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MULTI LEVEL FLASH MENMORY FI ELD OF THE | NVENTI ON - The present

I nvention relates generally to voltage regul ati on and nore particularly
to the high accuracy voltage regul ation for " programm ng a nenory cell
that stores nultiple bits of data. BACKGROUND Nonvol atil e

sem conductor nenories use a variety of - sem conductor nenory cell

designs. One type of nenory cell uses an ~l-¢lectrical l y isolated floating
gate to trap charge. A vari et of nmechani sns can be used to_insert
charge into the fl oHl(H PRECISK] LA A REGELATION CIRGUITEEQR 1 on
tunnel ing can be used Iy 1N A HEEYH ASEH MEVFOR of f the

PRO .
floating gate of a rrermryce . el[ectron rnyjection 1s anot her
|Insert| ng charge into a floating gate of a nenory cell.

mechani sm f or
O her nonvol atBIERLSQN THERNYENLION i es use a trapping dielectric to

insert or renbve CHPH&BréddeRRMPerRAT réllfes itiekally 88 voltage zegulation aed |
‘more particularly to the high accuracy voltage regulation for
programming a memory cell that stores multiple bits of data.
BACKGROUND |

Nonvolatile semiconductor memories use a variety of
semiconductor memory cell designs. One type of memory cell uses an
electrically isolated floating gate to trap charge. A variety of mechanisms
can be used to insert chargé into the floating gate and to pull charge from
it. Electron hmneﬁng can be used both to inject charge and to pull charge
off the floating gate of a memory cell. Hot electron injection is another
mechanism for inserting charge into a floating gate of a memory cell.
Other nonvolatile semiconductor memories use a trapping dielectric to
insert or remove charge from between the control gate of a memory cell
and silicon. _

For a memory cell that includes a floating gate, data is stored in the
memory cell by altering the amount of charge on the floating gate, which
causes the threshold voltage V¢ of the memory cell to be varied. A typical
prior art memory cell is capable of achieving one of two possible analog
states, being either "programmed” or "erased.” The analog states of a
memory cell may be exPreSsed as ranges of threshold voltages Vi, cell
currents I4, or charge levels stored on the floating gate. Theoretically, the
flash cell can possess a separate identifiable state for each electron that is
added to the floating gate. Practically speaking, the maximum possible
number of states for a memory cell is limited because of inconsistencies in
memory cell structure, charge loss over time, thermal considerations and
inaccuracies in sensing the charge on the floating gate that affect the ability
to determine the data stored in the memory cell. It is possxble, however,
for the floating gate to achieve more than two analog states. This permits
storage of multiple bits of data in a single memory cell, which is
sometimes called multistate or multilevel storage.




and silicon. For a nenory cell that includes a floating gate, data -
IS storedy menory cell by altering the anmount of ‘?ﬂg t he
floati ngd‘glg[.besy,ﬁ%ﬁi ch causes the threshold vol tage WVt off &s@%y cel |
to be varied. A typical prior art menory cell is capable of achieving

one of two possible anal og states, being either "programred" or

"erased." The analog states of a menory cell nmay be expressed as ranges
of threshold voltages W, cell currents I[err], or charge |evels stored
on the floating gate. Theoretically, t flash cell can possess a-

separate identifiable state for each el®Ctron that is added to the
floating gate. Practically speaking, the maxinum possible nunber of

tat f f t ’ |
cell “structuro. BReaale hedvghliet BF phE e sreotdf B 8 ofidle snearh cen ™Y
i naccur aci dasiseversal mmgeqmceaamgb resp&cn@fprogtamguggtthememoay'fcelit t he
ability Flfstdﬂl"e%’t&ag% Sf 1R 1@ b‘its%eéiﬂ{é?no célP%ré’alf}?teqmrés 4S possible,

Thi s, per m erfow aangs of Vi Volidies for eath Stalp. GLFRETAIAIAS RYEBHASRDry col |
which is thaspbetomes acnohbadt anataas& st We takeh itd ptetxsélprla@aEthe WO
95/ 33232 ~ memory cell into the desrred analog state. Prograrmmng oversft)oo cL)JcSc%%/ 05588 .
when the memory cell is programmed beyond the desired state.
Programming overshoot is typically not a concern for | prior single bit flash
cells because the smgle blt ﬂash cell can aclueve no state beyond the
- programmed state.
' Second, the narrow ranges of threshold voltages V¢ for each state
and the need for accurate placement of states result in the values of the
programmmg voltage levels bemg a critical parameter for accurately
programmmg the memory cell. Typlcally, an external power supply is
used to determine the programmmg voltage levels. The inaccuracy
inherent in most power supphes therefore becomes troublesome. For
example, the programming voltage Vg that is applied to the select gate of a
'memory cell during programming has a one-to-one correspondence to the
final threshold voltage Vi of the memory cell. ‘Any fluctuations in the
programming voltage Vg dunng 2 programming cycle results in
corresponding fluctuations of the threshold voltage Vt, and programming
overshoot can occur.
One method to prov1de accurate programrmng voltage levels is to
use a very high precxsxon power supply, e.g. a power supply havmg al%
setpoint accuracy level. Such power supphes are cost-prohibitive,
however, and another solution would be preferable.




-2- | ncreasing the nunber of bits that are stored in a single
menory cell_- has several consequences with respect to progra
menory cel | WO 95 BIBLL | the storage of multiple bits in a ‘menof m’hgﬁ{&&%
typically requires a narrow range of Vt voltages for each state.
"Progranmm ng overshoot™ t hus becomes a concern, =and care nust be taken to
preci sely place the menory cell into the' desi red anal og state.
Programm ng over shoot occurs when the nenory cell is progranmmed beyond
the desired state. - Programm ng overshoof is typically not a concern for
prior single bit flash cells because tTe single bit flash cell can
achi eve no state beyond the programred st ate. Second, the narrow
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programm ng vol ta evels I's
preasxon output voltages are useful for programming multllevel memory
cells. -

These and other objects of the invention are provided for by a
voltage regulation circuit that includes a sample and hold circuit for
sampling an input voltage and for holding a reference voltage generated
in response to the input voltage. The sample and hold circuit includes a
capacitor that holds the reference voltage. The voltage regulation circuit
also includes a regulator circuit coupled to the capacitor of the sample and
hold circuit. ‘The regulator circuit outputs an output voltage using the
reference voltage supplied by the capacitor.

Other objects, fe_atures, and advantages of the present invention will
be apparent from the accompanying drawings and the detailed description
that follows.



use a very high precision power supply, e.g. a power supply having a 1%
set poi nt chracy |evel. Such power supplies are cost-prohjhitly
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PCT/ US95/ 05588 - 3- SUMVARY AND
OBTECTS OF THE | NVENTI ON An object of the present inventionis to
provi de stabl e voltage reference circuitry for use by a voltage

regul ation circuit. Anot her object of the invention is to provide

regul at ed programming voltages for the programm ng of a nenory cell.
Anot her object of the invention is to pfovide voltage regul ation
circuitry that supplies a high precision output voltage that is i ndependent

of variati Whﬁ%wly wherein such high-

preci si on ramm ng. mul-til evel menory
cells. Theepresent! iroténdioncisj ilusirated by avaynof examplaandmasvi ded f or
by a limitation in the figures of the accompanying drawings in which like

references indicate similar elements and in which:
Figure 1 shows a computer system according to one embodlment
Figure 2 shows a sohd state hard drive according to one
- embodiment. - :
Figure 3 shows a nonvolatxle memory devrce 1ndudmg a
programming voltage regulatlon circuit. . -
Figure 4 shows a flash memory cell conﬁgured for programmmg
Figure 5 shows a programming voltage regulation circuit according
to one embodiment. | :
Figure 6 shows an alternahve embodiment for the input circuit of
the programming voltage regulation circuit. _
' - Figure 7 is a timing diagram showing the operation of a
programming voltage regulation circuit.
~ Figure 8 shows an operational amplifier according to one
embodiment.



voltage regulation circuit that includes a sanple and hold circuit for
sanmpling an_input voltage and for holding a reference voltage generated
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capacitor that holds the reference voltage. The voltage regulation circuit
al so includes a regulator circuit coupled-to the capacitor of the sanple
and hold circuit. The regulator circuit outputs an output voltage using

t he reference voltage supplied by the capacitor. Q her objects;
features, and advantages of the present invention wll be apparent from
t he acconpanyi ng drawi ngs and the detaileB-description t-hat foll ows.
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-4- BRI EF_DESCRI PTON CF THE DRAW NGS The present invention is

illustrated YEE G linmitation in the figures of the

acconpanyi ng drawi Figﬁré 1 s 'cbﬁﬁ:uter system of one embodiment. The
computer system generally includes a bus 11, to which may be coupled a

- processor 12, main memory 14, static memory 16, mass storage device 17,

and integrated circuit controller 18. Static memory 16 may include a flash
electrically eraseable programmable read only memory ("flash EEPROM")
or other nonvolatile memory device that stores multiple bits of data per
cell. Similarly, mass storage device 17 may be a solid state hard drive 17
using multiple bit per cell nonvolatile memory devices for storing data.
The solid state hard drive 17 emulates standard IDE hardware and BIOS-
equipped systems and uses an industry standard AT-Attachment Interface
for Disk Drives (ATA) command such that no software drivers are
required. In this manner, the solid state hard drive 17 appears as a
magnetic hard disk drive to the computer system, but the solid state disk
drive 17 has reduced thickness and weight compared to typical magnetic
hard disk drives which makes the solid state disk dnve especially useful
for mobile computers.

Integrated circuit cards 19 and 20 may be included in the computer
system and are coupled to a Personal Computer Memory Card Industry
(PCMCIA) bus 26. PCMCIA bus 26 is coupled to bus 11 and to integrated
circuit (IC) controller 18 for providing communication information
between cards 19 and 20 and the remainder of the computer system. IC
controller 18 provides control and address information to IC cards 19 and
20 via PCMCIA bus 26 and is coupled to bus 11. The IC cards 19 and 20 may
be memory cards that include multxple bit per cell nonvolatile memory
devices for storing data. ,

The computer system may further include a dxsplay device 21, a
keyboard 22, a cursor control device 23, a hard copy device, and a sound

- sampling device 25. The specific configuration of the computer system is
- determined by the particular applications for which the computer system
is to be used. For example, the computer system of Figure 1 may be a
personal digital assistant (PDA), a pen-based computer system, a
mainframe computer, or a personal computer.




references indicate simlar elenents and i n which: Figure 1 shows a-
conputer system according to one enbodi nent. Figure 2 shows a solid
state har'MO&FB332 according to one  enbodinent. FiRET/ES98/08888 s a -
nonvol atil e menory device including a programm ng vol tage regul ation
circuit. Figure 4 shows a flash nenory cell configured for

pr ogranmm ng. Figure 5 shows a programmi ng vol t age regul ati on
circuit according to one enbodi nent. Figure 6 shows an alternative
enbodi nent for the input circuit of the programm ng voltage regul ation
circuit. - Figure 7 is a tim ng-éagram show ng the operation of a
programmi ng vol tage regul ation circuit. Fi gure 8 shows an

operational anplifier-according to one enbodinment. WO 95/ 33232
, PCT/ US95/ 05588 Figure 2 shows the mass storage device in greater detail. Mass

storage device 17 is shown as a solid state hard drive that includes a
nonvolatile memory device 30 for storing information. The memory
device 30 includes an array of memory cells (not shown), wherein each
meniory cell is capable of being in two or more analog states. A system
power supply 35 prov_ides_-r_egﬁlet_ed operating voltages. to the solid state
hard drive 17. The system power supply 35 is shown as having a 3.3 volt
output at +/- 10% accuracy In addition. to the memory device 30, the solid
state hard drive 17 includes 3.3 volt components 37, ‘which receive their
operating voltage from the system power supply 35, and 5.0 volt

- components 38 which may also receive their operating voltage from the
system power supply 35. As shown, however, the 5.0 volt components 38
receive their operating voltage from a DC-to-DC converter 39, which is
coupled to the system power supply 35 for outputtmg various voltages to
the memory device 30.

_ The supply pins of the DC-to-DC converter 39 include a VCC pin, a
VPP pin, a VR pin, and a 5v pin. Each of the supply pins is internally
connected to circuitry of the DC-to-DC converter 39 that is isolated from
the circuitry of every other supply pin. In this manner, the supply pins are
decoupled frdm one another, and the noise resulting from activity at the
load of another supply pin is reduced. Thus, the DC-to-DC converter 39
may be eqmvalently provided as four separate DC-to-DC converters, each
having one supply pin. '

With the exception of the I/ 0 cxrcmtry, whxch operates at 3.3 volts,
the memory device 30 has an operating voltage _VCC_ of 5.25 volts at +/-
2%. The operating voltage VCC is used by the memory device 30 for all
read operations, and may be used by the 5.0 volt compon_ehts 38.
Preferably, however, the VCC supply pin of the DC-to-DC converter 39

_provides power only to the memory device 30 such that the noise and load
of the DC-to-DC converter 39 is reduced. The output of the 5v supply pm '
is 5.0 volts. : -

The DC-to-DC converter also supphes a programmmg voltage VPP

of 12.0 volts at +/- 2% to a programming voltage regulation circuit 45 of



-5- DETAI LED DESCRI PTI ON Figure 1 shows a conmputer system of one
enbodi ment. The conputer systemgenerally includes a bus 11, to which may
be coupl ed avopsmIsssor 12, main nenory 14, static menory 16, PCHESISOSSEBAgE
device 17, and integrated circuit controller 18. Static nmenory 16 may
include a flash electrically eraseable progranmable read only nmenory
("flash EEPROM') or other nonvol atile nenory device that stores nultiple
bits of data per <cell. Simlarly, nmass storage device 17 may be a solid
state hard drive 17 using mul‘tiple bit per cell nonvolatile memory devices
for storing data. The solid state hard drfwe 17 enul ates standard | DE

har dwar e and Bl OS-. equipped systens and uses an industry standard

AT- Attachnment Interface "for. Disk Drives (ATA) command such that no
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to bus 11. Thendn¥olatilésmémorpdel) Thy precision provided by the programming

voltage regulation circuit 45 is especially useful when programming a
memory cell that is capable of achieving 3 or more states, i.e. a memory
cell that stores more than one bit of data. IC cards 19 and 20 may have an
architecture similar to that of the solid state hard drive 17.

