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NONVOLATI LE MEMORY AND METHOD OF PROGRAMM NG THE SAME BACKGROUND OF THE

| NVENTI ON Fi el d of the Invention The present invention relates to a
nonvol atii1e ‘menory "and a: met hod of programm ng the nonvolatile nmenory.
Di scussion of the Related Art :Generally, for nonvolatile sem conductor
menory devices for mass storage nedia sugh as EEPROM and flash EEPROM 't he
drawback that is the nost difficult to overcone is the high cost-per-bit of
the nmenories. In order to solve such a problem studies on nultibit-
per - cel | havNON¥OLATHHE MEMORYsAND METHOPDWEPFRRGRAMMING THE SAMEonal
nonvol atil e nmenory corresponds in a one to one fashion to the nunber- of
menory cells. A nultibit-per-cell stores data of over two bits in one
menory cell, thus enhanci nggAE goName chip area
wi t hout reducing the size of e nennry cerr. ‘é mul ti bit-per-cell
nore than three threshold voltage |evels should be progranmmed on respective
menory cells. For_ instance, in-order to store data of over two bits for
every ce eld £ ve cells nmust be programmed in [err], that is,
four, threshold levels. Here, the four threshold |levels correspond to |ogic
states 00, 01, 10, and 11, respectively. In the nulti-level program the
nmost critical Thé pﬁhﬁmlm\&nhbﬂtelataetdmﬁ@mlmnéxhbmladnmﬁba aﬂprogﬁmhﬁlgh ave

a statistical distribution. The distribution value is about
the nonvolatile memory.

Discussion of the Related Art

Generally, for nonvolatile semiconductor memory devices for mass storage media
such as EEPROM and flash EEPROM, the drawback that is the most difficult to overcome is
the high cost-per-bit of the memories. In order to solve such a problem, studies on multibit-
per-cell have been recently proposed.

The packing density of a conventional nonvolatile memory corresponds in a one to
one fashion to the number of memory cells. A multibit-per-cell stores data of over two bits in
one memory cell, thus enhancing the density of data on the same chip area without reducing
the size of the memory cell.

For the multibit-per-cell, more than three threshold voltage levels should be
programmed on respective memory cells. For instance, in order to store data of over two bits
for every cell, the respective cells must be programmed in 22, that is, four, threshold levels.
Here, the four threshold levels correspond to logic states 00, 01, 10, and 11, respectively.

_ In the mﬁlti-level program, the most critical problem is that the respective threshold
voltage levels have a statistical distribution. The distribution value is about 0.5V.

As distribution is reduced by precisely adjusting thé respeétivé threshold levels, more
levels can be prograinmed, which in turn increases the number of bits for every cell. To
reduce the voltage distribution, there exists a method of programming using repeated

programming and verification.
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As distribution is reduced by precisely adjusting the respective threshold
| evel's, nore |evels can be programred, which in turn increases the nunmber
of bits for every cell. To reduce the voltage distribution, there exists a
met hod of programr ng using repeated programm ng and verification. 2
According to this nethod, a series of vohtage pul ses are applied to the
cell's in_ordenct&dRigls S o d) 8 S¥Rdsif voRageiiINeY afeldpplied td tht @EltkSd dirddres hol d
| evels. To verify whether a cell reaches an intended threshold | evel, ‘a
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' old | evel reaches the

pul ses. Durjng verification, when the verified thre | d I
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I npl emented with an additiqnal circuit, which increases the %{r?ga of .
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implemented >\livith an additional circuit, which increases the area of peripheral circuits of the

chip. Furthermore, the repetitive method prolongs the programming time. In order to solve
such a drawback, R. Cernea of SunDisk Co.; Ltd. suggested a method of simultaneous
programming .and verification.

Fig. 1A illustrates the symbol and circuit diagram of the nonvolatile memory
proposed by Cernea. As shown in Fig. 1A, the nonvolatile memory cell is composed of a
control gate 1, floating gafe 2, source 3, channel area 4, and drain 5.

When a voltage sufficient to cause prbgramnﬁng is applied to control gate 1 and drain
5, a current flows between drain 5 and source 3. This current is compared to a reference
current and when the current reaches a value equal to or smaller than the reference current, a
programming completion signél is produced.

The above-mentioned procedure is illustrated in Fig. 1B. According to this prior art,
veriﬁcétion is automatically performed at the same time as programming, which compensates
for the drawbacks of the repetitive method in which programming and verification are
repeated in succession.

