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METHOD FOR PROGRAMMING A NONVOLATILE MEMORY

E IN TION
Field of the Invention

The present invention relates to a method for programming a memory, and more
particularly, but not exclusively, to a method for programming a nonvolatile semiconductor

memory.

Discussion of the Related Art

Generally, nonvolatile semiconductor memories, such as electrically erasable and
programmable read-only memories (EEPROMs) and flash EEPROMs, intended as mass
storage media possess an excessive cost per bit. A study on a multibit cell has been currently
carried out as a method to solve the above-mentioned problem.

The packing density of a nonvolatile memory corresponds with the number of
memory cells on a one-to-one basis. A multibit cell stores at least two data bits in a single
memory cell, thereby significantly increasing the storage packing density of the data in the
same chip area without reducing a memory cell size. _

In order to embody the multibit cell, more than three threshold voltage levels must be
programmed for each memory cell. For example, in order to store two data bits per cell,

respective cells become programmable by four threshold level steps, i.e., 2> = 4. As a result,
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t hr eshQlide reaches the desired threshold level value, the programming process stops.

In the system for repeatedly programming and verifying, it is difficult to reduce the
error distribution of the threshold levels due to a program voltage pulse width. Furthermore,
the algorithm of repeatedly programming and verifying requires an additional circuit, thereby
increasing the peripheral circuit area of a chip. Moreover, this method increases the
programming time.

To eliminate the above-stated drawbacks, R. Cernea of SunDisk Co. introduced a
simultaneous programming and verifying technique (U.S. Patent No. 5,422,842). FIG. 1A
shows the symbol and circuit diagram of the EEPROM of Cernea. The EEPROM cell
consists of a control gate 1, a floating gate 2, a source 3, a channel region 4, and a drain 5.

When a voltage sufficient to cause programming is applied to control gate 1 and drain
S, a current flows between drain 5 and source 3. The current is compared to a given reference
current to generate a programming completion signal when the current is equal to or less than
the reference current. This process is illustrated in FIG. 1B.

In this technique, the programming state is automatically verified at the same time as
the programming to slightly counteract the drawbacks of repeatedly programming and
verification. However, the threshold voltage level applied to control gate 1 of the memory
cell is not adjusted.

U.S. Pat. No. 5,043,940 to Harari performs the multilevel programming by changing

reference currents corresponding to respective levels. As shown in FIG. 1B, the reference



| evel . A reading process between the respective voltage pul ses verifies
whet her the cell reaches the desired threshold |level. During verification,
when the verified threshold | evel value reaches the desired threshold | evel
val ue, the programm ng process stops: In the systemfor repeatedly
programm ng and verifying, it is diffjcult to reduce the error distribution
of the thr ol d.d evel s due taq. r am vol tage | s 4 dt.h. _Furt her nore,
the. ol GBEPRHA BRICESE A, tisTPES e et S b g ol T Pee? ofd OF

addi t i pRadfofd, ifethbltildvBESARY: b WifRAS afd efflteivEI9doRRETIE inGhé Eitkdntar ea of a
chip. Mdreovér, this nethod increaSes the programming tine. To

el i m naingrotledmathode- st at ed drawbacks, R Cernea of SunDisk Co. introduced a
si mul t aneous programm ng and verifying technique (U S. Patent No.
5,422,842). FIG 1A shows the synbol and circuit diagram of the EEPROM of
Cernea. The EEPROM cell consists of a control gate 1, a floating gate 2, a
source 3, a channel region 4, and a drain 5. When a vol tage
sufficient to cause programming is applied to control gate 1 and drain 5, a
current flows between drain 5 and source 3. The current is conpared to a
given reference current to generate a programm ng conpl etion signal when
the current is equal to OrsﬂlﬁﬁﬁAWBFt Erﬁ,f‘@ﬁhmﬁbf:urrent . This process is
illustrated in FIG 1B. Tn this tecnnique, the programrng state is
automatically verified at the sane time as the progranmng to slightly
counteract the drawbacks of repeatedly programm ng and verification.
However, t hécedidiaghothe presenbigaentiope therpis pravideds methied &r nyagrammipg at he

menory_cel l 4s_not adjusted. U. Pat 1.2, 04 0,.t0 Harari

per o PN OIS ERBorLGI B omoh geteyt HonsliBionss & i A nt s

cor r es pigideNegibA dispefReBectwden/tBy 8latn anf¥Ssosiite)he methddzomdpriBing the stepé 6f: ence

3 currents for verification-are not explicitly or Iinearly related to the
t hr eshol d vapplyings fust veltage to. thanenteol gate to farm aninversiondayer amthstchameli r ect | y

and ef I'eegf(;[nl, \t/heel ﬁ/rstcw%rll’gaég Léiﬁg varie tb)eprg gurgrrneart] ie_ast two threshold levels of the memory

cell;

applying a second voltage to the drain and a third voltage to the source, the second
voltage being greater than the third voltage;

monitoring a current flowing between the drain and the source during the
programming of the at least two threshold levels; and

terminating any one of the first voltage, the second voltage, and the third voltage
when the monitored current reaches a preset reference current to thereby stop the

programming of the at least two threshold levels.

The reference current may have a fixed value during the programming of the at least

two threshold levels.

According to another aspect of the invention, there is provided a method for
programming a nonvolatile memory cell having a control gate, a floating gate, a drain, and a
source, the method comprising the steps of:

applying a variable first voltage to the control gate;

applying a second voltage to the drain and a third voltage to the source;
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The step of monitoring the current may include the step of monitoring an amount of

charge at the floating gate.

Preferably, application of the first voltage to the control gate forms an inversion layer

in a channel region disposed between the drain and the source.

The step of monitoring the current may include the step of monitoring a conductivity

of the inversion layer.

The first voltage may be varied linearly with respect to at least two threshold levels of

the memory cell.
The second voltage may be greater than the third voltage.
The reference current may be a fixed reference current.

According to a further aspect of the invention, there is provided a method for
programming at least two threshold levels of a nonvolatile memory cell, the memory cell
having a control gate, a floating gate, a drain, and a sour;:e, the method comprising the steps
of:

applying a first voltage to the control gate, the first voltage corresponding to a

respective one of the at least two threshold levels;
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The step of monitoring the current may include the step of monitoring a voltage at the

floating gate.

The step of monitoring the current may include the step of monitoring an amount of

charge at the floating gate.

Preferably, application of the first voltage to the control gate forms an inversion layer

in a channel region disposed between the drain and the source.

The step of monitoring the current may include the step of monitoring a conductivity

of the inversion layer.