Figure 3 shows the memory device in greater detail. Memory
device 30, which is fabricated on a singlé semiconductor substrate, includes
memory array 50, X decoder 52, Y decoder 54, sensing circuitry 56, reference
array 58, control engine 60, voltage switch 62, command interface 64 and
programming regulahon circuit 45, which operates as described below.

" Users provide addresses to the memory device 30 via address lines
66 and receive data from the memory device 30 via data lines 68. Memory
device 30 stores data using nonvolatile memory cells within memory

~array 50. The threshold voltages of the nonvolatile memory cells can be
altered during programming, thus permitting storage of analog voltage
levels. Memory array 50 may include any type of memory cell with
programmable ﬂueéhold voltages, such as memory cells with trapping
dielectrics or floating gates. In one embodiment, memory array 50 is
comprised of flash memory cells that each are capable of achieving two or
more analog states.

To read data stored in the memory array 50, X decoder 52 and Y

" decoder 54 select a number of memory cells of the memory array 50 in
response to a usér-proirided address received via address lines 66. X
decoder 52 selects the appropriate row within memory array 50. For this
reason, X decoder 52 is also called row decoder 52. Similarly, Y decoder 54




be nenory cards that include nultiple bit per cell nonvolatile nenory
devices for_ storing data. . The conmputer systemmay further include a
di spl ay aXQ VBB "4 keyboard 22, a cursor control device PORUSSM3388 copy

~ device, and a sound sanpling device 25. The spécific configuration of the °
conputer systemis determned by the particular applications for which the

conputer system is to be used. For exanple, the conputer system of Figure
1 may be a personal digital assistant (PDA), a pen-based conputer system.
a mainfranme conputer, or a personal ccg:r‘puter. WO 95/ 33232 :

PCT/ US95/ 05588 : - - 6- Figure
2 shows the nmass storage device in greater detail. Mass storage device 17

dovi co. 30" bR benp ShRaRSelnfin Wi ThelnBl) 490, 0. BABURARS T o ay
of menory &emdtion, YodeeaderPi, isalser ealledecolumn decasley Sdel | is capabl e of being
in two or nore ghRgh Bﬂtﬁi@&@ﬁ\ m@rxﬁ*ytﬁ{’%y 50 is coupléd to Y decoder 54,

_ wluch passes the data on to sensing circuitry 56. Sensxng cxrcultry 56
compares the states of the selected memory cells to the states of referenoe
cells of reference cell array 58 Sensing c1rcu1try 56 mcludes differential
comparators that output digital loglc voltage levels in response to the
comparisons between memory cells and reference cells. In this manner,
the analog states of the memory cells are expressed and output as dlgrtal
data. :

For an embodunent of memory dev1ce 30 control engxne 60
controls the erasure and programrmng of memory array 50. Control

~ engine 60 also_controls the _programming of mulhlevel cells. For one
embodiment, control engme 60 includes a processor that is controlled by

" microcode stored in on-chip memory. The particular 1mplementat10n of
control engme 60 does not affect the present high precision voltage
regulatlon c1rcu1try :

Control engine 60 manages memory array 50 v1a control of row

_ decoder 52, column decoder 54, sensing circuitry 56, reference cell array 58,

~ voltage switch 62, and programrmng voltage regulation circuit 45. Voltage
switch 62 controls the various voltage levels necessary to read, and erase
memory array 50, and also supplies a drain voltage VDD for
programming. The programrmng voltage regulahon circuit 45 provrdes
the select gate voltages for programming. |

User commands for readmg, erasure, and programmmg are
commumcated to control engine 60 via command mterface 64. The
_external user issues commands to command 1nterfaoe 64 via three control
pins: output enable OEB, write enable WEB, and chip enable CEB.
| 'Figure 4 shows a flash memory cell configured for programming.

 The flash memory cell 70 includes select gate 71, whxch is connected to a
programming voltage VG. A typical programmmg voltage Vg for prior
flash memory cells is 12.0 volts supplied by a programming supply VPP.
The flash memory cell 70 also includes floating gate 72, a source 73, and a




power supply 35 provides regul ated operating voltages to the solid state

hard drive syst em power supply 35 is shown as having

aut put at ij 15&9§écura0y In addition to the nmenory device gg."%?ﬁse soﬁtld
state hard drive 17 includes 3.3 volt conponents 37, which receive their
operating voltage fromthe system power supply 35, and 5.0 vol t

conponents 38 which may al so receive their operating voltage fromthe
syst-em power supply 35. As shown, however, the . 5.0 volt conponents 38

receive their operating voltage froma DC to-DC converter 39, which is
coupled to the system power supply 35 for’ outputting various voltages to
the menory device 30. The supply p| ns of the DC-to-DC converter 39

pins 15t oA 74 e Fhfisodra 7204 pGF Al B tppRR ot 50

that is isol &bede ovemartyecell essanhaljry aftseasca field aﬁectsmmlgtopl(l’FET'ﬂ this
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resul ti ng fr [ VI r}m | oad anot her, supply pin i s reduce
Thus, the DCf QF‘ttbP m\&\&“ﬁeneq Q/HF’@FﬂWymﬁ igRyfrplasing
separate DC-tch Gﬂrthérﬂcﬁ WZ @awrmm injection.pThe flash menWiriyh t he

excepti on of ui erates 3.3 volts, the menor
devi Ee 30 haég?o Bgﬁéﬁf’ﬁ&%’?{'{ fmg %%“%%’Bt ¥ +/- 2% The g _
oper ati ng vol t age Affolying dmeapr@anunmganohqgeiy‘q toetleOselent galté 71 isweitthes
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however , the gb pl n to- verter provi
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converter 39 "verticalfuglectricliield betwebn he stibstpatest5oand the Hoatinggate V2] t s.
Electron flow in the vertical electric field is depicted as an arrow having its
head at floating gate 72 and its tail at substrate 75. This substantially shows
the direction of electron flow in the vertical electric field. As shown, the
source 73 is coupled to system ground VSS, and the drain 74 is coupled to a
drain voltage VDD. The difference in potential between the drain 74 and
the source 73 creates a "horizontal" electric field that accelerates electrons
from the source 73 across the channel towards the drain 74. For one
embodiment, it is sufficient for VDD to be 5-7 volts greater than the
voltage at source 73. Electron flow in the horizontal electric field is shown
as an arrow havmg its head at drain 74 and its tail at source 73. This
substantially shows the direction of electron flow across the channel. The
accelerated or "hot" electrons collide with the lattice structure of the
substrate 75, and some of the hot electrons are swept onto the floating gate
by the vertical electric field. In this manner, the amount of charge stored
on the floating gate may be increased. |

The control engine 60 controls the apphcanon of voltages to the
flash memory cell using one or more "programming pulses" to program
the flash memory cell. A programming pulse is a fixed length of time
during which the programming voltage VG and the drain voltage VDD
are applied. A "programming cycle” is a maximum time allowed by a
particular programming algorithm to program a flash memory cell.
Several programming pulses are typlcally included in a single
programming cycle.



The DC-to-DC converter also supplies a progranmm ng voltage VPP of 12.0
volts at +/-2%to a progranm ng voltage regulation circuit 45 of WO
95/ 33232 wo 95/33232 PCTfUR0S/%3ks 05588
-7- the nenory device 30. Alternatively, as shown by dashed |ines, the
DC- to-DC converter may output a stable reference voltage VR of 11.0

vol ts at 0.5-19% accuracy. The stable reference voltage VR supply pin is
a. | ow power supply pin that is able to supply a limted anmunt of
current. As described - below, the programm ng voltage regulation circuit
45 receives an input vol t age and prag.des an output voltage that is

| ndependent of the input vol tage supply. The input voltage may be either
VPP or VR, and the out put voltage may be used as a progranmmi ng vol tage

for programi niFigure Bauhotsd iprégrmiming volth e“fbgtﬂﬁheﬁlclrc@lilt accorditgd by the
or ogr i 1 9pe &%ﬁi’@eﬁ& Tﬁ‘? sl ollgd SRRTAN, s TRE B S oo
i .e. a nersed to pravide laaprogwnaungordtagea‘vlcctoetheseleot gatetof a remenyds 19 and
20 ~my  hav@liduring programming. ‘The programming voltage regulation circuit
may also be used to supply a source voltage and the drain voltage VDD
during the programming .of the memory cell: The précision provided by
the programming voltage regulation circuit is especially useful wherein -
the memory cell is capable of achieving three or more analog states.
 The programming voltage regulation circtzit"45 includes a sample
and hold circuit 501 that samples an input voltage Vin to generate a-
reference voltage Vref, which the sample and hold circuit 501 holds for the
duration of one full programming cycle. The regulator circuit 503 uses the
reference voltage Vref to supply desired output voltages Vout- According
to one embodiment, the control engine ‘determines when the sample and
hold circuit 501 samples the input voltage Vin and programs the regulator
circuit 503 to output the necessary output voltages for éach programming
pulse of the programming cycle. The input voltage Vin is the
programming voltage VPP, and the output voltage'Vout is the gate voltage
applied to the gates of memory cells for programnung Alternatively, the
input voltage Vin may be the stable reference voltage VR
The sample and hold circuit 501 includes an input circuit 505
coupled to the input voltage Vin, a switch 510 'coupled' to the input circuit
505, and a voltage reference circuit 515 coupled to the switch 510.- The
input circuit 505 is shown as resistors R1 and R2 which are connected in
series between the input voltage Vin and system ground VSS. The switch
510 is shown as n-channel field effect transistor ("FET") N1 havmg its
drain coupled to the input circuit 50_5 at node 506. Thus, the resistors R1
and R2 are configured as a voltage divider for supplying the reference
voltage Vyef to the voltage'-'reference circuit 515 when the switch 510 is
closed. For this embodiment, resistors R1 and R2 are preferably of equal
value such that the reference voltage level Vref is equal to one half of




architecture simlar to that of the solid state hard drive 17

Figure 3 shows the nenory -device in greater detail. Menory devi ce 30,
which is fam0e3232 on a single sem conductor substrate, i ncPCRASISOS58Ory
array 50, X decoder 52, Y decoder 54, sensing circuitry 56, reference
array 58, control engine 60, voltage switch 62, cofm#nd interface 64 and
programm ng regul ation circuit 45,. which operates as descri bed bel ow.
Users provi de addresses to the nenory device 30 via address lines 66 and
receive data fromthe nmenory device 30 via data |lines 68. Menory devi ce
30 stores data using nonvolatile nenory--dtIs within nenory array 50. The
t hreshol d voltages of the nonvolatile nenory cells can be altered during
programm ng, thus permtting storage of anal og voltage | evel s. Menory

array 50 may i ncl Jhe BT Nlisswitcheshon pndeoff injresponsgrtogy sampls enableeshol d
o 55" SRS SRS LSS e L
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celect, 2 nurber Oy BEET 61 i Al dBletent et RIEEe 10 2
t he appr opri arkichdsshownias inslusling a capacitor Glogonnected betavesanthessayweeder 52
is also call ofl FETNAaaRIISystera groufid ¥s5Y WieR $h€ 4®/itch510 is closed, the
| reference voltage Ve provided by the input circuit 505 is coupled to the
voltage reference circuit 515. For this embodiment, the capacitor C1 is
charged to the reference voltage Vref when the switch 510 is closed. The
switch 510 is preferably closed for a sufficient time to ensure charging the
capacitor C1 to Vyes. When the switch 510 opens, decoupling the input
circuit 505 from the voltage reference circuit 510, the capacitor C1 holds the
reference voltage Vyes. The capacitor C1 must be chosen such that it holds
the reference voltage Vrer for the duration of a programming cycle. For
this embodiment, one millisecond is a sufficient amount of time. Further,
the capacitor is preferably very large compared to the equivalent
capacitan'cé for the regulator circuit 503 to reduce the effects of noise
coupled to the capacitor C1 via the regulator circuit 503.

Capacitors discharge over time due to charge leakage and are not.
typically used as voltage references due to their transitory nature. For
programming nonvolatile memory cells, however, the length of time that

- the voltage of a capacitor can remain stable is sufficient to provide a
reference voltage Vyef for an entire programming cycle. The capacitor
must be recharged between programming cycles, which means that the
reference voltage Vyef varies from programming cycle to programming
cycle by the setpoint accuracy of the external supply, but the reference

. voltage Vref is held stable from programming pulse to programming pulse
for each programming cycle. This added stability helps to ensure a more
constant gate voltage and gate step voltage when programming memory
cells, which reduces the possibility of programming overshoot.
' The programming voltage regulation circuit 45 may be used as a
voltage regulation circuit for any application wherein constant regulation
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- PCT/ US95/ 05588 sel ects the appropriate colum within nenory array
50. BecauW@9sB3232s function, Y decoder 54 is also called REMUSISOSES8der 54.
Data output fromnenory array 50 is coupled to Y decoder 54, which passes °
the data on to sensing circuitry 56. Sensing circuitry 56 conpares the
states of the selected nenory cells to the states of reference cells of
reference cell array 58. Sensing circuitry 56 includes differenti al
conparators that output digital logic voltage levels in response to the
conpari sons between nenory cells and +B-erence cells. In this manner, the
anal og states of the nenory cells are expressed and output as digital

dat a. For an enbodi nent of nmenory device 30, control engine 60

control s tisqnatrequiredardd as ingthisrembodiment thevaltageyreference supplied engi ne 60
al so cont rgy hé B?:Plé’ﬂﬁ&'ﬁﬂl&%&ﬁ:m@éd me P%\haed'?af- adiRited HIRGURENT |,

control en ple 6 es a processor, ntro by mcrocode
stored in- Rh\aﬁe regR aﬁ‘&F‘t‘F‘E‘EH‘EF‘WnB? FREPKP-of control engine.
60 does not af fEheé regulatorecimntit 503 is shcmnsasancmdmgm opemtioaal on

ci T CUT LTy amplifier 520Uk pFOgaRinfiBid RARIGE A CiRtiPE28OTHp? control of
' operational amplifier 520 is coupled as a noninverting amplifier of a
predefined gain having its positive input coupled to the voltage reference
circuit 515 and its negative input coupled to its oﬁtpu_t via the
programmable resistive divider circuit 525. The programming voltage
supply VPP is the power supply for the operatlonal amphﬁer 520.
The programmable resistive divider circuit 530 includes resistors
R3-Rk connected in series between the output of the operational amplifier
525 and system ground VSS such that a plurality of nodes are defined, one
-each between the output of the operational amplifier 525 and resistor R3
and between each resistor. A plurality of n-channel FETs N2-Nk have
their drains coupled to a corresponding one of the nodes and their sources
coupled to a common output node for providing the output voltage Vout.
The FETs N2-Nk act as switches in response to control voltages supplied at
the gates of the FETs. The control voltages are supplied by a control
engine which controls the output voltage Vout durmg programming
according to the exact placement algorithm descnbed above. Preferably,
~only one of the FETs N2-Nk may be switched on at any one time. The
resistors R3-Rk are preferably of equal value to provide a range of output
voltages Vout that are incremented in equal steps. The maximum voltage
Vmax, the minimum voltage Vmin, and the step size are preferably chosen
to provide the values required by the particular progra’n_iming algorithm
employed.- For this embodiment, the range of voltages for Vout is from 2.7
-volts to 10.8 volts in 20 millivolt steps. Thus, the voltage directly at the
output of the operational amplifier is equal to 10 8 volts, and the voltage at
resistor Rk is equal to 2.7 volts. The negative input of the operational
amplifier 520 is therefore actually coupled to the programmable resistive
divider circuit 525 at a different tap point than shown. A "tap point" is a
node between resistors in the resistive divider circuit 525.