However, in Cernea's method, a program gate for programming is not used separately.

- Further, this method does not use a structure in which a programming current path and
sensing (or verifying) current path are completely separated. For this reason, in Cernea's
method, programming and sensing are difficult to optimize individually. The programming
current and monitoring current are not separated so that the cell's threshold voltages are
difficult to control and adjust directly. Conventionally, however, multi-level programming

has been performed in such a manner that the voltages applied to the respective parts of a



proposed by Cernea. As shown in Fig. IA the nonvolatile nmenory cell is
conposed of a control gate 1, floating gate 2, source 3, channel area 4,
and drain 5. Wien a voltage sufficient to cause progranmng is applied to
control gate 1 and drain 5, a current flows between drain 5 and source 3.
This current is conpared to a reference gurrent and when the current
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been perfornmed in such a manner that the voltages applied to the respective

parts of a  Inghe channel area, a portion where the floating gate is not present is called a transfer
transistor, which is introduced to eliminate over-erasure. The split-channel cell is undesirably
larger than the simple-stacked gate Structure.

Anothe;r classification type of flash EEPROM depends on whether a double
polysilicon gate or triple polysilicon gate is used. The double polysilicon gate is usually
employed in the simple-stacked structure. The triple polysilicon gate is used in the split-
channel cell. The EEPROM or flash EEPROM memory cells are disclosed in detail in United
States Patent No. 5,268,318. Conventionally, the third triple polysilicon gate is an erasing
gate.used merely for data erasure. In the flash EEPROM, erasure is performed in units of
blocks made up of a plurality of cells.

Fig. 2A is a diagram of a conventional nonvolatile memory cell having a simple-
stacked gate. Fig. 2B is a diagram of a conventional nonvolatile memory cell having a split-
channel structure. Figs. 2A and 2B show programming and erasing processes as well as the
structure of the conventional nonvolatile memory cells.

As shown in Fig. 2A, the conventional stacked gate memory cell includes a control
gate 6, a floating gate 7, a source 8, a drain 9, a channel area 10, and an erasing gate 11. As
shown in Fig. 2B, the conventional split channel memory cell includes a control gate 13, a
floating gate 14, a source 15, a drain 16, a channel area 17, and an erasing gate 18.

In Figs. 2A and 2B, erasing gates 11 and 18 are not required for programming.
Therefore, during programming, the conventional cells of Figs. 2A and 2B have substantially

the same structure as the double polysilicon gate.



menory cell are fixed, and reference currents corresponding to the
respective levels are varied. In this nethod, as shown in Fig. 1B

reference currents for detection have no explicit relation with the cel
threshol d voltages, and are not linear. The cell structure of an EEPROM or
a flash EEPROM is roughly divided into two parts,. depending upon where the
floating gateph theRiridf 8H, progiatnimdasf@tedb@only With ihe @ntrdl fat6, douRe] sndor
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progranm ng and er-asing processes as well as : .
It is another object of the present invention to provide a nonvolatile memory and a
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method of programming the nonvolatile memory, in which, during multilevel programming,
respective threshold levels are controlled with a voltage applied to the control gate, and the
respective threshold levels and voltages correspondingly applied to the control gate are linear
with respect to each other.

It is still another object of the present invention to provide a nonvolatile memory and
a method of programming the nonvolatile memory, in which over-erasure is prevented with a
simple-stacked structure having no transfer transistor, and the cell area is reduced to become
more compact.

Additional objects and advantages of thé invention will be set forth in part in the
description which follows and in part will be obvious from the description, or may be learned
by practice of the invention. The objects and advantages of the invention may be realized and
attained by means of the instrumentalities and combinations particularly pointed out in the
appended claims. .

To achieve the objects and in accordance with the purpose of the invention, as
embodied and broadly described herein, the nonvolatile memory cell, of this invention
comprises: a floating gate; a programming area, having a first current connected to the
floating gate, for programming by providing charge carriers to the floating gate through the

first current path or extracting charge carriers stored in the floating gate; and a verification



structure of the conventional nonvolatile nmenory cells. As shown in Fig.
2A, the conventional stacked gate nenory cell includes a control gate 6, a
floating gate 7, a source 8, a drain 9, a channel area 10, and an erasing
gate 11. As shown in Fig. 2B, the conventional split channel menory cell
includes a control gate 13, a floating ggte 14, a source 15, a drain 16, a
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To still further achieve the objects of the present invention, there is provided, in a