The first voltage may be selected according to a linear relationship with the at least

two threshold levels.
The second voltage may be greater than the third voltage.
The reference current may be a fixed reference current.

The reference current may be a fixed reference current.

EF DE TION OF THE DRAWIN
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FIG. 2 is a diagram illustrating a programming method using a current detection
according to an embodiment of the present invention; |

FIGS. 3A to 3G are waveform diagrams for respective nodes of FIG. 2;

FIG. 4 is a flowchart of the two-level or multilevel programming process according to
a preferred embodiment of the present invention;

FIG. 5A isan equivalent'circuit diagram of the nonvolatile memory cell shown in
FIG. 1A illustrating the capacitance;

FIG. 5B is a graph of the relationship between the threshold levels to be programmed
and the corresponding control gate voltages; and

FIG. 5C is a plot of the drain current variation from the start to the completion of the

programming for the respective levels.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made in detail to the preferred embodiments of the present
invention, examples of which are illustrated in the accompanying drawings.

FIG. 2 is a diagram showing the construction of a nonvolatile memory device for
describing a programming method according to the present invention. The nonvolatile
memory device shown in FIG. 2 comprises a first voltage source 6, a second voltage source 7,
a third voltage source 8, a current detector 9, and an EEPROM cell 10. Ps designates an
externally-supplied programming start signal, and Vg designates a programming stop signal.
FIG. 1A shows the most general structure of the EEPROM cell 10. In other words, the

typical nonvolatile memory cell of a variety of types, such as a simple stacked gate and a
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DRAW Ns#agramming. Accordingly, voltage V¢, has a different value for each level. Second voltage
source 7 supplies a voltage Vp, to a drain 5 and third voltage source 8 supplies a voltage Vg to
a source 3. Here, any value can be applied as voltage Vg, but ground is assumed for voltage
V for convenience of explanation.

Ipi(t) designates a current flowing to drain 5. Current detector 9 has a reference
current value Iggp, and generates programming stop signal Vgr when current Ip i(t) flowing
through drain 5 reaches reference curfent Iggr during the programming of the ith threshold
level.

Time t,; denotes an endir-lg time of the ith threshold level programming. At this time,
reference current Iggr of current detector 9 is determined by an electrical characteristic of
EEPROM cell 10 which utilizes the programming method according to the present invention.

When current I i(t) of drain 5 is redefined, drain current I, i(t) depends on time. This
current value Ip i(t) denotes the current value at drain 5 triggered by a voltage Vg(t) at
floating gate 2 during the ith level programming. The current I ;(t) is at a maximum at the
beginning of the period of the programming and decreases as the programming proceeds.
Also, program stop signal Vg is generated from current detectdr 9 when it decreases below
the reference current Iggg of current detector 9.

Under the above-described conditions, a two-level or multilevel programming process
will be described with reference to FIGS. 3 and 4. FIGS. 3A to 3G show waveforms at
respective nodes of FIG. 2, and FIG. 4 is a flow chart showing the two-level or multilevel
programming process according to the present invention. Hereinafter, the method for
programming the EEPROM cell 10 of FIG. 2 according to the present invention will now be
described in detail with reference to the flow chart of FIG. 4.

For programming EEPROM cell 10 and forming an inversion layer in channel region
4, a first voltage, which is varied to correspond to every threshold level programming during
the programming of at least two threshold levels, is applied to control gate 1, and a second

voltage and a third voltage are applied to drain 5 and source 3, respectively, such that the
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DESCRI ivrndeq anerasedt stotomriontecpsriyming thegregramming. Here, the erased state denotes
a zero level which is the lowest level. It is also assumed that a floating gate FET has a

structure with an n-type channel on a p-type substrate.

First, as shown in FIG. 3A, when programming start signal Ps is externally provided
for the two-level or multilevel programming, voltage V; applied to control gate 1 is set for
the ith level programming. Whil_e programming start signal Ps of FIG. 3A is supplied,
voltages V¢; shown in FIG. 3B and Vp, are supplied from first voltage source 6 and second
voltage source 7 to control gate 1 and drain 5, respectively.

In this operation, floating gate 2 is supplied with electrons for the ith threshold level
programming. Here, any program mechanism may be used to supply the charge to floating
gate 2, but generally, either a hot carrier injection or tunneling mechanism is used.

After voltages V; and Vp, are applied to control gate 1 and drain 5, respectively,
current detector 9 is turned on to monitor the voltage variation at floating gate 2. Once
voltages V; and Vp, are applied to control gate 1 and drain 5, as shown in FIG. 3C, voltage
Vg;i() for the ith threshold level programming is imposed upon floating gate 2, and the
inversion layer is formed in channel region 4 of the FET. Actually, since source 3, drain 5,
and channel region 4 are placed on a semiconductor substrate (not shown), the current flows
from drain 5 to source 3 via channel region 4 once the inversion layer is formed. At this time,
current Ip i(t) flows to drain 5, which is at 2 maximum at the beginning of the period as shown
in FIG. 3D, and the electrons are injected into floating gate 2 along with the progression of
the programming to decrease the floating gate voltage, so that current I i(t) also decreases.

As described above, current detector 9 monitors drain current I ;(t) during the ith
threshold level programming. When the monitored value reaches reference current Izgg, as
shown in FIG. 3D, the ith threshold level programming is considered to be complete and

programming stop signal Vgy is output as shown in FIG. 3E. Here, it is described that current
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FIG. 3F represents the variation of threshold voltages VCTH’, and VCTH,z at control
gate 1 with respect to the time for the programming of the first and second threshold levels.
Also, FIG. 3F illustrates the increase of threshold voltage VCTH,, at control gate 1 as the
degree of the level increases during the multilevel programming. This is obtained by
increasing voltage V; during the programming. Here, the programming times t,1 and t;; of
the first and second levels are different because of the different amounts of variation of the
control gate voltage and threshold voltage corresponding to respective levels.

On the other hand, FIG. 3G is a plot of the charge variation at floating gate 2 from an
initial charge amount Qg o(0) at floating gate 2 to the charge amount Qr,1(t,,1) when the first
threshold level programming is complete and the charge amount Qg 5(t,,) when the second
threshold level programming is complete, in case of the first and second threshold levels. As
shown in FIG. 3G, the charge amount at floating gate 2 increases from the initial value
Qr,o(0) to respective charge amounts Qg y(t, ;) and Qg 5(t, ) when voltages Vi (1) and Vi, (t)
(where t =t ; and t = t,,) at floating gate 2 reach reference voltage VFREF at floating gate 2
corresponding to reference current Ipgg.