decoder 52, colum decoder 54, sensing circuitry 56, reference cell array
vol ta h and programm ng vol tage regul ation ' ?
VoI t age Wq%# %@ cont rol s-t:he various voltage level s neceg'é&t#%’?)s% sead,
and erase nmenory array 50, and al so supplies a drain voltage VDD for
programmi ng. The programm ng vol tage regul ation circuit 45 provides the
sel ect gate voltages for progranm ng. User commands for reading,
erasure, and programm ng are comrunicated to control engine 60 via comand
interface 64. The external user |ssue§déonnands to command interface 64

vi.a three control pins: output enable B, wite enable WEB, and chip
enabl e CEB. Figure 4 shows a flash nmenory cell conflgured for

i ng. The £.l ash | 70, | ud t te 71. wh .
SR TIIG 4= W R A e e R L A
for prior fl'ﬁzdnem:ndlmenebfﬁxem .dircuit 585 shmglesehelngpwtmo@lmmmg supply
VPP The 1 35k R cceldnrtd s, SMIPLERE SAPLEY) oHi0l PRECHEBSGY © 73

and a
PCT/ US95/ 0558@wn as controlling the operation of the input circuit 505 via 51gnal lines

605, 610, and 615 respectively. The control signals are provided by the
control engine (not shown), the operation of which is described in more
detail below. The SMPLEN signal controls a level shifter 620 for switching
the FET N1 of the switching circuit 510 on and off. When the HOLD signal
is a logic high (active), the level shifter 620 outputs a high voltage signal to

- the gate of FET N1, switching the FET on such that the capacitor C1.is
coupled to the input circuit 505 at node 506.

The SAMPLEB signal controls a level shifter 625 for sw1tchmg p-
channel FET TP1 and n-channel FET TN1 on and off. The level shifter 625
has a single output such that only one of the FETs is on at any given time.
When SAMPLEB is logic high (inactive) FET TP1 is switched off and FET
TN1 is switched on. When SAMPLEB is logic low (active) FET TP1 is
switched on and FET TNI1 is switched off. _ :

The PRECHGB signal controls a level shifter 630 for switching p-
channel FET TP2 and n-channel FET TN1 on and off. Level shifter 630 has
complementary outputs, wherein the noninverted output is coupled to
the gate of FET TP2 and the inverted output is coupled to the gate of TN2.
Thus, FETs TP2 and TN2 are either both on or both off. When PRECHGB
is logic high (inactive) both FETs TP2 and TN2 are off. When PRECHGB is
logic low (active) both FETs TP2 and TN2 are on. Each of the level shifters
620, 625 and 630 are supplied by the VPP supply. The noninverting
outputs output a voltage approximately equal to VPP when the input
control signal is a logic high, and the inverting outputs output the same
voltage when the input control signal is a logic low.

The resistors R1 and R2 provide the reference voltage Vrer at the -
node 506 when the SAMPLEB signal is active low. As described .
previously, resistor R1 is preferably equal to resistor R2 such that Vres is
equai to one-half VPP. The resistor R2 is connected between node 506 and
‘system ground VSS such that the drain of the switch FET N1 is pulled



drain 74, wherein the source 73 and the drain 74 are formed in substrate
75. The nmenory cell essentially acts as a field effect transistor ("FET")
having a MR&HA2] voltage Vt that is variable according t BCTNSIHSt of
charge stored on the floating gate 72. The primary nmechani smfor placing
charge on the floating gate 72 is hot electron injection. The flash nenory
.cell 70 is capable of achieving two or nore anal og states. ~Appl ying
the programming voltage VG to the select gate 71 sw tches the FET of the
flash nenory cell on, causing current to flow fromthe drain 74 to the
source 73. The progranm ng vol tage VGafso creates a  "vertical" electric
field between the substrate 75 and the floatlng gate 72. El ectron flow in

the vertic electric field js depicte r it "head at
floating g&OWT 3o sKstem grqund w; sﬁfﬁ’i&% H’%@ﬂﬂﬁ] #¢ shows
tﬂe di r ect iinactivie kighct This difeetively isblatawctlie capacitoe QT front aﬂydmldﬁ shown,
the sour J.S
coupl ed to?leolz:}'g‘#al n g@#ﬁ& @%W%ﬂ%gren%uﬁggﬁé%ﬁg ﬁ%ab T Wen the
drain 74 afhe inputecizanit 505 aadctheam&haﬁmqorl zontal " electric field that
accel erates el e?—éﬁ&iﬁlel FE@W%&WK%eFo@H&S& i @ircﬁﬁ%f ds the

ar oater § nAMRE PrectApig e capagiter.F vhen g piech el i eon &
el ectric f rpeéthar e tiroult is enabled and dis!ahh’dl imgresp oanPﬂEGHGB4 and its
T, o 0, e 3R e Y ) VPP B g LT,
‘the latti csr@w@c,\fSﬁby@mtqhmg tlsmEE'tl"séﬁl’@ argl TANRjoB danel tﬁmoms the pathect r ons
are swept otsvitétin 'tHé“FE'IQ T ghd. -ﬂm bite FEYS' TP hnd ' 17 both hawd theid N thi's
manner, heu srrh'Dalzjtre]ts connected% tﬁéxcr)'rsources and their drains coupled to their
gates. The current produced by the precharge circuit is greater than that
provided by the resistors R1 and R2, and the Capadtor is precharged
| quickly, reducing the total amount of time necessary to charge the
capacitor C1. - : - :
Figure 7 isa ummg diagram showmg the operatxon of the input
circuit 505 in response to the control signals. Initially, the switch 510 is off
and the sample and hold circuit is in an off state. At time t1, the switch
~ 510 is closed when the SAMPLEN signal goes active high.
Simultaneously, both the PRECHGB and the SAMPLEB signals are
asserted active low to increase the rate of charging for the capacitor C1.
This period of precharging is designated as the precharge state for the
sample and h_bld circuit 501. At time t2, the PRECHGB signal goes inactive
high, ending the precharge state and beginning the charge state for the
sample and hold circuit 501. The capacitor is fully charged to the reference
voltage Vres during the charge state. The precharge and charge states
together define the sample state for the sample and hold circuit 501 in
“which the input voltage Vin is sampled. At time t3, all three control
signals go inactive, and the switch 510 is opened, causing the sample and
hold circuit 501 to enter a hold state in which the capacitor holds the
reference voltage V,ef : :
Figure 8 shows an operational amplifier accordmg to one
embodiment. Operational amplifier 520 includes a differential input pair

Pud




on the floating gate may be increased. The control engine 60
controls the application of. voltages to the flash menory cell using one
or nore "pr W@y pul ses” to program the flash menory celcirusdsnssss
progranmm ng pulse is a fixed length of tine during which the progranm ng
voltage VG and the drain voltage VDD are applied. A "programmng cycle
Is a maximumtine all owed by a particul ar programmng al gorithmto

programa flash nenory cell. = Several programmng pul ses are typically
i ncluded in a single progranm ng cycl e. WO+=95/ 33232
PCT/ US95/ 05588 --15-- -10-

Figure 5 shows a programm ng voltage regulation circuit according to one
enbodi nent. The programing voltage regulation circuit my be used to

provi de a pr afrprohanage] RETsOR] 1Vied TP1R20 THesgate lof QP1245 Rofthe@ed@6Rhe  Cel |

during progr 3gji - v, if uhd 88&1%Wtelgm\1’1§)allt%93tﬁee%ale & P11 ¢ Sohitected to
the voltage V. at the negative terminal. As shown in Figure 5, the
positive terminal of operational amplifier 520 is coupled to the capacitor
C1, and the voltage V, is the reference voltage Vres. The voltage V. is the
voltage from the programmable resistive divider circuit 530. P-channel
FET TP10 and acts as a current source for the differential pair when the
operational amplifier 520 is enabled. A complementary pair of enable
signals, OPAMPEN and OPAMPENB are provided by the control engine 60
or other control circuitry for enabling and disabling the operational '
amplifier 520. When the operational amplifier 520 is disabled, the output
node 804 is tri-stated such that the programmable resistive divider circuit
530 may be used with other voltage inputs. _

| P-channel FETs TP13 and TP14 are cascode devices that limit the

voltage at nodes 801 and 802, respectively. Limiting the voltage at node
802 limits the drain-to-source voltage of FET TP12 such that the generation
of hot electrons across the gate of FET TP12 is avoided. Hot electrons
effectively increase the rate at which the capacitor C1 discharges, and such
effects should be avoided to better ensure that the capacitor C1 provides
the reference voltage Vref for the desired period of time.

P-channel FETs TP16-TP19 act as a voltage divider circuit for
providing a biasing voltage to the gates of cascode FETs TP13 and TP14.
The voltage at node 803 is approximately equal to one-fourth of VPP. FETs
TP16-TP19 may be equivalently replaced with resistors. FET TP15
decouples VPP from the FETs TP16-TP19 when the operational amplifier
520 is disabled. :

The output stage of the operational amplifier 520 includes capacitor
C10, and n-channel FETs TN16, TN17, and TP23. FET TN16 is a low
threshold voltage, thick oxide device that isolates the FET TN'17 from the
high voltages at the output node 804. FET TP23 acts as a current source for
the output stage when the operational amplifier 520 is enabled.

Enablement circuitry for the operational amplifier 520 includes n-
channel FETs TN13-TN15 and p-channel FETs TP20-TP22. The



may al so be used to supply a soUrce vol tage and the drain voltage VDD

during the programmng of the menory cell. The precision provided by the
programi Rgoy@sfagpe regul ation circuit is especially usefulpctinogibsass t he
menory cell is capable of achieving three or nore anal og states. The ~

programmi ng vol tage regul ation circuit 45 incl udes a sanple and hol d
circuit 501 that sanples an input voltage V[err]. to generate a reference
vol tage V[err], which the sanple and hold circuit 501 holds for the
duration of one full progranmi ng cycle. The regukator circuit 503 uses the
reference voltage V[err] to supply desijged out put voltages V[err].

According to one enbodinment, the control engine determnm nes when the sanple
and hold circuit 501 -sanpl es the i'nput voltage V[err] and prograns the

regul at or e?&ﬁbﬁal?’gghﬁepﬂmﬁeﬂdlﬂedlmﬁ{éjrmmwgi @.616 é eacPh |
programmi n i ‘npu Inis the
pr ogr ami ng'“ ﬁat“igg‘ M%ﬁ‘&gﬁﬂ%ﬁ?’ ’(eé vol t age
appl i ed t o 520ds disablecd whennthe\OPAMBENsigpaldg logivilowy. and tiee nat ively, the

Sanpl e and SEPYICEND AL 108, lﬁéﬁb'ﬁsﬁ?ﬁﬂ%‘*ﬂg SpstiaRaBtal o (0"

i nput vol t £guseq therFETTRIR,EN15and N2 tai ?@W@eﬂ qffisueh thatiqurerys, and a
vol tage refxgheagaeoﬁu@aubtthamf@mmia@ ahUI'PTfEaﬁﬂATMZ Se@rthdf) FETSTN3 Ci 1 Cui t

The 1 put A0l INIT e SN e bl o REH VR ahd AL 0 20"

n- channel flsalatingftheuutputanedesm f(d!ﬁlsijst)emxlgmund r\éﬁS t Binatlya FETCERR20 ed t o
t he .i nput %uég éuﬁgd
confi gur edq%éW&e‘?%ﬁ W’ | virder EA&% | ng e r ef'erence “fgage Vr ef

upp
to the vol 4R FE §tbﬂﬁéwlt Mé‘h%ltlﬁg tbw%putsne g 80 cfl'Q@ed For
this enmbodivemt Thhgsoﬁipm\dale Mfl@&s&ﬁrﬁeﬂ tké @p@f&ﬁbﬁaﬂ agiplafier 520 is
disabled.

In the foregoing speaﬁcahon, the mventxon has been described
with reference to specific exemplary embodiments. thereof. The
specification and drawings are, accordingly, to be regarded in an
illustrative rather ;th_an a restrictive sense. 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. '




val ue such that the reference voltagetevel Vref is equal to one half of -
VPP. WD 95/ 33232 '
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FET N1 is switched on and | l‘“ ﬁ e to a sanple enable signal
SMPLEN, which is supplied FET N1. The FET N1 is preferably
as small as possible to reduce capaC|t|ve feedt hrough when the FET Nl is
swi tched of f.. The: SMPLEN si gnal is an active high signal. ~The

source of FET N1 is coupled to vol tage reference ( 5 S
shown as including a capacitor Cl conneciéd betwe T N1
and system ground VSS. Wen the switch 510 is cl o '

vol t age V[er&éarow ded by the input circuit 505 is coupred—tro=th ol t age
reference ci 15. For thi's embodi ment, the capacitor Cl is charged to
the reference vol wWhs i @iindEis:t he switch 510 is closed. The switch 510

Is preferably close fficient tinme to .ensure charging the
¢ oK

o{tage regll.iia on circuit, comprising:
~ a sample and hold circuit for sampling an input voltage and for
holding a reference voltage generated in response to the input
voltage, the sample and hold circuit including a capacitor that
holds the reference voltage; and

a regulator circuit coupled to the capacitor of the sample and hold
circuit, the regulator circuit for outplitting an output voltage
using the reference voltage supplied by the capacitor.

