage ramp detector circuit coupled to the first
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conductor for outputting a signal indicating when the
external supply voltage exceeds a ramp voltage;
. an internal power supply operative to output an
internal supply voltage;
a first switch coupled between the first conductor and
the array of memory cells;
a second switch coupled between the first internal
supply and the array of memory cells; and
a control circuit coupled to the switches, the control
circuit for switching on a one of the first and second
switches in response to the voltage level of the external
operating supply voltage, wherein the control circuit
cauges the first switch to initially couple the £first
internal supply to the array of memory cells until the
external operating supply voltage exceeds the ramp voltage,
- and wherein the control circuit thereafter selectively
causes the second switch to couple a one of the external
operating supply voltage and the internal operating supply
voltage to the array of memory cells in response to a
voltage level of the external supply voltage.

7. The integrated circuit of claim 6 further comprising:

a voltage detection circuit coupled to the external
supply voltage, the voltage detection circuit being
operative to output a first signal indicating whether the
external supply voltage exceeds a threshold voltage,
wherein the control circuit switches the first switch on
and the second switch off if the first signal indicates
that the external supply voltage exceeds the threshold
voltage.

!(
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