Referring to FIG. 5A, the relationship between voltage V| applied to control gate 1
and the threshold voltage of the corresponding level will be described, which is one

significant result of the present invention.



reference current I[err] of current detector 9 is determ ned by an
el-ectrical characteristic of EEPROM cell 10 which utilizes the programm ng
nmet hod according to the present invention. When current I[err](t)
of drain 5 is redefined, drain current I[err(t) depends on tine. This
current value I[err](t) denotes the cgrrent value at drain 5 triggered by a

vol t age V[ at ro t e ith | eve ng. The
current eﬂd (51‘6% 15jag eguy, eﬁﬂafcﬁh rﬂe lagrarp éo%@élt ffargciance ﬂt‘*‘%ﬁq{m t he
progr 18N4A08% FRESSE, @Sddsitmaits 4%h HREWERRDAtroV 201 aild AGAEEP St 0P
si gnal V| (ge}ﬁrén?s gener at ed@(f s&?‘éur rent detector 9 V\/ne(r)lybélt decr easfeﬂg bel ow
t he regae emlglscanapmtanb¢ hetw]eem&rauui Mﬂodnngegate(ﬂ a8d Cs is a capacitimger t he
above-descri bed co tilevel programm ng process

ons
will bee t&’é%’bﬁ“ﬁ“&d“%%‘i’r"&@ﬁfél‘“éﬁ@ée @83 Péslg%at% d 4. FIGS. 3A to 3G show
wavef or s %1 'Eh!%a ﬁ%?ce?f:aﬂe@mﬁené‘é“d FIG 4 is a flow chart show ng
the two-1|ev or Tru progranmm ng process according to the present
i nvention. Herei nafter the nmethod for programm ng the EEPROM cel | 10 of
FIG 2 according to the present invention will now be described in detail
with reference to the flow chart G~ e &Cnt Cs For programmi ng EEPROM
cell 10 and form ng an inversion |layer in channel region 4, a first
voltage, which is varied to correspond to every threshold | evel programm ng
during the piRgEaplingGostficithts cTaaéh dapacitaitesBdetinddasel s, is applied to
control gate 1, and a second voltage and a third voltage are applied to
drain 5 and source 3, respectively, such t hat. t he
8 voltage applied to drain 5 i eater an t applied to source 3.
‘Then, the current flow ng b% \A&@éﬂde?%l Etr?él rs%h?’&e 3is monitored whtl e
progranmm ng the respective threshold | evels of EEPROM cell 10, and the
supply of any one anong the-first, second, and third voltages respectively
applied to EoRIG.AA,dk wlthge dt Boating gateritidwingrpregramingng & generally gvrittensisop t he
progranmm ng when the current reaches a predeterm ned reference current.
This nmethod will be described in detail below It is assuned that a
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where reference symbol Qg(t) designates the charge amount at floating gate 2 at time t.

During programming, threshold voltage VCTH(t) at control gate 1 is defined as:

Vet = -Qe(t)/Cc )

In other words, VCTH(t) in equation (4) designates a threshold voltage shift measured
at control gate 1 at time t. Threshold voltage shift VCTH(t) denotes a threshold voltage
measured at control gate 1 after being caused by the charge stored in floating gate 12.

Also, threshold voltage VFTH at floating gate 3 is an inherent threshold voltage of the
FET, consisting of floating gate 2, drain 5, and source 3 of FIG. 1. VFREF is determined by
the manufacturing conditions of the FET, such as a channel ion implantation and the
thickness of the gate insulating layer when fabricating the EEPROM cell shown in FIG. 1.
Therefore, threshold voltage VFTH of floating gate 2 is always constant.



is under an erased state prior to performng the progranm ng. Here, the

erased state denotes a zero level which is the lowest level. It is also
assuned that a floating gate FET has a structure with an n-type channel on
a p-type substrate. First, as showmn in FIG 3A, when programm ng

start signal Ps is externally provi delq for the two-level or nultilevel

Dot oo BRHEHE Eab 5B S hfabe SRR Pl SRt S planbs 4 11
suppl i Glihr%éég(l; he@esinylgated. BhOWBglathniihiof ABpetiide Wiredhold RVEls S fRBdddad sfopom

first vol source 6 and second voltage source £ to control gate 1 and
drai n ®hen welpageVi(® ayfloating gate 2 reachdsireferspes voltagn V ircd fioatingygate 22 That
supplied with electrons fgor the,ith th olL.d level progpamm ng. Here, any
o1 b afh HELPRIR SomenRghon &0 Hectins et st ot of Giae e BesE iAo e o but
generakly,,.8i b elhb R anl,'rg i ng mechanismis used.
Af ter \k}ﬁ’taggeaissla%?ggs ﬂgﬁﬁ%bg’rtgé {)"% ied'ﬂltggg g%lﬁ?[r@g% gate 1 and drain 5,
respect i vel fhug; wohage VAe) ef floating gate 2 wheethe direshwldrievel progtaneminglis age
variation at floating gate 2. Once voltages V[err] and V[err] are applied
to contPBPlElEfe 1 and drain 5, as shown in FIG 3C, voltage V[err](t) for
the ith threshold | evel programmng is inposed upon floating gate 2, and
the inversion layer is forned in channel region 4 of the FET. Actually,
since source 3, drain &F(@HVE@W[VéegFﬂ[(tpﬂm&/ﬁag‘ég on a sem condgyt or
substrate (not shown), the current flows fromdrain 5 to source 3 via
channel region 4 once the inversion layer is formed. At this time, current
I[err](t) fhkQws, toO ' [ ' t & ' | Api t he
per i od as s B apeiddtaton B iliek® VR s APV 0P REH O Ol |
gate 2galedng: Wi th the progression of the programming to decrease the
floating gate voltage, so that current ID/i(t) also decreases. As
descri bed above, current detector 9 nonitors drain current I[err](t) during
the ith threshold |evel Qg ] When_t.he Ltored val ue reaches
reference current I[err], Wgs‘{@%ﬂgﬁ REF tfp\g'bj %@faﬁ h threshold I evel
programm ng i s considered to=h¢CTﬁgr§plvqe and progranmm ng stop signal BT
is output as shown in FIG 3E. Her®, it is described that current

where;

Vl= [VFREF - apVp - asVsl/ac )

Here, by adjusting three parameters of drain voltage Vp, source voltage V, and
reference voltage VFREF such that value V1 is fixed at the programming ending period of the
respective level programming, control gate voltage V¢ and threshold voltage shift VCTH are
linear with respect to each other. In the simplest method for making V1 fixed, respective
drain voltage Vp, source voltage Vg, and reference voltage VFREF are fixed with respect to the
programming of the respective levels.