nonvolatile memory cell comprising a control gate, a floating gate, a program gate, and a
transistor having a threshold voltage and including the floating gate, a source, a drain, and a
channel area b.etween the drain and source, a method of programming the nonvolatile
memory cell comprising the steps of: supplying a first voltage to the control gate and a
second voltage to the program gate so that charge carriers for programming are fed to the
floating gate from the program gate and an inversion layer is formed in the channel area; and
monitoring the conductivity of the inversion layer during programining and stopping the
supply of at least one of the first voltage and second voltage to the control gate and the
program gate when the monitored conductivity reaches a value corresponding to the threshold
voltage of the transistor.

To still yet further achieve the objects of the present invention, there is provided a
nonvolatile memory cell comprising: a floating gate divided into first and second areas; a
programming field effec"c transistor including the first area corresponding to part of the
floating gate, a first drain, and 2.1 common source, and having a first threshold voltage for
supplying charge carriers to the floating gate for the purpose of programming; a control gate
for controlling the amount of charge carriers supplied to the floating gate for programming;
and a monitoring field effect transistor including the second area of the floating gate
excluding the first area, a second drain, and the common source, and having a second
threshold voltage for verifying the amount of charge carriers supplied to the floating gate

during programming.



It is another object of the present invention to provide a nonvolatile
menory and a net hod of programm ng the nonvolatile nenory, in which, during
mul til evel programm ng, respective threshold levels are controlled with a
vol tage applied to the control gate, 'and the respective threshold | evels
and vol tages correspondi ngly applied to ghe control gate are linear with -
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gate; angec%n \¢) tage%g1 1'the first drain so that charge carriers for programming are fed to the floating

gate through the first channel area for programming and an inversion layer is formed in the
second channei area; and monitoring the conductivity of the inversion layer during _
programming and stopping the supply of at least one of the first voltage and second voltage to
the control gate and the first drain when the monitored conductivity reaches a value

corresponding to the threshold voltage of the monitoring field effect transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of this
specification illustrate embodiments of the invention and, together with the description, serve

to explain the objects, advantages, and principles of the invention. In the drawings:

Fig. 1A is a circuit diagram of a conventional nonvolatile memory cell;

Fig. 1B is a graph for explammg the automatic verification/programming principle of
the conventional nonvolatile memory of Fig. 1A;

Fig. 2A is a circuit diagram of a conventional nonvolatile memory having a simple-
stacked gate;

Fig. 2B is a circuit diagram of a conventional nonvolatile memory having a split-
channel structure;

Fig. 3A is a block diagram of a nonvolatile memory of the present invention;



5 area, having a second current path different fromthe first current path,
for verifying the charge anount of the floating gate through the second
current path during programmng. To further achieve the objects of the
present invention, there is provided a nonvolatile menmory cell conprising:
a floating gate; a programgate for provizding charge carriers to the -~

floating gat eF{gQOBBLifE cRbEiPARLraA] ofd A eniBbdithenfofaRAvolatiledAdmorydT the
controlling the anmount of charge carriers provided to the floating gate for

pr ogr anmpregentamuention;i el d ef fect transistor, including the floating gate, a
source, a drain, ,and.a chann lg ar ea betwee.n th qﬁl§Jrce and &raln and for
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provi ded, 1n a nonvolatile nenory c conprising-a control gate, a
fl oati ng gat eFigs. pA<&daendiagrams oﬁmdveformapsesentatﬂxbmspagnm nodeesfRigd;vol t age

and including_the flqgati a source, , and a channel area
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Fig. SA is a diagram explaining a programming procedure of the present invention,
using voltage detection according to the first embodiment of the present invention;
Fig. 8B is a circuit diagram of another embodiment of the voltage detecting portion of
Fig. 8A; |
Fig. 9A is a layout of the first structure of the nonvolatile memory according to the
first embodiment of the present invention; |
Fig. 9B is a cross-sectional view of the first structure of the nonvolatile memory cut
along line A-A' of Fig. 9A; |
| Fig. 10A is a layout of the second structure of the nonvolatile memory according to
the first embodiment of the present invention;
Fig. 10B is a cross-sectional view of the second structure of the nonvolatile memory
cut along line B-B' of Fig. 10A; '
Fig. 11A is a layout of the third structure of the nonvolatile memory according to the
first embodiment of the present invention;
Fig. 11B is a cross-sectional view of the third structure of the nonvolatile memory cut
along line C-C' of Fig. 11A; _
Fig. 12A is a layout of the fourth structure of the nonvolatile memory according to the

first embodiment of the present invention;