2. - The voltage regulation circuit of claim 1, wherein the sample and
hold circuit further comprises:

an input circuit coupled to the input voltage, the input circuit for
generating the reference voltage in response to the input
voltage; _

a switch coupled to the input circuit and the capacitor, the switch for
coupling the input circuit to the capacitor in response to a
control signal when the control signal is in a first state such that
the capacitor is charged to the reference voltage and for
decoupling the input circuit from the capaator when the control
signal is in a second state.

3. The voltage regulation circuit of claim 2, wherem the input circuit
comprises: |

a first resistor coupled to the input voltage;

a second resistor coupled in series with the first resistor to system
ground, wherein the reference voltage is supplied at a node
between the first and second resistors. _

4. = The voltage regulation circuit of claim 3, wherein the input circuit
further comprises: '

a precharge circuit coupled to the node and to a supply voltage, the
precharge circuit for quickly charging the capacitor.

5. The voltage regulation circuit of claim 4, wherein the first resistor is
coupled to the supply voltage in response to a second control signal.

(O



capaC| tor Cl to V[err] When the switch 510 opens, decoupling the input
circuit 505 fromthe voltage reference circuit 510, the capacitor Cl hol ds
‘the refeMn®8393 tage V[err]. The capacitor Cl nust be chBSENSEVRSESE hat it
holds the reference voltage V[err] for the duration of a programm ng
cycle. For this enbodinent, one mllisecond is a .sufficient amount of
time. Further, Thishleetdhﬁaerh lacieds preferably very |arge conpared to the

equi val ent cap e regul ator d Qé (e the effects
of noi se coupl ltor :ClL viat e ACE I'Tcufjit 503.
Capacitors discharge over tine due to-dBarge_Leakay ra-#lot typically
used .as vol'tage references due to their tranS| tory nature. For programm ng
nonvol atil e nenory.cel I's, " however, the | ength of tinme that the voltage of
a capaci t o6. can Thereoltage ragudation cirraitofeglaim §, whereinethe prachargmce vol't age

Vierr] for ciufiis 'cb IHcPfH ﬁ@@ﬁ%l?%l&ge'ﬁhq'e (@ {024 thifdTonbrdl ' echar ged

bet ween pr%?ra yc es h” means t hat reference voltage V[ err]
varies fro ﬁﬂagg‘r anmi ng cycle to programmi ng Cycl e by the setpoint
accuracy of7. t he The! esléage roguldtion kircuithef daine 3 wltereirotheairput] voltdge s hel d
stable fro ramm ng -pul se for each programm ng
cycle. Thi g&%ﬁﬂéﬂﬂ%@%@%ﬁg%ﬁgensme a nore constant gate voltage
and gate sep vmwtmmmwmqumml wherein the reagulaiPlices t he
possi bi | i t)élrgﬁltpé&ggﬁggg ng overshoot. _ The pr ogr ammi ng vol t age :
regul ation circuit s a voIt fion circujt for any
appl i cati on wheP® ?P%'BHQ{Y'Qﬁ Z‘S\ﬂ'gﬁ an ou ut a%osﬁwe Input i &

negative input, wherein the positive input is coupled to receive

the reference: voltage, :
a programmable resistive divider circuit coupled to the output of
the operational amphﬁer, the programmable resistive divider
" dircuit for providing the output voltage in response to the
- output of the operational amplifier and a control signal, wherein
the negative input of the operational amplifier is coupled to the
programmable resistive divider circuit.
9. - The voltage regulation circuit of claim 8, wherein the operational
amplifier includes a p-channel field effect transistor having a gate, the gate
being the positive input. :
10.  The voltage regulauon circuit of claim 8, wherem a first capacitance
of the capacitor is greater than a capacitance for the operational amplifier.
11.  The voltage regulation circuit of claim 8, wherei.n the
programmable resistive divider circuit comprises:
a plurality of resistors coupled in series between the output of the
operational amplifier and system ground; and
a selector circuit coupled to the plurality of resistors, the selector
circuit for selecting a tap point in the plurality of resistors such
~ that the output voltage is output: _ '
12.  In a nonvolatile memory device, a programming voltage regulation
circuit for supplying a gate voltage to program a nonvolatile memory cell,
comprising:
-a sample and hold circuit coupled to an extemal input voltage, the
sample and hold circuit for sampling the external input voltage

R
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PCT/ US95/ 05588 | This Shiét Has Been Replaced ' , -12- I s-not
required. WoosiEs2sn this ' e vol t age ‘erence PCIMISIN0OSs8HY t he
sanple and hold circuit na tg\mow ded for a limted amount of
time, the voltage regul at y be inpl enent ed. -~ The :
regul ator circuit 503 is shown as including an operational - anplifier 520
and a progranmable resistive di-vider. circuit 525.__The —aperatFofia

anplifier 520 is coupled as a noninverting anplii @,rs\QéETaHA@BéBEf ‘ned gain
having its positive input coupl ed to thgowol t age ref WAGEDm rculit 515 and
its negative input coupled to t'S out put vi.a the—prograrfabi e resi stive
divider circuit 525. The programm ng vol tage supply VPP is the power

supply for the operahddophoRlingid teférene@ voltage genétratedingespdndd o thesi stive

the out pﬁ'trﬁ?'Ehg‘o’gg&é‘&t?’%ﬁ%@%?ﬁ’&aﬁé %rf@*@ﬁ@ﬂ@dﬂs f@é@h?ﬁe”-
that a plurality of thatchnlds the seferenne valtage; endh bet ween the out put of the
operational -anplifj %’ulg’c%? ciredit’ @uplédto B?e c%t'&?tdf@ﬁ@ sefiple RRY KlEr - A

plurality of n-chan eI FEIs N2- Nk “haye drajns couplfed t,o a

correspondi ng one oft Brtcﬂ'é}‘%t QBMEm%ﬁ[HrQ ATYMUNG 5 o
out put node for prOVbliagguﬁmgmetrﬂféreu&vm d/bapplied byrthefdapacit@r. Nk act as

switches 1 n {325 POfge ot Goratithir vXﬁlAéggggul%ﬁBRl éx? ifbf claim 12, wherein
the external input voltage is supplied by a regulated power supply.
14. - The programming voltage regulation circuit of claim 13, wherein
the external input voltage is supplied by a static voltage reference.
15. The programming voltage regulation circuit of claim 12, wherein
the sample and hold circuit further comprises:

an input circuit coupled to the input voltage, the input circuit for
generating the reference voltage in response to the input
voltage; '

a switch coupled to the input circuit and the capacitor, the switch for
coupling the input circuit to the capacitor in response to a
control signal when the control signal is in a first state such that
the capacitor is charged to the reference voltage and for
decoupling the input circuit from thé capacitor when the control

o signal is in a second state.
16. The programming voltage regulation circuit of cla1m 15 wherein
the input circuit comprises:

- a first resistor coupled to the external ihput voltage;

a second resistor coupled in series with the first resistor to system
ground, wherein the reference voltage is supplied at a node
between the first and second resistors.

17.  The programming voltage regulation circuit of claim 16, wherein
the input circuit further comprises: :

a precharge circuit coupled to the node and to a supply voltage, the
precharge circuit for quickly charging the capacitor.

* c L M S *



the gates of the FETs. The control voltages are supplied by a control

engi ne which controls the output vol tage V[err] during progranmm.ng

accor di ng wo gspmsgxact placenent al gorithm described above.pcdigfoSihsxgs Y.
only one of the FETs N2-Nk nmay be switched on at any one tine. The
resistors R3-Rk are preferably of equal value to provide a range of out put
vol tages V[err] Tblh&heet&heBeennwmt ed in equal steps. The aximim vol t age

Vlerr], the mni and t he step=sF7¢ brabl y chosen
to provi-de the vgl '
0

by the parti gorithm
enpl oyed. Far this e Fent,” the rangg-of

volts to 10.8 volts in 20 mII|voIt steps Te voltage directly at
the output of the operatlonal anplifier is equal to 10.8 volts, and the

vol tage at |18 eSI'ﬂtefa prégransmisg Yolthge ge Zeguld ﬁthcxchiEofleF@gu YE, Whetéinof t he
ore ot ot 0B e Sl Lo BESAB BRI . ¢
shown. A "tcomiyolisighalis a node:between re5| stors in‘the resistive divi der
ICDIC;'/C BISEBS?(% : » - The/Brog¥aihinitty voltage regulation circuit of claim 18, wherein
e precharge circuit is coupled to the supply voltage in response to a third -

control signal. . : S

20.- The programmmg voltage regulatzon cxrcult of claxm 17, wherem

the input voltage is-equivalent to the supply voltage. _

21.  The programming voltage re‘gulati_on circuit of claim 12, wherein

the regulator circuit comprises: . -

. an operational amplifier having an output a posmve input and a
negative input, wherein the positive input is coupled to receive

~ the reference voltage; _ :

a programmable resistive divider circuit coupled to the output of
the operational amphf_le_r, the programmable resistive divider
circuit for up_roviding the output voltage in response to the _
output of the operational amplifier and a control signal, wherein
the negative input of the operational amplifier is coupled to the
programmable resistive divider circuit.

22.  The programming voltage regulation circuit of claim 21, wherein
the operational amplifier includes a p-channel field effect transistor
having a gate, the gate being the positive input.- _

23.  The programming voltage regulation circuit of claim 21 wherein a
first capacitance of the capacitor is greater than a capaatance for the
operational amphﬁer :

24.  The programming voltage regulation circuit of daim 21 wherem
the programmable resistive divider circuit comprises: '

a plurality of resistors coupled in series between the output of the
operatlonal amphﬁer and system ground; and '

a selector circuit coupled to the plurality of resistors, the selector :
circuit for selecting a tap point in the plurallty of resistors such
that the output voltage is output.
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Figure 6 shows an alternative enmbodi nent for the input circuit 505.  The
enbodi nent of the input circuit 505 charges - the capacitor Cl nore
qui ckly. TWQ®®EERrol signals, SWPLEN, SAWPLEB, and PRECHGRCAfWSSOERHWn as

controlling the operation of the input circuit 5@;via signal lines 605,

610, and 615 respectively. The control isignals arfe*provi ded by the

control engine (ndbkis B laseder at i-on of which is described in nore
detail below. The j ontrols a level[FsimT 2 ST. siM t chi ng
the FET N1 of the riifli t 510 on and: Ridal E éDﬁ%B i gnal

is a logic high (active), the |evel shi-3ler 620 {but pufErs ilage
signal to the gate of FET N1, switching the F on such that the
capacitor ClL is coupled to the input circuit 505 at node 506. The

SAMPLEB si gréli- coFile pregramising voliage @egemimir@mgp&rdaigx #2, whereinel FET
TP1 and n- chgensrogharhniibi fgﬁdr ioh) € uppiies acdradr voltagatod Si ngl e
out put such harlfiJo ong ﬂé‘lt.fgee %zﬁ%h?gﬁ@i‘é? gyﬁ ivel;1 1t '.Ot.a%é S\hen
SAPLES 1o 1S8R otk Semwalanls epmry sl PRogiam e ool memotyiy | o
swi t ched on.celthen SAMPLEB is logic |low (active) FET TP1 is sw tched on
and FET TNl 4,5 Sw . : k : r | evel _
shifter 630 %%r M‘fgﬁﬁqﬁ‘?‘g’f‘“‘g gﬁ%ﬁﬁ%ﬁ%ﬁ%‘gkyﬁgﬁgg?’ gg?%ﬂl on and.
of f. Level sHhefRrogrammingsvoltagesegulation riyceilsypplies arource volagadaianvert ed

output i's coduireé of Ghe ridhvolatie Mbnfory cBil2tcAProgracn ithe fiom@lflleput |s
coupled to the gate TN2. Thus, FETs TP2"and TN2 are either both on or

both of f. WIBf is logic high (inactive) both FETs TP2 and TN2 are :
of f. Wien PRECHCHhe prograpnmingwoltage ireghlationhcikéiis of RPaiand2,Mvhereia on.