However, as expressed in equation (5), drain voltage V and source voltage Vg are to
have the same value at the ending point of the programming of the respective levels. In other
words, although drain voltage V, and source voltage Vg may be variables differing in
accordance with the programming time, the above object can be obtained only by permitting

the values to be equal at the ending point of the programming.



9 detector 9 nonitors current I[err](t), which substantially, as shown in

. FIGS. 3C and 3G, can be described by nonitoring the variation of the

vol tage or amount of charge at floating gate 2 during the progranm ng.

That is, as shown in FIG 3C, the floating gate voltage reaches a reference
voltage V [err] at floating gate 2 cofyesponding to reference current

| wh
a1 on ¢ b EfuafbR(R, bty CRRiER, LMY ERRERUAEARY dnfldHrar "
moni t Obbmgmtgfbeeﬁ'mi‘ﬁiltlﬁé, ithd two efms hﬁolwingecrompnmg tefhtiedto ayead apmepbanel regi on

4 of FIG 2, In FIG 2, progranm ng stop signal V[err] is provided
to fi r$&n°a¢¢d second voltage sources 6 and 7, and first and/or second

cont rol gat df o), e BRE driugitRloRlagl B R AEBRANE LN R IP AR 1 e
shown iimadcbfdancBwith fin¥, N8 thivessdsiheivhlue Wf teittol ighRMolthd Vi of l'd% EctivB dVels
reference current I[err] at the time t = t%err] the ith threshold | evel

pr ogr ahtha yalug owmnémsdnmrntwéﬂ@rmermmo {egperc}lvq&ervgtses t he t| me of

Var vat 1 on' o e UL et 3y BagresBiT sipyrespes toeke progratBhes BebRt o 1 with

respec I R4 gfd threshold
.l evel stde%é\&lg%@gb&}e% thet Co?ﬁgtéragfggéghe }?F‘égﬁlgg{‘gxﬁéﬁr es hg voI tage V[err]

at contpragramgonieg i& eapresdtrd ad equationdB) byhmedms\oflequationd@ses during the
mul tilevel programm ng. This is obtained by increasing voltage V[err]
during the programm ng. Here, the programmng tinmes t[err] and t[err] of
the first and second | ewpls-gre f (5 a of e different a ts
‘of variation of the contr% g£¥e“d\'yf3| ngfe& aﬁ?iqt’ f%sh’g'l dﬁvol t age )
corresponding to respective levels. On the other hand, FIG 3Gis a
pl ot of the charge var i atéon at floati n%wgate froman injiti aI char ge

t

anount  { er MYV e eduption Sﬁdtgﬁ’c@ rgalized W@h‘ﬂéﬁ%‘(ﬂﬁ desjred fbq [err])

when t h ar ge
amount My Eredpa B bftol P oRiBARNNE (ol oI, Thchn BBV GRS O
conpl etrelatibmwithaslopk of bee.f FIG.tSBailliisteteshie réslt o Blegd, ¢t difV@hDe ndfedstgn i n
FIG 3G the charge anount at floating gate 2 increases fromthe initial
val ue cfBtion(@) ﬂl@g the sharge ampunicaf flogiing gete Atis limgas with(respeet to)the pentrol gate
Qerr](vtbi er]) when voltages V[err](t) and V[err](t) (wheret = t[err] and
= t[errt% at floating gate 2 reach reference voltage V[err] at floating
gat e 2 corr esipRRahRyV1 & doabehti@Rsdibed @bével hefth bhift value DV R6f BE Wblbet 0 FI G
5A, the rel ationship between voltage V[errj applied to CORt r ol gate 1 and
t he t hrappkisl t@ opotrelaste bﬂummgathcmul‘égpdrMOgrgmhemis exptedssddastdescri bed, which
is one significant result of the present invention.

DVg;= DVCTH,i ©

From equations (8) and (9), when shift value DVCTHJ goes from the erased state, i.e.,
the lowest. level, to one of the respective threshold levels determined during the two-level or
multilevel programming, the programming of the corresponding level is performed so that a
value, obtained by adding the desired threshold level shift value DVCTHJ to a value V¢ of the
previously known lowest level programming, is applied to the control gate voltage. One then
waits for the automatic completion of the programming,

Here, since reference voltage VFREF is a constant and control gate voltage V;
increases as it reaches a higher level with respect to the programming of the respective levels,

the initial value Ip ;(0) of the drain current increases as it reaches the higher level. This



10 FIG 5A is an equivalent circuit diagramshow ng the capacitance
of- the' EEPROM cell of FIG 1A In FIG 5A ({err] designates a capacitance
bet ween control gate 1 and floating gate 2, CD is a capacitance between
drain 5 and floating gate 2, and CJerr] is a capacitance between source
(including the substrate) and fl oati ng gate 2. A sum(err] of the
capaci tance

Cerr] Em@f%ﬁ'? iiﬁlrs]é]tgc} }/\[/]r i;"fc‘b[%g:r ?.fllso, the programming completion point of tltelt)espective

Al'so, eRERlid PiiedAREHgRO e dléctAdd] RhAARBGcI BE hedmat9TeNStndthe voltages
aferr] = (err]/Cerr], aJerr] = (err]/Cerr], as = (err]/(err]

(2) applied to tHerrespleQiveougdes.he vol tage at floating gate 2 during progranmi ng
i s generall

VTer ] (1) ot on B Ffmigig ppnged e vlage Yoy YUETEe o GPEPH VS eper 1
* 30 o7 R Bihing 1o prbihinklof T bRREINAE il ndwHe ket T

To begin, two parameters of control gate voltage V¢ ¢ and reference current Ipgg at
floating gate 2 remain in equations (7) and (8) if the desired lowest level value VCTH,O, drain
voltage Vp and source voltage Vg of the selected memory cell are determined. Here, since
drain voltage Vp and source voltage Vg are constants, reference voltage VE eer corresponds to
reference current value Izge On a one-to-one basis.

The memory cell is adjusted to the desired lowest level value VCTH,O, and voltages
V0. Vps, and Vg are applied to the memory cell. Then, initial drain current value Ip o(0) is
measured which becomes the re.ference current value. Here, voltage V¢ is determined in
consideration of the programming time and the maximum control gate voltage V¢ ;. Once
voltage V¢ is determined, the reference current value can be obtained by the above-
described method. The reference current value can also be measured using several other
methods.