To still yet further achieve the objects of the present invention, there is
provi ded a nonvol atile nmenory cell conprising: a floating gate divided into
first and second areas; a progranmng field effect transistor including the
first area corresponding to part of the floating gate, a first drain, and a
common source, and having a first threshgld voltage for supplying charge
carriers to tP%. 12R % 4 BisOsdclohdlvidva Bf hid FTO@ELstRictuRé BH1hd Wohdlatile nfedidriy0l
gate for controlling the anount of charge carriers supplied to the floating
gat e forctprahglgdmm&' ofkig- &2Abnitoring field effect transistor including
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vol t age; pres¢ht anvetion;ori ng field effect transistor including the second area
of the ffoati ng gate, a second drain, and the conmon source, and a second

channel area Bi& W8&s ¢ Hisgrase frrexpleining anroseamming meyhed accophing toathe sepond

second t Qliil 5 181|e9t of the present invention;

s

~ Fig. 15B is a diagram of a voltage detector used instead of the current detector of Fig.

15A; | |

Fig. 16A is a layout of one structure of the nonvolatile memory according to the
second embodiment of the present invention;

Fig. 16B is a cross-sectional view of one structure of the nonvolatile memory cut
along line E-E' of Fig. 16A;

Fig. 17A is a circuit diagram of a nonvolatile memory device using the nonvolatile
memory cell of Fig. 14; and _

Fig. 17B is a table showing voltages supplied to the respective lihes of Fig. 17A

during operation.
DD PT F D EMBODIMEN

First Embodiment
Referring to Fig. 3A, a nonvolatile memory cell comprises a floating gate, a
programming région, having a first current path connected to the floating gate, for
programming by providing charge carriers to the floating gate through the first current path or
extracting charge carriers stored in the floating gate, and a verification region, having a
second current path different from the first current path for verifying the charge amount of the

floating gate through the second current path during programming.



vol tage higher than the first threshold voltage, a nethod of progranm ng

t he nonvol atile nmenory cell conprising the steps of: supplying a first
voltage to the control gate and a second voltage to the first drain so that
charge carriers for programmng are fed to the floating gate through the
first channel area for programmng and ag inversion layer is fornmed in the
second channeTuminao FgGBlatiohoslati rﬁéiﬁox?%ﬂ ¢6inpHidsya fidatinh @aterdics proparhayer
during progranm ng and stopping the supply of at |east one of the first
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t he convertional nonvolati'le nmenory of Fig. 1A, Fig. 2Ais a circuit

di agram of a Aeshmmi indFigl 3B.ahe abmtaldtide memory ofithe ipresent invention-is sdmatriseted gat e;
Fig. 2Bis a circujt dipgﬂram f a conventional, nonvol atile_penmory having a

split- clederormglonbleospeiltidsvs! programmingyheinga thiskragnass sale AbrApditaveniy
menory O{Nhétﬂgr tHE f)?o%?&mfnﬁﬁ’geig tcbﬁ’lBieted or not by checking the amount of charges supplied to

floating gate 31 during the double or multi-level programming.

Controi gate 33, floating gate 31, and program gate 32 may perform only double or
multi-level programming. Conversely, transistor 34 may merely perform monitoring of the
amount of charges of floating gate 31 in order to verify whether programming is completed or

- proceeding. The programming region is separated completely from the verifying region.
These two regions are connected through floating gate 31. Floating gate 31 and program gate
32 correspo‘nding to the programming region can be regarded as forming a tunnel diode.
Programming is performed by a tunnelling mechanism through the tunnel diode.

As discussed above, the prior art does not use program gate 32, and performs both
programming and verification through drain 36 and channel area 37 of transistor 34. In that
respect, the present invention is distinctive from the prior art.

Hereiﬁafter, a double or multi-level programming-method using the nonvolatile
memory of Figs. 3A and 3B will be described. The programming method of the present
invention includes voltage detection and current detection.

First, the current detection will be explained. Fig. 4 includes a first voltage source 38,
second voltage source 39, third voltage source 40, fourth voltage source 41, current detector
42, aﬂd nonvolatile memory 100 such as that shown in Fig. 3. Reference character Py
indicates an externally supplied programming start signal. Reference character Vg; indicates

a programming stop signal.