Each of the ﬂh‘é"xﬁ'&n\%l%{ifﬁgﬁémoﬁz&ﬂ EraBdvE 37 184sE AN Watkhe VPP

supply. The noninver
28. A computer system comprising:

a power supply for providing an operating voltage;
a DC-to-DC converter coupled to receive the operating voltage, the
DC-to-DC converter for outputting a programming voltage level;
a nonvolatile memory device coupled to receive the programming
voltage level, the nonvolatile memory device including a
programming voltage regulation circuit for supplying a gate
- voltage to program a nonvolatile memory cell, the
- programming voltage reference circuit comprising:
a sample and hold circuit coupled to an external input
- voltage, the sample and hold circuit for sampling the
external input voltage and for holding a reference voltage
generated in response to the input voltage, the sample
and hold circuit including a capacitor that holds the
reference voltage; and o S
a regulator circuit coupled to the capacitor of the sample and
hold circuit, the regulator circuit for outputting a
programming voltage using the reference voltage
supplied by the capacitor. '
29. The computer system of claim 28, wherein the external input
voltage is supplied by a regulated power supply. - '
30. The computer system of claim 29, wherein the external input
voltage is supplied by a static voltage reference.
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out put.s output a voltage approxi mately equal to VPP when the input

control signal is a logic high, and the inverting outputs output the sane
vol t age wH&098A%232 nput control signal is a logic |ow PCT/US98/05888 St Or S
R1 and R2 provide the reference voltage Vref at _the _ e 506 when the
SAMVPLEB signal 13 descr aﬁ'ﬂ§s‘ft e\sustaNn lresistor Rl is

ep equalll to one-hal f VPP.

preferably equathistsed A5 such t

The resistor R2 ween n _ ground VSS such
that the drain ommiﬁmlii%% Nl is puI | ed .. WD 95/33232 -

PCT/ US95/ 05588 - =22-- -14- down to

system ground when the SAI\/PLEB and PRECHGB signals are inactive high. This
effectively isolates the capacitor Cl1 fromany noise fromthe VPP supply

t hat woul d a)l.her'mteeo uterigystemt aof ¢tlaim @8paviiérein theasarhple andldtoldi r cui t 505
and the sw{ channel FETs . TP3 and 'TP4 are provided as a '
precharge CI rcw %Q’fther comp f(sgs prechargi ng the_capacitor Cl when the switch

510 i s cl osed. Tamrinput cxrcult coupled to the input voltage, the input circuit for
generatmg the reference voltage in response to the 1nput
voltage; - o L
a switch coupled to the input circuit and the capacxtor, the switch for
coupling the input circuit to. the capacitor-in response to a
control signal when the control signal is in a first state such that
the capacitor is charged to the reference voltage and for
decoupling the input circuit from the capacxtor when the control
signal is in a second state.” o
32. The computer system of claim 31 wherem the input circuit
comprises: - . :
a first resistor coupled to the external input voltage;
a second resistor coupled in series with the first resistor to system
ground, wherein the reference voltage is supphed at a node
‘between the first and second resistors. -
33. The computer system of claim 32, wherein the input circuit further
comprises: : : -
a precharge circuit coupled to the node and to a supply voltage, the
precharge circuit for quickly charging the capacitor.
34.  The computer system of claim 33, wherein the first resistor is
coupled to the supply voltage in response to a second control signal.
35. The computer system of claim 34, wherein the precharge circuit is-
‘coupled to the supply voltage in response to a third control signal.”
36. - The computer system of claim 32, wherein the input voltage is
equivalent to the supply voltage.
37. The computer system of claim 28, wherein the regulator circuit
comprises: : '
an operational amplifier having an output a positive input and a
negative input, wherein the positive input is coupled to receive
the reference voltage; - o

———————
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precharge circuit is enabled and disabled in response to the PRECHGB
signal, which creates a path: between the power sup:ply VPP and system

ground VSSWR95®Ihi ng t he-FETs TP2 and TN2 inek T erevesPETRAISIPES by
switching the FETs TP2 and TN2 of f. FETs TP3 Py hei r
.substrates connected to thelr sources and thgi difo their
gates. The cur fhingh 4 he precharge = sat er than t hat
provi ded by the nd.R2, and the capaC| tor_is/mpre ed

qui ckl vy, red-um unt :of time necest A .

capaci tor Cl. Figure 7 is a tinr®§-—diagra dti on of
the input circuit 505 in response to the contr of e y, the
switch 510 is off and the sanple and hold circurt isfin an off state At

time t1, the swi tacprogmmmsblarss:éttvm?ewdene:nsmwled dadhe qadpubefi ve

high.  Sinul t aneousipe o?@idﬁ&ﬁeaﬁﬁgﬁﬁt@tﬁe noiNdBLE Beditivé dividled
asserted active low to crease { rafe o ar |ng for the tcfggam tor CI1.
This period of precﬁ’é?‘é‘l P@M@Fkﬁ QHtH'étY ’éb?teépﬁgs%tt% for the
sanpl e and hol d ci r outputSéfitheAdpérationalamiphifiePrnd-idontrpb sigradcwheneint | ve

hi gh di th t h
sarmpl e and ol decﬂ?ﬁ‘%"t“%ﬁt‘?é%@f%‘?.%%“?‘ FRPHERE 3 c3uPiel {ind e
reference voltage pf@sfla}maablwsmwec@w@@r gireqis. ~ The precharge and charge
states togeggher Tl complber aofSétaizﬁ :470rw1téien§a{aobpe1amiénlapl d CI rcunt

- 501 i whi ch I

contlr(r)]I s: ;ﬁﬁf’gﬁﬁ% Cx‘té&%/ﬁotb %We?ﬁgféﬂ th"%’.ﬁﬂi% rre 33 tbh'er@a he
sanpl e and beihg the ipositivediiputo enter a hold state in Whl ch the capacitor
hol ds the  rgy er eﬂFee?&Rbh?&esy\ﬁe%Uf-daim 37, wheftih % first RQPRciEM QR dik' O3

anplifier accordin
capamtor is greater than a capacitance for the operational amplifier.

40.  The computer system of claim 37, wherein the programmable
resistive divider circuit comprises:
a plurality of resistors coupled in series between the output of the
operational amplifier and system ground; and
a selector circuit coupled to the plurality of resistors, the selector
circuit for selecting a tap point in the plurality of resistors such
that the output voltage is output. ' '
41.  The computer system of claim 28, wherein DC-to-DC converter
comprises a plurality of supply pins, each of the supply pins being isolated
from other supply pins such that noise is reduced.
42. The computer system of claim 28, wherein the programming
voltage regulation circuit supplies a drain voltage to a drain of the
nonvolatile memory cell program the nonvolatile memory cell.

- 43.  The computer system of claim 28, wherein the programming
voltage regulation circuit supplies a source voltage to a source of the
nonvolatile memiory cell to program the nonvolatile memory cell.

44. The computer system of claim 28, wherein the nonvolatile memory
cell can achieve at least three analog states.
45. A method for generating an output voltage in response to an input
voltage, the method compﬁsing'the steps of:

receiving the input voltage; _

generating a reference voltage in response to the input voltage;
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enbodi nent Operational anplifier 520 includes a differential input pair
WO 95/ 33232

PCT/ US95/ Oﬁ&ﬁgs/;m;z - - - 15perrus®¥inssss
p-channel FET e:gate of TP12 is connected to the voltage

~V[err] at the p | e\{?laél%ﬁ'k fiked - @nd the gate of TP1l is connected to the
vol tage V[err] term nal . As shown in Figure 5,. the :
E W‘ 3l anplifier Ls—cotpked=t 0 t he capacitor

p05|t|vetermna r_____
. Cl, and the voIt efer encellv gag%gq‘[m«siaEEN e voltage V[ferr]
ﬁls!ﬂtl|=§E:=v:lmlanler Ci

is the voltage fromthe prograrrmabl e &8s cui t 530.
" P-channel FET TP10. and-act$ as a curren a0t Ffe-di fferential pair
when the operational anplifi i er 520 [ s enabl ed. A corrpl enentary pair of

enabl e signals, 5%5? éﬁ ‘ gé Quitdssl by the control engine 60
or other control ) di'sabl'ing the.operati onal
anmplifier 520. QFAPALYOrS (i sabl ed, the out put
node 804 is tri-géndratingUtht dutp ut tvb&a é@stxegrﬁ&é)tefermeatoltage@uppiiyd circuit
530 may be used WI tﬂ}, &E&%a&%} age inputs.
~ 46. A computer system comprising; - :
a power supply for prowdmg an operatmg voltage;
a solid state’ hard drive for storing data and for emiilating a
magnetic hard disk drive, the solid state hard drive comprising;
a DC-to-DC converter coupled to receive the operating
voltage, the DC-to-DC converter for outputtmg a
programmmg voltage. level; - -
a nonvolatzle memory device coupled to receive the
programming voltage level, the nonvolatile memory
 device including a programming voltage regulatxon
drcuit for supplying a gate voltage to program a
“nonvolatile memory cell, the programming voltage
reference circuit comprising: '
a sample and hold circuit coupled to an external input
- voltage, the sample and hold ‘circuit for sampling
the external input voltage and for holding a
reference voltage generated in response to the input
voltage, the sample and hold circuit including a
capacitor that holds the reference voltage; and
a regulator circuit coupled to the capacitor of the
sample and hold circuit, the tegulator circuit for
outputting a programming voltage using the ~
reference voltage supplied by the: capacitor.
47.  The computer system of claim 46, wherein the external input
voltage is supplied by a regulated power supply '
48.  The computer system of claim 47, wherein the external mput .
voltage is supplied by a static voltage reference. - '
49.  The computer system of claim 46, wherein the sample and hold
circuit further compnses ' ' ' ' '
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P-channel FETs TP13 and TP14 are cascode devices that limt the voltage at
nodes 801 3pgogexs2 respectively. Linmting the voltage at noGernddddnsdssit S
the drai n-to-source veol.tage“of FET TP12 such that;:t:he generation of hot
~electrons acr OWTPIZ i s avoi ded. "Hot el ectrons
effectively i ncrrﬁ,ﬁg%ﬁeeihﬁyeaﬂeﬁted\/\hl ch the capacitor Cl di scharges, and

such effects sho to better ensu or Cl
provi des the ref u Vref for the desiedreetiad sden fire. -
P- channel FETs TP act as a volt di vider cwgpuAtcEfd) pflovi di ng a
bi asing voltage to the gates of cascode FETs Haadlvol t age at
node 803 is approximtely equal to one-fourth of VPP. FETs TP16- TP19 may

be equi val ently rgp mm 39/ the ifibhit TBH3ge: %GR fogom t he
FETs TP16- TP19 when th npl | s di gabl ed. The
out put stage of thegS TEARFSIFE | etaS%n.rﬁ%mnf@soc r C10, and
" n-channel FETs TNleo]'ﬁN é; and TP23. FET TN16 is a low threshold voltage,

ko ce o ciigh il 60O B o e B
stage when the oper souphag thmpnil @rctatztp the capdsifon in responsef@ad| enent .
circuitry for the OESﬁ ﬁ%ﬁ E&ﬁ s'igﬁ‘dl‘igffﬁ afirst GRABRch thd6
TNL3-TNLS and p-cha e capaEator-gs %Rar-gp 2 ti'le reference voltage and for
decoupling the input circuit from the capacitor when the control
_ signal is in a second state. | :
50. The computer system of claim 49, wherein the input circuit
comprises:
a first resistor coupled to the external mput voltage;
a second resistor coupled in series with the first resistor to system
ground, wherein the reference voltage is supplied at a node
between the first and second resistors. ,
51. The computer system of claim 50, wherein the input circuit further
comprises:
a precharge CerI.llt coupled to the node and to a supply voltage, the
precharge circuit for quickly charging the capacitor.
52. The computer syStem of claim 51, wherein the first resistor is
coupled to the supply voltage in response to a second control signal.
53. The computer system of claim 52, wherein the precharge circuit is
coupled to the supply voltage in response to a third control signal.
54. The computer system of claim 50, wherein the input voltage is
equivalent to the supply voltage. | |
55.  The computer system of claim 46, wherein the regulator circuit
comprises: o
an operational amplifier having an output a pcsmve input and a
negative input, wherein the positive input is coupled to receive
the reference voltage; |
a programmable resistive divider circuit coupled to the output of
- the operational amplifier, the programniable resistive divider
circuit for providing the output voltage in response to the

TN 0 O



WO 95/ 33232
PCT/ US95/ 05588 - 16- oper at i onal
anplifier ‘3965'?5!33%nabl ed when the CPAIVPEN Si gnal '_' ic ROIJSEANSS he

OPAMVPENB si is logic low The operational 1520 is disabled
‘when the CPAIVPEN signal 15 c | ow ang

Fridh gnal is logic
hi gh. Disabli Sltebl:éi iReal amplif er .
TN12 to be swi mfél @ that cur r gpt=—=+% provided to t he

differenti al P12. Further FETs TN13 and TN14 are sw tched
on, which switches o f TN16 -and 67 i sol ati ng the output node 804
from systemground VSS. Finally, FET TP20 is sw tched on, which.causes the
gate of FET TP23 to be pulled up towards VPP. FET TP23 .is thus swtched
of f, isolating the%’lﬁPBEP ﬂw@pmwabmnplrfm and; 3, canirq) ignale avhesein | oat s

when t he oper at i Onghe: hu&e% \5128ft1€e brationall amplifier is lcouplel t@Hegoi ng
specification, the inventi EFhas been agrlbed vmth reference to specific

exenpl ary enbodi meRTOSTHBMABIe resishive AL SN and drawi ngs are,
~accor di ngl y56.t o 'Bhert:egqmter.isystemof claims35, a»vhemem ahéreperattmnﬂ restrictive

SESE, bR G ARG e Wit AR W A Bl s
t he i nvent i bgingdthecpositive H\IP‘# the appended cI al m;
57.  The computer system of claim 55, wherein a first capacitance of the
capacitor is greater than a capacitance for the operational amplifier.
58. - The computer system of claim 55, wherem the progtammable
resistive divider circuit comprises: - '
a plurality of resistors coupled in series between the output of the
operational amplifier and system ground; and
a selector circuit coupled to the plurality of resistors, the selector
circuit for selecting a tap point in the plurality of resistors such
that the output voltage is output.:
59. The computer system of claim 46, wherein DC-to-DC converter
comprises a plurality of supply pins, each of the supply pins being isolated
from other supply pins such that noise is reduced.
60. The computer system of claim 46, wherein the programming
voltage regulation circuit supplies a drain voltage to a drain of the
nonvolatile memory cell program the nonvolatile memory cell.
61.  The computer system of claim 46, wherein the programming
~ voltage regulation circuit supplies a source voltage to a source of the
nonvolatile memory cell to program the nonvolatile memory cell.
62. The computer system of claim 46, wherein the nonvolatile memory
cell can achieve at least three analog states.
63. A computer system comprising:
a power supply for providing an operating voltage;
a memory card for storing data, the memory card comprising:
a DC-to-DC converter coupled to receive the operating
voltage, the DC-to-DC converter for outputtmg a
programmmg voltage level; -
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1 WHAT IS CLAIMED I S: 1. A vol tage regulation circuit, conprising:
a sanple and hold circuit for sanpling an input voltage and for holding a
ref erence W!ngangenerat ed in response to the i nput vol t ag@CTUSES558%| e
and hol d g _a“ capacitor ‘that hol ds;the reference voltage;

Tﬁsg at or CIrCUIt coupled to the capa@rtor of t he sanple and
hoId ci rcui ﬁ

?dCII’CUIt for outputting age using

. . . e : SHE Tﬂﬁs \é%k&ae
regul ation | m 1, wherein the sarrpl an iﬂcgbrcw t I further
conpri ses: an [ nput circuit coupt®e to t ___......__,-............__,.. e i nput
circuit for generating the reference voltage in response to the input

vol tage

“the referen lied by the capacitor.

a nonvolatile memory device coupled to receive the
programming voltage level, the nonvolatile memory
device including a programming voltage regulation
circuit for supplying a gate voltage to program a
nonvolatile memory cell, the programming voltage
reference circuit comprising:

~a sample and hold circuit coupled to an external input
voltage, the sample and hold circuit for sampling
the external input voltage and for holding a
reference voltage generated in response to the input .
voltage, the sample and hold circuit including a
capacitor that holds the reference voltage; and
a reg‘ulatof circuit coupled to the capacitor of the
sample and hold circuit, the regulator circuit for
outputting a programming voltage using the
reference 'voltage supplied by the capacitor.
64. The computer system of claim 63, wherein the external input
voltage is supplied by a regulated power supply.
65. The computer system of claim 64, wherein the external input
voltage is supplied by a static voltage reference.
66. The computer system of claim 63, wherein the sample and hold
cxrcult further comprises: :
an input circuit coupled to the input voltage, the input circuit for
. generating the reference voltage in response to the input .
voltage; :
a switch coupled to the input circuit and the capacitor, the switch for
_coupling the input circuit to the capacitor in response to a
control signal when the control signal is in a first state such that
the capacitor is charged to the reference voltage and for
decoupling the input circuit from the capacitor when the control
~ signal is in a second state. :
67. The computer system of claim 66, wherein the 1nput circuit
comprises:

———_-—-_’____’___'____;—
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a switch coupled to the input circuit and the capacitor, the switch for
coupling the input circuit to the capacitor in response to a first control
si gnal whewa4s@3iser st control signal is in a first state suptu/usestosssse
capacitor is charged to the referenc coupling the input
circuit fromttecapaci-ter—when the flj THS & Tr'dl\sﬁﬁgﬂa is in a second
state. 3. bR Rl fage regul atiorj ci r cBREPLOCERI ai m [P, wherein the input

circuit conpri $dr st I stor couple [ ;
a second resi simwﬂlm Mﬂ series with the first resi stor to system
ground, wher ei voI t age +28-supplied at a node between the

first and second resistors. The voltage regulation circuit of claim
"3, wherein the input circuit further conpri ses: a precharge circuit
coupl ed to the nadirstardistor coupled!ty thelekmal inputproltdge) ge CI rcuit for

T ek g o A PO |
response to a secomound,t whereinhe|reference voltage is supplle at a node
between the first and second resistors.
68. The computer system of claim 67, wherein the input circuit further
comprises: : SRR -
a precharge circuit coupled to the node and toa supply voltage, the
. precharge circuit for quickly charging the capacitor.
69. The computer syStem of claim 68, wherein the first resistor is
- coupled to the supply voltage in response to a second control signal.
70.  The computer system of claim 69, wherein the precharge circuit is
coupled to the supply voltage in response to a third control signal.
71.  The computer. system of claim 67, wherein the input voltage is
equivalent to the supply voltage. :
72.  The computer system of claim 63, wherem the regulator circuit
comprises: - .
an operatlonal amplifier having an output, a positive input and a
negative input, wherein the positive input is coupled to receive
the reference voltage; : :

a programmable resistive divider circuit coupled to the output of
the operational amplifier, the programmable resistive divider
circuit for providing the output voltage in response to the
output of the operational amplifier and a control signal, wherein
the negative input of the operational amplifier is coupled to the
programmable resistive divider circuit. :

'73.  The computer system of claim 72, wherein the operational
amphﬁer includes a p-channel field effect transistor havmg a gate, the gate
being the positive input. -

74.  The computer system of clalm 72, wherein a first capacitance of the
capacitor is greater than a capacitance for the operatxonal amplifier.

75. The computer system of claim 72, wherein the programmable
resistive divider circuit comprises:

H“-m—;‘___ﬁ
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2 6. The voltage regulation circuit of claim 5, wherein the precharge

circuit is %ung {0 the supply voltage in response to a thkﬁ_glpg?%tsgﬁl

si gnal . & voltage regul ation circuit of cI aim 3

I nput vol tage —r—s—eﬁrut—val—ent—_tp_t_he supply vol tage,: ; : 8. The vol tage

regul ation ci rculju; 1, \/\herel n .t he regul at-'o-t circuit conprises:

an operati onal a n output, a fir second
i nput, wherein t J is coupl ed to rledei/SHERER) nge
vol t age; resisti ve,, | vi der |Ci rcum-:pgng@ offt he
out put of the operat [ onal anplifier, t hg2 rogra '

circuit for providing the output voltage in response to the output of the
operatLonal &Pl 1 S G bR ol S FeleRCuRSE B i o 1
circuit. 9. Thet)pm‘atlagal amplifieriand systemi grouind; fanidm 8, V\,herel n the
operational anplifi&lector circuit coupled to the plurality of resistors, the selector
circuit for selecting a tap point in the plurality of resistors such
that the output voltage is output.
76.  The computer system of claim 63, wherein DC-to-DC converter
comprises a plurality of supply pins, each of the supply pins being isolated
from other supply pins such that noise is reduced. |
77.  The computer system of claim 63, wherein the programming
voltage regulation circuit supplies a drain voltage to a drain of the
nonvolatile memory cell program the nonvolatile memory cell.
78. The computer system of claim 63, wherein the programming
voltage regulation circuit supplies a source voltage to a source of the
nonvolatile memory cell to program the nonvolatile memory cell.
79.  The computer system of claim 63, wherein the nonvolatile memory
cell can achieve at least three analog states. '
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i ncl udes a p-channel field effect transistor having a gate, the gate being
the first input. 10. The voltage regulation circuit of claim8, wherein
a first cap#xdysi3asee of the capacitor is greater than a capRCTU8SS8Bor t he
operational anplifier. 11. The voltage regulation circuit of claim8§,
wherein the programmuable resistive divider circuit conprises: a
plurality of resistors coupled in seﬁi ? bet ween t he output of the
operational anplifier and system gr'ouf{ 7 and a selector circuit

coupled to the plurality of resistors, the selector circujit for selecting a
tap point in the plurality of resistors. 12. | nMAINoNnYol atil e nenory
device, a progranmmng voltage regulation circuit femop|ving a gate
vol tage to program a nonvol atile memory cell, corprigigng:
_ MASS
STATIC STORAGE
MEMORY | |PROCESSOR DEVICE |
16 12 17
DISPLAY _ _
21 - |
KEYBOARD < > BUS 11
22 —_—
N |
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23 :
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HARD COPY<: 18
DEVICE ‘
24
"~ <rl___> 1.C.CARD
SOUND ' 19 }
SAMPLING _
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25 | ' I.C.CARD
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/0
DEVICE
PCMCIA BUS 13
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~a sanple and hold circuit coupled to an external input voltage, the sanple
and hold circuit for sanmpling the external input voltage and_for_ holding a
r.ef erence V¥R B3 2%generated in response to the input vol taé’&r"{sﬂﬂosé%ﬁml e
and hold circuit including a capacitor that holds the reference voltage;

and a regulator circuit coupled to the capacitor of the sanple and
hold circuit, the regulator circuit Pgtgoutputting a programm ng vol tage
usi ng the ref_T€hE€”V€FT§'§'§E$§TTEU‘by TNE capaci rtor. T3 The
programmi ng Vol tage regul ation circuit of claim12, wherein the extern%l
I nput voltagd is supplied by a regul ated power supply 14. The *
programmi ng Vol tage regul ation circuit of claim13, wherein the externa|
i nput voltagg is supplied by a static vol tage reference. 15. “JIhe,\
pr Ogr amﬂ ng volt ge Jlrggul afl R p| P‘r\lll + r\L nl a|4m 1_2 -\Ahr\v n:u A th&% e and
hol d circuit [furtlher conprises: an i nput CII‘C>_It couple% @he
I nput voltage, the input circuit for generating the g erqgce Egltd@é I n
response to tlhe ijnput voltage; a switch coupl to the I NEAtegcirfcuit
and the capacjitor|, the switch for coupling the inputwcsrcuit t@%ﬁﬂdﬁ
capacitor in Jresgonse to a first control signal vT.erEt e firlst 21{’,:
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control signal is in a first state such that the capacitor is charged to
the reference voltage and for decoupling the input circuit fromthe

capaci tor \WM@A58382 first control signal is in a second st atRCT/US9S/BSS88 The
progranmmi ng vol tage regulation circuit of claim15, wherein the input
circuit conprises: -~ a first resistor coupled to the external input _
vol t age; a second resistor cogpig@d in series with the first resistor
to system ground, wherein the reference vol tage is supplied at a node
between the first and second resistors. 17. The progranmm ng vol t age
regulation circuit of claiml6, \/\herel n the |2%ut circuit further

conpri ses: ' 4 a

precharge circuit  goupled to th Rmm q a supply voltage, the
precharge Ver F‘;\’EGULATIOI\?
CIRCUIT '
62
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‘circuit for quickly charging the capacitor. 18. The programm ng vol t age
regulation circuit of claim 17, wherein the first reS|stor IS c%ggTed to

t he suppl Wo¥3B28e in response to a second control si gnal

‘programm ng voltage regulation circuit of claim18, wherein the prechar ge
circuit is coupled to the supply voltage in response to a third control

si gnal . 20. The progranm ng voI qg? regulation circuit of claim17,
wherein the input voltage is equivalent to the supply voltage. 21. The
progranmm ng vol tage regul ation circuit of claim 12, wherein the regul ator

circuit conprises: an operational anplifier having an output, a
first input and a second input, wherein the positive input is coupled to
receive the reference voltage; a programmabl e resistive divider

circuit coupled to the output of the operational anplifier, the
programmabl e resistive divider circuit for providing the output voltage in
response to the output of the operational anplifier and a control signal,

wherein the second input of the operatiopnalanplifier is coupled to the
programmabl e resistive divider circui}. :
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22. The progranm ng vol tage regulation circuit of claim 21, wherein the
operational anplifier includes a p-channel field effect tranS|st aving a
gate, the Y%83¥& ng the first input. 23. The progr anh Y%7 '3%535
regulation circuit of claim 21, wherein a first capacitance of the
capacitor is greater than a capacitance for the operational anplifier.

24. The progranm ng vol tage regul &/@n circuit of claim 21 ‘wherein the
programabl e resistive divider. circuit conprises:

5 a plurality of resistafs coupled in series between the output of
the operational anplifier and tem ground; and a selector circuit
coupled to the plurality of resiptors, the selector circuit for selecting a
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'25. The progranmm ng voltage regulation circuit of claim 12, wherein the
programmi ng voltage regulation circuit supplies a drain voltage to a drain
of the nonw@ %8132 nenory cell. 26. The progranm ng vo?fﬂg

‘circuit of claim 12, wherein the progranm ng voltage regul ation circuit
supplies a source voltage to a source of the nonvolatile nenory cell to

programthe nonvol atile nmenory cell.g/s&7.  The programm ng vol t age
regulation circuit of claim 12, wherein the nonvolatile nenory cell can
achieve at |east three anal og states. 8. A nethod for generating an

out put voltage in response to an input li-age, the nethod conprising the
steps of: a voltage generator genrating a reference voltage in
response to the input voltage; - C ing a capacitor to the reference
vol t age; ' decoupling the voltage ig@rator fromthe capacitor;

hol di ng the reference voltage by the caﬂEﬁLtoré_generating t he out put
voltage using the reference vol tage suppl ifed by t he capacitor
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29. A conputer system conprising: a power supply for providing an

operating voltage; a DC-to-DC converter coupled to receive the
operating WR958322 t he DC-to-DC converter for outputting aPEFY§I¥SRsNg
vol t age | evel; a nonvol atile nenory device coupled to receive the

progranm ng voltage | evel, the nonvol atile nmenory device including a
programm ng vol tage regul ation circuZ} for supplying a gate voltage to
program a nonvol atile nmenory cell, t eﬁrnogranning vol tage regul ati on
circuit conprising: 6

a sanple and hold circuit coypled toythe programy ng voltage |evel, the
sanple and hold circuit for danpling|the programp ng voltage |evel and for
hol di ng a reference vol tage generate' in respons¢ to the progranm ng
voltage |l evel, the sanple and hold cijrcuit including a capacitor that holds
the reference voltagn; and a flegulator cifcui't coupled to the
capacitor of the saqgle and ﬂold cirguit, the redqulator circuit for.
outputting the gate Xoltage ysing the reference Yoltage supplied by the

capaci tor.
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‘30. The conputer system of claim29, wherein the external input voltage
I's supplied by a regul ated power supply. 31. The conputer system of
cl ai m 30, WR&Y82# the external input voltage is supplied RETASIRSEE

vol t age reference. 32. The conputer system of claim 29, wherein the
sanpl e and hold circuit further conprises: ~an input circuit coupl ed
to the input voltage, the input ci rp?]lat for generating the reference
voltage in response to the input vo a switch coupled to the

i nput circuit and the capacitor, the,,svm ch for coupling the i nput circuit
to the capacitor in response to ontrgl signgl V\,henmt he fir

control signal is in a first st at she capaeitor s charéd to

the reference Egvfbromthe
tate 330 The

capacitor when{the first control C
I npuf circui{ conprises: a

conputer syste

first resistoricoupled to the ext erjnal p:é yol t age; a se
resistor coupl ¢d] skstgt0l system ground,
wherein the refelence voltage is -sugl ief 4 a ndde between the first and

second resistofs. "
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34. The conputer system of claim 33, wherein the input circuit further

conpri ses: a precharge circuit coupled to the node between the first
and second resistors and to a supply voltage, the precharge circuit for
qui ckly charging the capacitor. ===
7 35. The conputer system of cIa|n1341 wherein th 'ﬁgp@AcEMENﬂﬁHEEﬁs

coupled to the supply voltage in response to a seco con’m m 36.
The conput A I CJ i m 35, wherein the precharyegd Q l.s..coupllied
to the su esponse to a third control kst 37 e

conput er system of cI aim 33, wherein the input voltage is eqw valent to the

supply vol t age. The conputer system of claim?29, wherein the
regul ator & rcu4'\t"056$ﬁ)¥q9§@§°" circuit, comprising:

a sample and hold circuit for sampling an input voltage and for holding a
reference voltage generated in response to the input voltage, the sample and hold
circuit including a capacitor that holds the reference voltage; and

a regulator circuit coupled to the capacitor of the sample and hold circuit, the
regulator circuit for outputting an output voltage using the reference voltage supplied

by the capacitor.

2. The voltage regulation circuit of claim 1, wherein the sample and hold circuit
further comprises:

an input circuit coupled to the input voltage, the input circuit for generating
the reference voltage in response to the input voltage;

a switch coupled to the input circuit and the capacitor, the switch for coupling
the input circuit to the capacitor in response to a first control signal when the first
control signal is in a first state such that the capacitor is charged to the reference
voltage and for decoupling the input circuit from the capacitor when the first control

signal is in a second state.