In the foregoing description, the value V1 of equation (7) is fixed with respect to the
programming of respective levels. If the parameters of equation (7) are adjusted to vary the
value V1 for the programming of the respective levels, control gate voltage V; and the
corresponding threshold voltage VCTHJ have a nonlinear relationship a§ shown by equation
(8). Therefore, the shift value of the control gate voltage and the shift value of the
corresponding threshold voltage differ. In this case, reference current Ipgp is properly
adjusted by a desired value for each level to enable the programming of the threshold voltage
corresponding to each level. Only that, since control gate voltage V; and the corresponding
threshold voltage VCTHJ have a nonlinear relationship, their relationship can be
experimentally determined.

Moreover, the concept of the present invention described herein is explained
regardless of the programming mechanism. Thus, it can be realized that the concept of the

present invention is applicable to the programming mechanism of any system expressed by

equation (3).



where reference synbol (Jerr](t) designates the charge anount at floating
gate.2'at time t. During progranming, threshol.d voltage V[err](t) at
control gate 1 is defined as:

Merr](t) = -Q(t)/CC (4) I n ot her
words, V[err](t) in equation (4) de5|g4}ates a threshold voltage shift

rreasured at S I ﬁ‘%‘% t)
denotes a t%f@glil]{)?ﬁol Jaeété&{nggisegifles(f eﬂ rgo régtvfe) a?? %4% %:ngsed
by t he dedifvgltagetand @dntirdl gateowiliage a:gaabphé&wnh a positive Mlsage shfﬂoeainlgvl Higlvol t age
VFTH at floating gate 3 is an _inherent threshold voltage of the FET,

consi sERPREhdP caussahe nr@gtjmrémg bydios payrist injgstion. ot‘nt tl'és timef the cgrent flowser r] i s

det er ur condi ti.o a channel
fonCl i nﬁeﬁt%r%%geaﬁg%s@ L RGP Sy I lRorioled LR B8 2 00
fabri cfar\,h;%a Emcﬁﬁbﬁt rs&mwrdfaeﬁegungm nger efore, threshold vol tage
VFTH o oatl ng gate 2 is always constant.

11 HoWesrethe turineing sisteny il qnageyedg epp§mb¢ vatage ioappiad &o gontel gateer i ned
by th f. t f 2. Th

espoctls BBt § R I 0 apuifeds pORiadd0 B 5 a7 stiftn S B eagRit A it
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is, this point corresponds to the tinme that curfrent 1D(t) of drain 5
r eac heshamfebreginned. cAt thisiime,[the dx]a;n mldiga issgreater thes persdsrce voltageethefeby r] t he

D 00" S e SO0B 5 vy v iy P35 T L L Ll g 1
the programming when the current reaches reference current Ipge. If a negative voltage is
applied to drain 5 or source 3, a smaller or equal voltage is applied to the substrate when
drain § and source 3 are n-type 'semiconductor impurity regions and the substrate is a p-type
semiconductor.

Heretofore, the two-level or multilevel programming method is described.
Hereinafter, an erasure method using the above programming system will be described.

In connection with the erasure, voltages are applied to respective nodes to impose an
electric field strong enough to erase the charge carriers between floating gate 2 and source 3,
drain 5, or channel region 4, thereby erasing the charge carriers to source 3, drain 5, or
channel region 4 through tunneling. According to the present invention, the erased state
denotes the lowest threshold level, i.e., VCTH,O. In other words, all EEPROM cells within a
given erasure block are programmed at the lowest level. Thus, the erasing process is easily
carried out by the following steps.

Fi;st, the threshold levels of all cells within a selected block are erased to below level
zero, i.e., below VCTH,O. Successively, all selected cells are programmed with the level zero
value, i.e., the voltage of control gate 1 is V¢ o. Here, the value of V. can be set by a proper
value as described above. Since the erasure state is attained by the above-stated programming
mechanism in actual aspect, a problem of excessive erasure can be solved.

The programming method according to the present invention as described above has

the following advantages.



conplete is: V[err](t[err]) = V[err] =

a[eerr]V[err] - V[err](t[err])] + a[err]V[err] + a[err]V[err] (5)
By rearrangi ng equation (5), voltage V[err] applied fromfirst voltage
source 6 to control gate 1 is: Vierr]=

Vlerr](t[err]) + [V[err] - a[err]V[ery] - a[err]Vierr]]/a[err]
ijE :r 1t 1e~‘1rsJ }nuftxlevel programming is easily executed sx{yic_ortly/tlre qujage ogﬁlgrcpfl@%ler (-

aferr] ?Lt%rii $HaR g&i fok each programming of rdspéctive threshold le¥#16e. by adjusting three
paranmefers of drain voltage. VD, "source voltage V[err], and reference

vol t age V[ eSc(}otElumlspttdtlac threshohi ¥dltags lerIe}seaddePcctte/emougolagﬂm vejtagasli ng peri od
of the res ive | ev contro ate \e a t hreshol d

ol 1 AgevErpPRlinE B irprarB e fed ol Photio by sack ofieh aad etegyaiae B fhee '<; rpl est
met hod ysalg vol t age
V[err], tﬁr9£ %l&ge?\%&g \%ggﬂ?gsggﬁ\%/ﬁer r%hya?%ﬁ?%éhg?@ \%la %lty%f)g(@tmb hﬁﬁg

pr ogr anhd ai:gumfe ddhestrhestpd chid theesheldedoftage shift of respdmtiew bavelsas expressed in

equation (5 drain voltage VD an %o rce voltage Vs are to have the sanme
avi wed

val ue at thdhig$ipgs 198 Fwecbﬁtaten%a Ban pRjiosel sandrol gt aelingraviththel s. I n
ot her M@Wﬁ SHe ibvéefsﬂeoelvme&eaﬁ%sst\é@ @[}ﬁm;@%frégl n@/ﬁé&@%ﬁle\é@&h@ may be

vari ab Ing I'n accordance w e above

obj ect can IFouah)thé BEBROM teld inHesuntly tpeifofind frograainiag ahd rdddigqual at the
endi ng point of t he programm ng.
simultaneously, so that a separate circuit for verifying the programmed content is not

required, and consequently the programming speed is increased.

Fifth, a previous prograr_nming is not needed before executing the erasure.

Sixth, the accuracy of the multilevel programming, i.e., error distribution of the
programmed threshold voltages, is accurately determined by the parameters fixed during the
fabrication of the nonvolatile memory and application of the bias voltage. Therefore, the
threshold voltage error distribution of respective levels of the nonvolatile memory according
to the present invention is not dependent on many programming/erasing cycles. Furthermore,
programming is performed independent of the trap of the charge, channel mobility, bit line
resistance, and unstable or unpredictable electrical elements.