7 Fig. 3Bis a circuit diagramof a first enbodi nent of nonvolatile menory
of the present invention; Fig. 4 is a diagram explaining a progranm ng

met hod using current detection according to the first enbodi ment of the
present invention; Figs. 5A-51 are diagranms of waveforns present at the
respective nodes of Fig. 4, Fig. 6 is a fjowhart of show ng single or -
mul ti-level p ' ' Rir r $i— di gy D nt

i nvention; Fi %A | ggg%‘ﬁg%% \S/Iﬁﬂbgiﬁ% lear eiYC"glf_gg?gzr)ﬁ"b e&fé‘gtﬁg%“i gﬁgg of

t he nonvabatolatile metmory 100 fér the pBiposdofprogiBminsing awy ith Hrestobdenel during multi-

rel ation'j&ig between the threshold | evels to be programed and the .
cor r espoiR¥chBlograayBinge ¥ aj3ee Yoo Basralyssdhat yary with Higrespeptive programmigg §i agr am
expl ai ni Al progranmm ng procedure. of the present invention, using voltage
detection according to the first enbodi nent of the present invention; Fig.
8B i s a circuiSecstida@l@pe Sdurés'39 aplic® FNOHAZEEVY toProdrid gasd IDAR titedsubld 610
portion of Fig. 8A; Fig. 9Ais a_layout of the first structure of the

- nonvol at imutidevebpipgrasaming Vpliage ivhalwaysdas ampgativawalueof t he present

|ncn)\r/“e/cn)][ :31? PI eFI..g;t}B" aglo@%geaso%{'c%scﬁ) i &éels %Qr%itaé’é ‘va tooéra}nth ifnlorréér o tn{olf)?ttoy e s _a]cte the

of programming, that is, drain current I (t), during the double or multi-level programming.

Fourth voltage source 41 supplies a voltage Vg to source 35. For example, voltage Vg may be
ground. Ip (t) indicates the current flowing through drain 36 at time (t).

|  Current detector 42 has a threshold current value Ith, and produces a programming
stop signal VS-'r when current I, ;(t) flowing through drain 36 reaches the threshold current Ith
during an ith threshold level programming. In other words, programming stop signal Vgy is
generated when I 5(t) £ Ith (at t=t;). Time t, refers to the time when the ith threshold
programming is completed. Here, threshold current Ith of current detector 42 can be fixed by
an arbitrary value greater than or equal to zero. However, if threshold current Ith is large, the
initial voltage value at floating gate 31 Vg;(0) should be large as well, so as to satisfy I, ;(0) >
Ith at the initial stage of the multi-level programming. In addition, in order to increase the
initial voltage V§;(0), voltage V; must be applied as high as voltage V;(0) to control gate
33 with respect to the given voltage Vp.

Conversely, if threshold current Ith decreases, voltage V; of control gate 33 can be
reduced. As indicated above, current I ;(f) of drain 36 is dependent on time.

Current I, (t) indicates the current value of drain 36 triggered by voltage Vi;(t) at
floating gate 31 during the ith level programming. The current value has the largest value at
the initial stage of programming, and is reduced as programming proceeds. When the
reduced value reaches threshold current Ith of current detector 42, the current detector
produces program stop signal Vgr.

In accordance with the above-stated condition, double or multi-level programming

using the detection of drain current will be described with reference to Figs. 4, 5A-5I and 6.



along line A-A" of Fig. 9A; Fig. 10Ais a layout of the second structure of
the nonvolatile nmenory according to the first enbodi nent of the present
invention; Fig. 10B is a cross-sectional view of the second structure of

t he nonvol atile nmenory cut along line B-B of Fig. 10A; Fig. 1 Ais a

| ayout of the third structure of the nonyplatile nenory according to the
first emppdi ggr R RIS 8 the! eQBcatibhdof FigBr. Figl6 i PASwSIRAH | Onal

vi ew of t '?%{yr{gﬁé‘?’rucfure% &Fﬁ%ﬁﬁgf#gg{%‘tui 1e0 me%ory r ut a‘?ong Ine CC

of Fig. 1llushatifhg doubl@dy meltblebelyprograminihg of the prdsbntihventionr e of t he

nonvol atil e nenory according to,the first enbodi nent of the present .