3. The voltage regdlation circuit of claim 2, wherein the input circuit comprises:

a first resistor coupled to the input voltage;

a second resistor coupled in series with the first resistor to system ground,
wherein the reference voltage is supplied at a node between the first and second

resistors.

4, The voltage regulation circuit of claim 3, wherein the input circuit further
comprises:
a precharge circuit coupled to the node and to a supply voltage, the precharge

circuit for quickly charging the capacitor.

5. The voltage regulation circuit of claim 4, wherein the first resistor is coupled to

the supply voltage in response to a second control signal.

| AwENDED SHEET | ] 0




an operational anplifier having an output, a positive input and a negative
i nput, wherein the positive input is coupled to
vol t age; a programmmbl e resistive divider q:imbtmumlﬁmt
out put of the operational anplifier, the progranabl e &@ﬁ%
circuit for providing the output voltage in resp nﬁﬁptgef dﬁﬂ
operational anplifier and a control signal, whereip=the=rregattve
t he operat onal anpljfier is coupled t ro bIe resistive.divider
ircourt, 8567 THeHalgsh faaulo0, Srelih, of clat £ Wheraith % PrETRISRO BERAS 1 nal
anpl i fier ¢dﬂ@lddeta&has@pmmawje iA lréﬂpdnﬁfo%?ihlrﬂro%ﬁ&bﬁél@ﬁalhaV' ng a gate, the
gate being the positive Input. 40. The conputer system of claim 38,
wherein a first capacitance of the capacitor is greater than a capacitance
for the opgratifpnalvohdpe ireh@btion clréuit ofllefirh OBPUbkKdreiY e impth Gbigdgd %8
wherein the programmable resistive divider circuit conprises:
plurality efuivalentde ghessupphpydtdgPn seri es between the output of the
operational anplifier and system ground; and a selector circuit

coupled to the plurality of resistors, the selector circuit for selecting a
tap point 8n t hhEhelusitape t rpgatatiore sdircuivr of claim 1, wherein the regulator circuit

comprises:

an operational amplifier having an output, a first input and a second input,
wherein the positive input is coupled to receive the reference voltage;

a programmable resistive divider circuit coupled to the output of the
operational amplifier, the programmable resistive divider circuit for providing the
output voltage in response to the output of the operational amplifier and a control
signal, wherein the second input of the operational amplifier is coupled to the

programmable resistive divider circuit.

9. The voltage regulation circuit of claim 8, wherein the operational amplifier
includes a p-channel field effect transistor having a gate, the gate being the first

input.

10. The voltage regulation circuit of claim 8, wherein a first capacitance of the

capacitor is greater than a capacitance for the operational amplifier.

11. The voltage regulation circuit of claim 8, wherein the programmable resistive
divider circuit comprises:

a plurality of resistors coupled in series between the output of the operational
amplifier and system ground; and

a selector circuit coupled to the plurality of resistors, the selector circuit for

selecting a tap point in the plurality of resistors.

12. In a nonvolatile memory device, a programming voltage regulation circuit for

supplying a gate voltage 1o program a nonvolatile memory cell, comprising:

| AMENDED _SHEET ||y i VA



8 42. The conput er system of claim29, wherein the DC-to DC converter

conprises a plurality of supply pins, each of the =B

i solated fromother supply pins such that noise is :
conputer system of claim 29, wherein the programj ggiul ajion
circuit supplies a drain voltage to a dBain of the|n cel |l

to programthe nonvolatile menmory cell. 44 The syst em of
claim 29, vvherelntE r.ogr anmi.n ul ati ircuit supplies a
Cour ce vol t age T SARPEARECET FRULCoRReP A PEHabp g eltehS. e SRR, AR o
nonvol ati | Roldeieuiy fot &ampling éfe extdiel mp\mnmtege apd faholding b aéfarehide voltagei n
t he nonvol atile nenory cell can_ achi eve at | east thréa% %nal og .st ates.
generated in response to the input voltage, the sample and hold circult including a
capacitor that holds the reference voltage; and
a regulator circuit coupled to the capacitor of the sample and hold circuit, the
regulator circuit for outputting a programming voltage using the reference voltage

supplied by the capacitor.

13. The programming voltage regulation circuit of claim 12, wherein the external

input voltage is supplied by a regulated power supply.

14. The programming voltage regulation circuit of claim 13, wherein the external

input voltage is supplied by a static voltage reference.

15. The programming voltage regulation circuit of claim 12, wherein the sample
and hold circuit further comprises:

an input circuit coupled to the input voltage, the input circuit for generating
the reference voltage in response to the input voltage;

a switch coupled to the input circuit and the capacitor, the switch for coupling
the input circuit to the capacitor in response to a first control signal when the first
control signal is in a first state such that the capacitor is charged to the reference
voltage and for decoupling the input circuit from the capacitor when the first control

signal is in a second state.

16. The programming voltage regulation circuit of claim 15, wherein the input
~ circuit comprises:
a first resistor coupled to the external input voitage;
a second resistor coupled in series with the first resistor to system ground,

wherein the reference voltage is supplied at a node between the first and second

resistors.

17.  The programming voltage regulation circuit of claim 16, wherein the input

circuit further comprises:
R —
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46. A conputer system conprising: a power supply for provi di ng an
operating voltage; a solid state hard dri ve Jfed data and for
enul ating a magnetic hard disk drive, the solid sta
conpri si ng: a DC-to-DC converter coupled to atf ng
vol tage, the DC-to-DC converter for outpatting a p
a nonvol atil e nenory device coupled to recglve t he—pt g
| evel , the nonvol atil e nmepor. |ce i ncl udin ranm ng 0
regul ation circif Preplarog Gl '3/1? e&’ 19de npde aa @?é”ﬁg'tdwgﬁﬂ% the Rias]
menory cel leircti forfuickiyrofdrgitig \iee ea@eitsregul ation circuit conprising:
a sanple and hold circuit coupled to programm ng voltage |evel, the sanple
and hold circuit for sanpling the programm ng voltage |evel and for holding
a referencegol tmep%%ﬁ:ﬁtn@dva{hg@%aeﬁﬁsn té?rcweofpélgﬂﬁ Her\éﬁJ Wgidevel
t he sanple and hold circuit including a capacitor that e reference
vol t age; arf@sistor is coupleddg he,sunplv: voltagietin tespphasditor ysadond camdlsugnal of the
sanpl e and hold circuit, the regulator circuit for outputting the gate
vol tage using the reference voltage supplied by the capacitor.
9 19.  The programming voltage regulation circuit of claim 18, wherein the precharge

artge| e

circuit is coupled to the supply voltage in response to a third control signal.

20. The programming voltage regulation circuit of claim 17, wherein the input

voltage is equivalent to the supply voltage.

21.  The programming voltage regulation circuit of claim 12, wherein the regulator
circuit comprises:

an operational amplifier having an output, a first input and a second input,
wherein the positive input is coupled to receive the reference voltage;

a programmable resistive divider circuit coupled to the output of the
operational amplifier, the programmable resistive divider circuit for providing the
output voltage in response to the output of the operational amplifier and a control
signal, wherein the second input of the operational amplifier is coupled to the

programmable resistive divider circuit.

22, The programming voltage regulation circuit of claim 21, wherein the
operational amplifier includes a p-channel field effect transistor having a gate, the

gate being the first input.

23. The programming voltage regulation circuit of claim 21, wherein a first

capacitance of the capacitor is greater than a capacitance for the operational

amplifier.

24. The programming voltage regulation circuit of claim 21 wherein the

programmable resistive divider circuit comprises:

------ ORER ) M
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47. The conputer system of claim46, wherein the external input voltage

I's supplied by a regqul ated power supply. 48. J ' of
claim47, wherein the external input voltage is {UuREPLAGENENBSHERT |

vol t age reference. 49. The conputer system otj cl a'b jﬁ w@rei t he
sanple and hold circuit further conprises: Date 21) QJI Wt ftoupl ed

to the input voltage, the input circuit for genef
voltage in respon?e to the input vo svvitchprc]oupl ed to th

t | t.age,. a e
i nput circuit aRdYABY o4 Fegisteis coupled 'g%ﬁre%bertweeaﬁeppmgt the PRRSATING i t

to the capaablifidr ahd sySeRPHSENd;and first control signal when the first
control signal is in a first state such that the capacitor is charged to

the reference valaelggtoraiguit soupled daphe miurekiy gfrigeistass. g selactsgitoyi for
capaci tor g@g&intg ta@iﬂqﬂt iﬁg@,\gﬂ,ﬁ}a"ﬁg&r}gﬁs{oﬁ_l n a second st ate. 50. The
ai m 49,

conput er systemo erein the 1nput circuit conprises: a
first resistor coupled to the external input voltage; a second

resi stor cggpl eg, in | £S: W e fjrst resistor t stem d,
wherein thgg'r ef ipéeng'z)‘a@égﬁf' Qéﬂe“?'stg@up%?‘f%@‘gta‘?aﬁo fe & vve]ie?f t‘ﬁﬁe&?ﬁrg ® and
t he secondprogsarsinings voltage regulation circuit supplies a drain voltage to a drain of the

nonvolatile memory cell.

26. The programming voltage regulation circuit of claim 12, wherein the
programming voltage regulation circuit supplies a source voltage to a source of the

nonvolatile memory cell to program the nonvolatile memory cell.

27. The programming voltage regulation circuit of claim 12, wherein the

nonvolatile memory cell can achieve at least three analog states.

28. A method for generating an output voltage in response to an input voltage, the
method comprising the steps of:

a voltage generator generating a reference voltage in response to the input
voltage;

charging a capacitor to the reference voltage;

decoupling the voltage generator from the capacitor;

holding the reference voltage by the capacitor, generating the output voltage

using the reference voltage supplied by the capacitor.

29. A computer system comprising:

a power supply for providing an operating voltage;

a DC-to-DC converter coupled to receive the operating voltage, the DC-to-DC
converter for outputting a programming voltage level;

a nonvolatile memory device coupled to receive the programming voltage level,
the nonvolatile memory device including a programming voltage regulation circuit for
-supplying a gate voltage to program a nonvolatile memory cell, the programming

voltage regulation circuit comprising:

[ oweineD sieer | (NN AR
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51. The conputer system of claim50, wherein the |nput circuit further
conpri ses: a precharge circuit coupled tq he first
and second resistors and to a supply voltage, th for

qui ckly charging the capacitor. 52. The co
wherein the first resistor is coupled té the suvobméwmueﬂgﬁ EB]esvonse to
a second control signal. The conput er system—et—tlalm-o2—\herein

Lhe precharge chrgult, SR SOl P Sl VISR, W 8

54. The cesdimplé %hdihbﬁi €ifouRf fof kamnplirOthe\Brégraminitd) QoltdieUbvel GNBABE holding a

equi val ent to the supply voltag
reference voltage generated in response to the programming voltage level, the sample

spde-between L
REPEAOAVERT SHEEY I
ut er system of cla

and hold circuit including a capacitor that holds the reference voltage; and
a regulator circuit coupled to the capacitor of the sample and hold circuit, the
regulator circuit for outputting the gate voltage using the reference voltage supplied

by the capacitor.

30. The computer system of claim 29, wherein the external input voltage is

supplied by a regulated power supply.

31. The computer system of claim 30, wherein the external input voltage is

supplied by a static voltage reference.

32. The computer system of claim 29, wherein the sample and hold circuit further
comprises:

an input circuit coupled to the input voltage, the input circuit for generating
the reference voltage in response to the input voltage;

a switch coupled to the input circuit and the capacitor, the switch for coupling
the input circuit to the capacitor in response to a first control signal when the first
control signal is in a first state such that the capacitor is charged to the reference
voltage and for decoupling the input circuit from the capacitor when the first control

signal is in a second state.

33. The computer system of claim 32, wherein the input circuit comprises:

a first resistor coupled to the external input voltage;

a second resistor coupled in series with the first resistor to system ground,
wherein the reference voltage is supplied at a node between the first and second

resistors.

34. The computer system of claim 33, wherein the input circuit further comprises:
a precharge circuit coupled to the node between the first and second resistors

and to a supply voltage, the precharge circuit for quickly charging the capacitor.

=1 AL R A




55. The conput er system of claim46, wherein the r Lrcuit

=4

conpri ses: an operational anplifier having adnrebicEne . e
i nput and a negative input, wherein the positive ifput i ﬁ f(ﬁg%‘%ﬁt
recei ve the reference voltage; a programmabliepgigsMst i 4897i d
circuit coupled to the output of the operational aRp=H-er—the "

progr ammaldse r Ghiesdomiuteli syistkir of iclafth i34, fHerghh @he €lish gedistor RUddupledviel thege i n
response to the output of the operatjonal agnplifier and a control signal,
wher ei n t FUPRE YRR regRanse fo pirecafiskroRioL@Mlampl i fier i's coupled to the
programmabl e resistive divider circuit. 56. The conputer system of
claim 55, wherein the operational anmplifier includes a p-channel field
effect trafsi stldye GOMAYY system ef claim 3§avdernin the Preehasge cireujkisigavpled to 57,
The conmputRg st GoR&Ye if kédpBhRPro MiaSionyrdl fighat! capacitance of the
capacitor is greater than a capacitance for The operational anplifier.

58. The conputer system of claim55, wherein the programmabl e resistive
di vi der cig—cui t14+&0 ' ' rAhd L . [ e I [
series bet%?/Céen 1% %eéggﬁ tugﬁrtssyg o t?é c(l)ag'gféaéffi‘giﬁ%%'}‘atﬁrélllﬁﬁe\fr%&g%% 'Ssgasl{?‘éaﬁn&&r%und;
and thesepplewoltageci rcuit coupled to the plurality of resistors, the
- selector circuit for selecting a tap point in the plurality of resistors.

38. The computer system of claim 29, wherein the regulator circuit comprises:

an operational amplifier having an output, a positive input and a negative input,
wherein the positive input is coupled to (eceive the reference voltage;

a programmable resistive divider circuit coupled to the output of the
operational amplifier, the programmable resistive divider circuit for providing the
output voltage in response to the output of the operational amplifier and a control
signal, wherein the negative input of the operational amplifier is coupled to the

programmable resistive divider circuit.

39. The computer system of claim 38, wherein the operational amplifier includes a

p-channel field effect transistor having a gate, the gate being the positive input.