Seventh, since the programming system of the nonvolatile memory according to the
present invention is a voltage-controlled method by means of the control gate voltage,
multilevel programming can be performed more easily and accurately than the current-
controlled method.

It will be apparent to those skilled in the art that various modifications and variations
can be made in the method for programming a nonvolatile memory of the present invention
without departing from the spirit or scope of the invention. Thus, it is intended that the
present invention cover the modifications and variations of this invention provided they come

within the scope of the appended claims and their equivalents.



12 In equation (7), if coupling coefficients aD and as are
considerably smaller than coupling coefficient ac, the two terns involving
coupling coefficients aD and as nay be ignored. In equation (5), the
val ue of control gate voltage V[err] of respective |levels may be. varied in

accordance with tinme. In this case, t val ue of con
V[err] ¢ I! e levels is the value of the endi ﬁ mgﬁﬁ
|| o . .
progra ctive levels. Value V1 is w®orce st ant
Wi th respect to every programm ng | evel as described above so that control

gate voltage V[err] required for the ith threshold | evel progranmng is
expressed ad. equékmgﬁhog ét)r mg'gmmag emonvplatile sengory cell having a control gate, a

V

'V g %ﬁ%ﬂn §°ur°fee e SpaatipL BB i Ben e dori 00

desi r eghe Aeth6d BERSH st of:he control gate voltage applied corresponding
to them have the |near reI ation with a slope of one. FIG 5B illustrates

the result. apﬁyiugalﬁrs’eﬂ'czltagcacnthbeommlegateftpdmapuatvcxsmn(layertitn&he dhlanned har ge
anount of floafin ate 2 is. linear with res 0 gate

o t agasion, the st Vaiflge Befig Gred b Tiombn aisast ks rgrsBeli Ipysls Ghbe et | ¢ b
shift .ue DV[err] of the voltage applied to control gate 1 during the
mul til evel programming is expressed as:

DV[ err] = Ddppleingla second voltage to the drain and a third voltage to the 68yrce, the second

voltage being greater than the third voltage;

monitoring a current flowing between the drain and the source during the
programming of the at least two threshold levels; and

terminating any one of tile first voltage, the second voltage, and the third voltage
when the monitored current reaches a preset reference current to thereby stop the

programming of the at least two threshold levels.

2. The method for programming a nonvolatile memory cell according to claim 1,
wherein the reference current has a fixed value during the programming of the at least two
threshold levels.

3. A method for programming a nonvolatile memory cell having a control gate, a
floating gate, a drain, and a source, the method comprising the steps of:

applying a variable first voltage to the control gate;

applying a second voltage to the drain and a third voltage to the source;

ménitoring a current flowing between the drain and the source during application of
the first voltage to the control gate; and

terminating application of any of the first voltage to the control gate, the second
voltage to the drain, and the third voltage to the source when the monitored current reaches a

reference current.



From equations (8) and (9), when shift value DV[err] goes fromthe erased
state,’ i.e., the lowest level, to one of the respective threshold |evels
determ ned during the two-level or mnultilevel programm ng, the progranm ng
of the corresponding |level is perforned so that a val ue, obtained by addi ng
the desired threshold level shift valye DVierr] to a value V[err] of the
previ ously known I nroagr 1N j: J gate
voltage. One't he;ll‘h%aﬂ%?{s()dffgkr/s Jtof*?red"é U n%[%‘toln Ol@%%pﬁ%?%’ﬂgﬁcgg%g?%gﬁﬁﬁggiag% ng.

Her e, §ihBfeth thefsRpfefonyiolihg @ cdiehf thcluBesthe 6te béfionRBnE NbIaYe aydiec Vol t age
V[err] increases as it reaches a higher level with respect to the

pr ogr aflpating gate.t he respective levels, the initial value I[err](0) of the
drain current increases as it reaches the higher level. This

13 process is illustrated in FIG 5C. Also, the progranmm ng conpl etion

poi nt of the resggeiefod Y flogrdndmindid RihvalkER HeM6ry! @11tieor8ingab tiagdl3,
characteristics of the nenory cells and the voltages applied to the

r especwiherimtestep of monitoriag thet dvorgnf includes the siepiofignonitating bn gmpentad] t age
Vlerr] and rtg}erence current value I[err] for perform ng the programm ng of
the | ofBEe phefloghing 83ew be descri bed. To begin, two paraneters of
control gate voltage V[err] and reference current I[err] at floating gate 2
remain in equations (7) and (8) if the desired |l owest |evel value V[err],
drai n vol t age V[ fihemetlinstl foo progeanmmirtgrgmonvpiatitg mehotyheellsaeterdingdo wtaimdy cel |
are determ.ned. Here, since drain voltage, VD and soyrce voltage V[err] are
const arfthsrein é?lé’rcéﬁ%oﬁ/‘gF l&ﬁém{W%eéPrﬂ]‘e QRSI?TPE&%%?R{@S@B IRVTHPR IAYET B A r ent  val ue
[[err] -t 0 i : ry cell is adjusted to the
desi re&ﬁ%é‘%é%??ﬂne%%%‘daﬁﬁi’k tgFr ?‘ng‘#}%&\%f’{ﬁgg};s Vlerr], V[err], and V[ferr]
are applied to the nenory cell. Then, initial drain current value I[err](0)
i s nmeasured which _becones the reference current value. Here, voltage V[err]

i s determndd i nThsmagthed o prgranminga penyglatitsmagory ¢atl acaerdingdoiaimfym

contr OIw ?é[ir? t%osltetpa&e mc%ii%rr{n]g 'theoc1u%9ent includes the step of monitoring a conductivity of

the inversion layer.

8. The method for programming a nonvolatile memory cell according to claim 3,
wherein the first voltage is varied linearly with respect to at least two threshold levels of the

memory cell.

9. The method for programming a nonvolatile memory cell according to claim 3,

wherein the second voltage is greater than the third voltage.

10. The method for programming a nonvolatile memory cell according to claim 3,

wherein the reference current is a fixed reference current.

11. A method for programming at least two threshold levels of a nonvolatile
memory cell, the memory cell having a control gate, a floating gate, a drain, and a source, the
method comprising the steps of:

applying a first voltage to the control gate, the first voltage corresponding to a

o

respective one of the at least two threshold levels;



voltage V[err] is determ ned, the reference current value can be obtained
by the above- descri bed nmethod. The reference current value can al so be

nmeasur ed usi ng several other nethods. - In the foregoing description,
the value V1 of equation (7) is fixed mnth respect to the progranm ng of
respective levels. If the parameters equation (7) are adjusted to vary

th | ue V1_for th f R trol gat
Vol tage v erPr i ErBiE BREE i z}neﬁ A ERB P o B Shery have o
nonl i near r ehdHitofiAg RicArrast VNG bBiweesl HRtdraiA ab8the sbafcRh®ing applic@tisRof t val ue

of the control gate vol tage and the shift value of the corresponding
thresh(ﬂlfdﬁvbmltagetQiﬂICfCertmllgﬂtq,lﬂné case, reference current I[err] is

I dj b I le th
D ogr amei ng ‘ST RARPLERR S 7oy PLISE fd o BBt aRe frritT a8 Pe Bopd o
that, SioRgg Y drdin, 4Ad treMtRIrd $8Rag¥li6 Hel soBRE WHRR tRMbARRLA dlinéhtriicgshp! d
vol tage V[err] havé a nonlinear relationship, their relationship can be

exper i mefeteakt gurtemt.er mi ned. Mor eover, the concept of the present

i nvention described herein is explained regardl ess of the progranm ng
mechani sm Thus, it can be realized that the concept of the present

i nvention i appl ] I : t

expr 6556 b?zequ al:h:é%étg%c% f?)rtpp@gr%ﬁﬂﬂgaﬁ'mdwm?ﬁ&ﬁ%bmaf acOpiny/to' ctdiin

14 11, whereirhthe btep of atonitering theenirentinclydésahe step efimonitering 4 heltapeur the

vol tage is grounded, and the drain voltage and control gate voltage are
appl i edﬂqmlflﬁgge'pom tive voltage sufficiently high enough to cause the
programm ng by hot carrier injection. At this time, the current flows
between drain 5 and source 3, and this programring current is nonitored to
stop the pragt amifhegnathed dr peogtahiriny a he:aolktile meoreos Paceuidiggto didiey r] .

When the tunnel i ng systemis enployed, a positive voltage is applied to
cont r ol 1 lgwherein thg sigppf ms@&pr%ﬂ{ecﬂurrzetrlasludm the,sfep PEmepipriegian amauntiof 5 and

source c%argAsat ﬁlerfﬁ%{ﬂ'lé gat@. sufficient

14.  The method for programming a nonvolatile memory cell according to claim
11, wherein application of the first voltage to the control gate forms an inversion layer in a

channel region disposed between the drain and the source.

15.  The method for programming a nonvolatile memory cell according to claim
14, wherein the step of monitoring the current includes the step of monitoring a conductivity
of the inversion layer.

16.  The method for programming a nonvolatile memory cell according to claim
11, wherein the first voltage is selected according to a linear relationship with the at least two
threshold levels.

17.  The method for programming a nonvolatile memory cell according to claim

11, wherein the second voltage is greater than the third voltage.

18. The method for programming a nonvolatile memory cell according to claim

* [4 L M s *

11, wherein the reference current is a fixed reference current.



electrical field is inposed to cause tunneling between floating gate 2 and
drain 5, source 3, or channel region 4. At this tine, the drain voltage is
greater than the source voltage thereby allowing the current to flow
between drain 5 and source 3. The current is nonitored to stop the
programm ng when the current reaches jeference current I[err]. If a
negative voltage is applied to drain 5 or source 3, a smaller or equal
voltage is applied to the substrate when drain 5 and source 3 are n-type
sem conduct 99, i niheirhsthodfor prspranmhingeneiviotdtilainemiosy eellaccydingterdaimnduct or .
Heretofore, the two-level or multilevel progranmm ng nethod is descri bed.
Her ei nhitvdiereinghesiefasencs cnEerds a dixed rpfensace Bt pr ogrami ng systemwi || be

descri bed. In connection with the erasure, vol applied to
respective nodes to inpose an electric field strong e+ i’j@ﬂ"giﬁ ﬂﬁEu‘ ue
charge carriers between floating gate 2 and source 3, n A nel

region 4, thereby erasing the charge carriers to source 3, drain 5, or
channel region 4 through tunneling. According to the present invention, the
erased state denotes the |owest threshold level, i.e., V[err]. In other
words, all EEPROM cells within a given erasure bl ock are programed at the
| onest | evel. Thus, the erasing process is easily carried out by the

foll ow ng steps. First, the threshold levels of all cells within a
sel ected block are erased to below | evel zero, i.e., below V[err].
Successively, all selected cells are programmed with the | evel zero val ue,
i.e., the voltage of control gate | is V[err]. Here, the value of V[err]

can be set by a proper value as described above. Since the erasure state is
attai ned by the above-stated programm ng nechanismin actual aspect, a

probl em of excessive erasure can be sol ved. The progranm ng net hod
according to the present invention as described above has the foll ow ng
advant ages. 15

First, multilevel progranmng is easily executed since only the voltage of
the control



gate is changed for each programm ng of respective threshold |evels.

Second, respective threshold voltage | evels and respective control gate
vol t ages corresponding to them have a linear relationship to each other,
and the shift value of the threshold voltage is the sane as the shift val ue
of the control gate voltage, thereby abling the accurate adjustnent of
the threshold voltage shift of respective |evels. Third, since the
erased state is adjusted by an optional control gate voltage with the
programm ng of the | owesi\B >, OETHE DISCIOBWREl Yy no probl em of
excessive erasure. Fourth, the EEPROM cell inherently perforns
programm ng and readi ng sinmultaneously, so that a separate circuit for
verifying the programed content is not required, and consequently the
progranm ng speed is increased. Fifth, a previous progranmng i s not
needed before eweqHODFORPROGRAPIMING A NONYOLATIIE MEMGRY Of the
multil evel programmng, i.e., error distribution of the programed
threshol d voltages, is accurately determ ned by the paraneters fixed during
the fabrication of the nonvolatile nmenory and application of the bias

vol tage. Therefore, the threshold voltage error distribution of respective
| evel s of the b Bt grall i ion is not
dependent orl%%lgﬁigugéx?ﬁ%mn ngggpgggﬂgﬁlgm@c Igﬁ%ﬁégﬁng?%tfdl%}%g%amﬁ ng i s
per f or fipdtinggete,andtaint a sdurtd) and aaharnie] fegivnalispoge betWwesinthk dradhd sotred)i t | i ne
resi stance, and unstabl e or unpredictable electrical elenents.