40. The computer system of claim 38, wherein a first capacitance of the capacitor

is greater than a capacitance for the operational amplifier.

.41 . The computer system of claim 38, wherein the programmable resistive divider
circuit comprises:

a plurality of resistors coupled in series between the output of the operational
amplifier and system ground; and

a selector circuit coupled to the plurality of resistors, the selector circuit for

selecting a tap point in the plurality of resistors.

L
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59. The conputer system of claim46, wherein the DC-to-DC converter
conprises a plurality of supply pins, each of the supply plns belng
i sol ated from ot her supply pins such that noi s§Fs—Fcdoced -1
conputer system of claim 46, wherein the prog o)
circuit supplies a drain voltage to a digain of {Jt he n e e
to programthe nonvolatile nenory cell. Dafeoqwﬁggb ..... .
11 61. The co ut er stem of cl.ai 46, wh vol t age
regul ati on?€i r cdig CQ’UB'FB%F g¥stgmcef flaim %I“E"&'ﬁé'"ttﬁe Pty é’°BY ?{§° 58 atil e
nmenory cel b digality Q@ UBplyNBin8 08a6h! 6¢t tHeCsupBRDPpiKks Qﬂlnlg nsola{é@ fromhNGhEO SEHNE T
system of claim 46, wherein the nonvolatile nenory cell can achieve at

| east thr eE'"&ﬁHP‘bE]‘%tnals%s reduced.

The
iul at i on
pry cel |

43. The computer system of claim 29, wherein the programming voltage
regulation circuit supplies a drain voltage to a drain of the nonvolatile memory cell to

program the nonvolatile memory cell.

44. The computer system of claim 29, wherein the programming voltage
regulation circuit supplies a source voltage to a source of the nonvolatile memory cell

to program the nonvolatile memory cell.

45, The computer system of claim 29, wherein the nonvolatile memory cell can

achieve at least three analog states.

46. A computer system comprising:

a power supply for providing an operating voltage;

a solid state hard drive for storing data and for emulating a magnetic hard disk
drive, the solid state hard drive comprising:

a DC-to-DC converter coupled to receive the operating voltage, the DC-to-DC
converter for outputting a programming voltage level; |

a nonvolatile memory device coupled to receive the programming voltage level,
the nonvolatile memory device including a programming voltage regulation circuit for
supplying a gate voltage to program a nonvolatile memory cell, the programming
voltage regulation circuit comprising:

a sample and hold circuit coupled to programming voltage level, the sample
and hold circuit for sampling the programming voitage level and for holding a
reference voltage generated in response to the programming voltage level, the sample
and hold circuit including a capacitor that holds the reference voltage; and

a regulator circuit coupled to the capacitor of the sample and hold circuit, the

regulator circuit for outputting the gate voltage using the reference voltage supplied

by the capacitor.
[
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63. A conputer system conprising: a power supply for providing an
operating voltage, a nenory card for storing Epory card
conprising: a DC-to-DC converter coupled to réCEg vol t age,
the DC-to-DC converter for outputting a progrgmm ;
nonvol atil e nmenory device coupled to recgive t

[1] a
circuit for,sup ing a gate voltage to ogram a_nonvol atile nemory cell,
the progr arﬁi‘ng% Fgﬁ‘Bugégﬁ.ﬂsEﬁ"i‘&% @P'Fbtﬁ%rf ‘%?fﬁ\"i the, gxterna '"pUtavglgef%q ¥ and
hol d ci r cui dupphetPbed réduldte® powernsuppiw ol t age | evel the sanple and hol d
circuit for sanpling the programm ng voltage |level, and for holding a
ref erence voltage generated in response to the progranm ng voltage |evel,
the sanple gnd hpld coinpbitdrt systéph Ust BiEin? 478 PRRkreRY thd)aktdnidl GRplth Qoliddecissnce
vol tage; and a regulator circuit coupled to the capacitor of the
sanpl e and $uppliedby agtatic valtage efereR¢®dr circuit for outputting the gate
vol tage using the reference voltage supplied by the capacitor. 64. The
conput er system of claim®63, wherein the external input voltage is supplied
by a regul a4®d pbiecorpyipt systema claimid, yvhensin dhe sgmple mndrhold eirawitsiprther
V\/n](carei n thecgr%%r?sreg:al I nput voltage is supplied by a static voltage
ref erence.

an input circuit coupled to the input voltage, the input circuit for generating
the reference voltage in response to the input voltage;

a switch coupled to the input circuit and the capacitor, the switch for coupling
the input circuit to the capacitor in response to a first control signal when the first
control signal is in a first state such that the capacitor is charged to the reference
voltage and for decoupling the input circuit from the capacitor when the first control

signal is in a second state.

50. The computer system of claim 49, wherein the input circuit comprises:

a first resistor coupled to the external input voltage;

a second resistor coupled in series with the first resistor to system ground,
wherein the reference voltage is supplied at a node between the first and the second

resistors.

51.  The computer system of claim 50, wherein the input circuit further comprises:
a precharge circuit coupled to the node between the first and second resistors

and to a supply voltage, the precharge circuit for quickly charging the capacitor.

52. The computer system of claim 51, wherein the first resistor is coupled to the

supply voltage in response to a second control signal.

b3. The computer system of claim 52, wherein the precharge circuit is coupled to

the supply voltage in response to a third control signal.
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66. The conputer systemof claim 63, wherein the sanple and hold circuit
further conprises: _

an input circuit coupled to the input voltage,
generating the reference voltage in response t¢

coupling the input circuit to the capacitor in |>e ~to a first control
signal when the first control signal is in a first state such that t he
capaci t or 9% cHAeRINRUSer $istena fof [Aaie SQ ovhergie tQﬂd‘H‘Br‘mHé%%l?p?‘i”rﬁ‘&‘ R0 nput
circuit frtgggw@hgalpggy tor when the first control signal is in a second

st at e. e conputer systemof claim66, wherein the input circuit
conpri ses: a first resistor coupled to the external |nput vol t age;
a second rgsi sty %bq# t\hdaa la&&sb&tu system
ground, V\:h%l’ﬁ‘l n the e %%Xh%ﬁgﬁlfﬁg‘gﬁbl S és'{%ppt?.'l %duat a Ino trween t he

first and secorwh operational amplifier having an output, a positive input and a negatlve input,
wherein the positive input is coupled to receive the reference voltage;

a programmable resistive divider circuit coupled to the output of the
operational amplifier, the programmable resistive divider circuit for providing the
output voltage in response to the output of the operational amplifier and a control
signal, wherein the negative input of the operational amplifier is coupled to the

programmable resistive divider circuit.

56. The computer system of claim 55, wherein the operational amplifier includes a

p-channel field effect transistor having a gate, the gate being the positive input.

57. The computer system of claim 55, wherein a first capacitance of the capacitor

is greater than a capacitance for the operational amplifier.

58. The computer system of claim 55, wherein the programmable resistive divider
circuit comprises:

a plurality of resistors coupled in series between the output of the operational
amplifier and system ground; and

a selector circuit coupled to the plurality of resistors, the selector circuit for

selecting a tap point in the plurality of resistors.

59. The computer system of claim 46, wherein the DC-to-DC converter comprises
a plurality of supply pins, each of the supply pins being isolated from other supply

pins such that noise is reduced.

60. The computer system of claim 46, wherein the programming voltage
regulation circuit supplies a drain voltage to a drain of the nonvolatile memory cell to

program the nonvolatile memory cell.
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resi stors. 68. The conputer systemof claim67, wherein the
circuit further conprises: a precharge circuy pl ed.
between the first and second resistors and to a suppl F
precharge circuit for quickly charging the capacitoi.
system of claim68, wherein the first radistor is cqQug y
vol tage in response to a second control signal. 70. The conputer system
of claim69, wherein the precharge circuit is coupled to the supply. voltage
in respons®ko & ht"hicPB"F’l:'B*Et pyiten; gfiaflaim Bf‘i whergip & ?@F"WEEEK&W%I aigm
67, wherei Weéth@tidm#ﬂuit\é@r)blﬁé% Scur&voliegk @6t dolrdel st thél ABhVolatie tragaory cell2.

The conputer system of claim63, wherein the regulator circuit conprises:

an oper at i da@rogram| the nepvalatile memary 68%-put, a positive input and a negative

i nput, wherein the positive input is coupled to receive the reference

vol t age; a programmabl e resistive divider circuit coupled to the

out put of t6%& opkheacoroputer aystemnfofeglainy KB, prhergin e ppevalatile saemaery drelli easy

circuit forachte}é!a?ie%gt{m%% %tayg[tage in response to the output of the
operational anplifier and a ¢ ro _

63. A computer system comprising:

a power supply for providing an operating voltage;

, a memory card for storing data, the memory card comprising: a DC-to-DC
converter coupled to receive the operating voltage, the DC-to-DC converter for
outputting a programming voltage level;

a nonvolatile memory device coupled to receive the programming voltage level,
the nonvolatile memory device including a programming voltage regulation circuit for
supplying a gate voltage to program a nonvolatile memory cell, the programming
voltage regulation circuit cpmprising:

a sample and hold circuit coupled to programming voltage level the sample and
hold circuit for sampling the programming voltage level, and for holding a reference
voltage generated in response to the programming voltage level, the sample and hold
circuit including a capacitor that holds the reference voltage; and

a regulator circuit coupled to the capacitor of the sample and hold circuit, the
regulator circuit for outputting the gate voltage using the reference voltage supplied

by the capacitor.

64. The computer system of claim 63, wherein the external input voltage is

supplied by a regulated power supply.

-66. The computer system of claim 64, wherein the external input voltage is

supplied by a static voltage reference.

66. The computer system of claim 63, wherein the sample and hold circuit further
comprises:

-
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13 signal, wherein the negative i nput of the operational amplifier is
coupled to the programmabl e resistive divider Clkfeubdac. .23 The conputer
system of claim 72, wherein the operational anpl channel

field effect transistor having a gate, the gate I nput .
74. The conputer systemof claim 72, 1gherein of the
capacitor is greater than a capacitance for the lepesrat } er.
75.  The conputer stemof claim72, wherein the p ranmabl e resi stive
di vi der ci rcui ta“c'B i Fikguit coupled to H\ep!nawaw?'tagﬂeofher E@ngmt EFugRnerting

series betthe pd¥efeiBe Qbitayélin Péspohse %@qﬁm@%haﬁml I fier and system ground;

and a switch coupled to the input circuit and the capacitor, the switch for coupling
the input circuit to the capacitor in response to a first control signal when the first
control signal is in a first state such that the capacitor is charged to the reference
voltage and for decoupling the input circuit from the capacitor when the first control

signal is in a second state.

67. The computer system of claim 66, wherein the input circuit comprises:

a first resistor coupled to the external input voltage;

a second resistor coupled in series with the first resistor to system ground,
wherein the reference voltage is supplied at a node between the first and second

resistors.

68.  The computer system of claim 67, wherein the input circuit further comprises:
a precharge circuit coupled to the node between the first and second resistors

and to a supply voltage, the precharge circuit for quickly charging the capacitor.

69. The computer system of claim 68, wherein the first resistor is coupled to the

supply voltage in response to a second control signal.

70.  The computer system of claim 69, wherein the precharge circuit is coupled to

the supply voltage in response to a third control signal.

71.  The computer system of claim 67, wherein the input voltage is equivalent to

the supply voitage.

72.  The computer system of claim 63, wherein the regulator circuit comprises:

‘ an operational amplifier having an output, a positive input and a negative input,
wherein the positive input is coupled to receive the reference voltage;
' a programmable resistive divider circuit coupled to the output of the
operational amplifier, the programmable resistive divider circuit for providing the

output voltage in response to the output of the operational amplifier and a control
-
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a selector circuit coupled to the plurality of resistors, the selector
circuit for selecting a tap point in the plurality of resi stors 76.
The conputer system of claim 63, wherein the DCtowbe-e |
plurality of supply pins, each of the supply pins h
supply pins such that noise is reduced13 77. Th l
claim 63, wherein the progranm ng voI tage regul ati u ,;
drain voltage to a dr n of the, nonv ile menory FFOGT AT L1
nonvol at i IS égq'\?brrwpﬁrelfbl € negglye inpy o @'ﬁp?ﬂeé‘f‘t'%?ktamﬂ"f'?ff 'scpavm?d GS ﬂ\ﬁher ein
t he progrmra@m@id@g@t.v@gwda;b.ﬂﬂ,.t_cl rcuit supplies a source voltage to a
source of the nonvolatile nenory cell to programthe nonvol atile nenory
cell. 79. The conputer system of claim 63, wherein the nonvolatile

menmory cel43, cammcdinfp(Rerdysterief ciaith 99, AMdleRPthal Gefstional amplifier includes a

p-channel field effect transistor having a gate, the gate being the positive input.

74.  The computer system of claim 72, wherein a first capacitance of the capacitor

is greater than a capacitance for the operational amplifier.

75.  The computer system of claim 72, wherein the programmable resistive divider
circuit comprises:

a plurality of resistors coupled in series between the output of the operational
amplifier and system ground; and

a selector circuit coupled to the plurality of resistors, the selector circuit for

selecting a tap point in the plurality of resistors.

76.  The computer system of claim 63, wherein the DC-to-DC converter comprises
a plurality of supply pins, each of the supply pins being isolated from other supply

pins such that noise is reduced.

77. The computer system of claim 63, wherein the programming voltage
regulation circuit supplies a drain voltage to a drain of the nonvolatile memory cell to

program the nonvolatile memory cell.

78. The computer system of claim 63, wherein the programming voltage
regulation circuit supplies a source voltage to a source of the nonvolatile memory cell

to program the nonvolatile memory cell.

79. The c,'__:o'm:pu_'ter system of claim 63, wherein the nonvolatile memory cell can

achieve at least three analog states.
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A voltage regulation circuit (45) that includes a sample and hold circuit (501) for sampling an input voltage (Vin). The sample
and hold circuit (501) includes a capacitor (C1, 515) that holds the reference voltage. The voltage regulation circui; (45) also includes a
regulator circuit (503) coupled to the capacitor (C1) of the sample and hold circuit (501). The regulator circuit (S03) outputs an output
voltage using the reference voltage supplied by the capacitor (C1). The voltage regulation circuit (45) may be used to provxde a high |.
precision programming voltage for pmgrammmg memory cells having two or more analog states. )