Sevent fthe methed inghidep thegtensof applyingradirsbyoltage tobe ventzaligate tade@ 9 accor di ng

to the. ' ' ' B ral | ; t he
contr oSG b EA (linetip@oiithd REE S SR e SRR BiSpin BRAE A0 L 07, |
and acehresiord JevEll af tHeltBerfiory cRIlf applyAig b 8¢doad vBRAdeQd the drain and d thirdivbltagee
apparent to those skilled in the art that varjious nodifications and

vari at itoHs seurseibe aecgad valtagedeing greafer than thedbirdivoliagg, monigoning aeurreat nrenory
of the present. invention w thout departi,ng from t.he i T r, scope of the
nvent e pirgresy R dcai sl ineddteck SAhe Miradeainint of e ob eaf Ry *F he

nodi f i GRdebIRIM 1ev8H, MRtk RihANE &y dnBiof theHSIWdl@Be, RhOY¥cHRE voIRDYE, & e WMitdi N’

t he scope of the appended clains and their equival ents.
voltage when the monitored current reaches a preset reference current to thereby stop the

programming of the at least two threshold levels.

Figure 2



What is clained is: 16 1. A nmet hod for
programi ng a nonvol atile menmory cell having a control gate, a floating
gate, a drain, a source, and a channel region disposed between the drain
and source, the nmethod conprising the steps of: applying a first
voltage to the control gate to forman inversion |ayer in the channe
region, the first voltage.being varied to programat |east two threshold

| evel s of the nmenory cell; applying a second voltage to the drain
and a third voltage to the sourc cond vol tage being greater than
the third voltage; nDnltoﬁq Q 23 i ent fl owi ng between the drain
and the source during the progragnﬂﬂg- tﬁe at least two threshold | evels;
and term nati ng any one o fﬂq vol t age, the second voltage,
and the third voltage when the nonitored current reaches a preset reference
current to thereby stop the progranm ng of the at |east two threshold

| evel s. - 2. The nmethod for programm ng a nonvol atile nenory cel
according to claim1l, wherein the reference current has a fixed val ue
during the programrmng of the at |eastytwo threshold |evels. 3.

A method for programm ng a nonvol atile menory cell having a control gate, a
floating gate, a drain, and a source, hel met hod conprising the steps of:
applying a variable first voltage_to Trme%ontrol gat e; applying a

second voltage to the drain and a third voltage to the source;
nonitoring a current flow ng between._the drais« and the source during
application of the first voltage ta. the copntrol gate; and

term nating application of any of]thg first{voltage to the control gate,
t he second O-
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.voltage to the drain, and the third voltage to the source when the
nonitored current reaches a reference current.

17 4, The nethod for progranm ng a nonvol ati | e menory cel
according to claim3, wherein the step of nonitoring the current includes
the step of nonitoring.a voltage at the floating gate. 5. The
nmet hod for programm ng a nonvol atile nmenory cell according to claim3,
wherein the step of nonitoring the current includes the step of nonitoring
an amount of charge at the floating gate. 6. The net hod for
progranmm ng a nonvol atile nmenory cell according to claim3, wherein
application of the first voltage to the control gate forns an inversion

| ayer in a channel region disposed between the drain and the source.

7. The nethod for progranm ng a nonvolatile nenory cell according to

claim6, wherein the step of nonitoring the current includes the step of
nonitoring a conductivity of the inversion |ayer. 8. The

met hod for progranmi ng a nonvolatile nmenory cell according to claim 3,

wherein the first voltage is varied linearly mnth respect to at |least two
threshold I evels of the
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. menory cell. 9. The nethod for progranm ng a nonvolatile
menory cell according to claim 3, wherein the second voltage is greater

than the third voltage. 10. The nethod for progranm ng a

nonvol atile menory cell according to claim3, wherein the reference current
is a fixed reference current. 11. A nmet hod for progranm ng at

| east two threshold I evels of a nonvolatile nenory cell, the nenory cel
having a control gate, a floating gate, a drain, and a source, the nethod
conprising the_steps of: apptyrmg—=a fTT9t voltage to the contro

gat e, heEfi gp ol t age ﬁorresbonding to a respgctive one of the at | east
two threshold levels; § — —

18 appl ying a second voltage to the drain and a third voltage to the
sour ce; nonitoring a current flow ng between the drain and the

source during application of the fifst voltage tp the control gate; and

term n@ing cation of any of the first voltpge to the control gate,
t he segénz JSEELEE to thEddLaLﬂr_and the third veltage-to the source when

the nonitored current reaches a reference current.
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.12, The nethod for progranm ng a nonvolatile nemory cell according to
claim1l, wherein the step of nonitoring the current includes the step of
nonitoring a voltage at the floating gate. 13. The nethod for
progranmm ng a nonvol atile nmenory cell according to claim1l 1, wherein the
step of nonitoring the current includes the step of nonitoring an anount of
charge at the floating gate. 14. The method for programmng a
nonvol atile nmenory cell according to claim 11, wherein application of the
first voltage to the control gat fﬂrnﬁ%gﬁ i nversion layer in a channel
regi on di sposed between the drai d sour ce. 15. The

nmet hod for programm ng a nonvol atile nmenory cell according to claim 14,
wherein the step of nonitoring the current includes the step of nonitoring
a conductivity of the inversion |ayer. 16. The met hod for
progranm ng a nonvol atil e nennrycii}%giffjding to claim1l, wherein the
first vottage is selected accord ngS a | fnear relationship with the at

| east two threshold | evels . The nethod for progranm ng a
nonvol atil e nmenory cell according to Elain11 1, wherein the second voltage
is greater than the thi+e—veltage- 1Q +he net hod for
programmi ng a nonvolatlle nenDryS@@PW(&onrdlng to clgim1ll, wherein the
reference current is a Trnpdfreicrcnc?fCU{+nh*

SET Ves FOR ith THRESHOLD
LEVEL PROGRAMMING

APPLY Vc,i AND Vo FOR STARTING |
ith THRESHOLD LEVEL PROGRAMMING

OPERATE CURRENT DETECTOR FOR
MONITORING VOLTAGE VARIATION OF
FLOATING GATE

GENERATE STOP SIGNAL WHEN DRAIN
CURRENT REACHES A PRESET VALUE

TURN-OFF Vc,i AND/OR W BY STOP
SIGNAL FOR COMPLETING ith LEVEL
PROGRAMMING OF FLOATING GATE
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19 19. The-.met hod for programm ng a noavol atile nmenory cell
according to claim 211, wherein the reference current is a fixed reference
current.
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