i nvention:  Presymetbad 3 cormespanding sl i indhg ptatsi o irashre; fiere.dhe stateOf EIAsHSr @ of
t he nonv ' LY. G I i pe . Fi 2A
circuit |e§é§? %?ﬁelo% paa)i t%%?l%%‘?eglto %gc I%reégrlmrrr@sgren\})? Ichenll:ét?g fsndé]eg beeﬁr?g%u\?ﬂ)lﬁéﬁq% g?e menory
cel | of Hogtingdfite itk effedBirariistortiab bR ngiiey¢hagnel foindas Hpupiel sebstiate. tOF
respective lines of Fig. 13A during operation; Fig. 14 is a circuit diagram
of a seceparsemilanting gatedield pffeqt Granssten in| whiphaprtypeoshanpel is formed on a n-type

substrate can be also employed. In this case, if the applied voltages are set to opposite

polarities, and the signs of corresponding voltages and threshold voltages are reversed, the
same operations can be performed as in the former case.

First, when programming start signal Py is externally applied as shown in Fig. 5A for
the purpose of double or multi-level programming, positive voltage V; is set for
programming the ith level. At the same time when positive voltage V; is set, current
detector 42 is set up in order to verify the charge,vaﬁation at floating gate 31.

When programming start signal Ps of Fig. 5A is applied, positive voltage V; of Fig.
5B and negative voltage V; of Fig. 5C are simultaneously supplied to control gate 33 and
program gate 32, respectively, from first and second voltage sources 38 and 39. Tunnelling
voltage Vy,,i(t) of Fig. 5G is applied between program gate 32 and floating gate 31 so that
charges for the ith threshold level programming are supplied to floating gate 31 from program
gate 32.

As shown in Fig. 5D, voltage V¢ (t) for the ith threshold level programming is applied
to floating gate 31, and an inversion layer is formed in channel area 37 of field effect
transistor 34. Because source 35, drain 36, and channel area 37 are located within a
semiconductor substrate, when the inversion layer is formed, currents flow from drain 36 to
source 35 through channel area 37. Voltages are supplied from third and fourth voltage
sources 40 and 41 so that drain voltage Vp, and source voltage Vg are induced to drain 36 and
source 35, respectively. Here, current I i(t) flows through drain 36. As shown in Fig. 5E,
current ID,i(t) has its largest value at an initial stage, and decreases as programming proceeds
because the electrons are injected to the floating gate to reduce the floating gate voltage.

Durihg the ith threshold level programming, current detector 42 monitors drain

current I i(t). When this value reaches threshold current Ith, as shown in Fig. 5E, the ith



present invention, Fig. 15A is a diagram for explaining a progranm ng

nmet hod according to the second enbodi nent of the present invention; Fig.
15B i's a diagram of a voltage detector used instead of the current detector
of Fig. 1 5A; Fig. 16Ais a |layout of one structure of the nonvolatile
menory according to the second enbodi nent2 of the present invention; Fig.
16B is atgeshdht 8o ipréframmin@iy coinpldied aid 7pl©gtahﬁniﬂ§ stopesigiah Vel Rtdutyt,@nor y
cut along lline E-E_of Fig. 16A .Fig. 17A 1s a circuit diagramof a

nonvol at shawmindtigySki cilergeit was ayplaimed thah owrent idetectopAd mpniters|cugentpg(t) at4;: and
Fig. 17B,is tabl e show Vol s supplied t he respective.|i of

Fi o, 17AMtR FoRopErd R ot A BSsaies phebdk delfriok e Top o giiion ot e
EMBODI MERSuit st bltheafdl dRRpe aREbatirg die § Ddfisth pr%éx_ra.nﬁniﬂg Y PigatsD. VBRI Ing
cell conprises a floating gate, a programm ng region, having a first
current pheurrand i@l cacbd gaided 43 manitoringythe epndustivity ofjtha imversjorblayerr formed ng
char ge carriersl toa(ij]e floating gate through the first current path or
extract i HyChaRRelf a3 riers stored in the floating gate, and a verification
regi on, having, fs ; i f 3 r | pat h
For verifyi ng't HE HEDrBing Soplfld) By 3Pt LRl tecdt VoLt (et
current P8ahd 89 Firg apdiogsesond vgltage sources 38 and 39 stop supplying positive voltage V¢ ;

and negative voltage Vp to control gate 33 and program gate. 32 in response to programming
stop signal Vgr, as shown in Figs. 5B and 5C. When current I j(t) is detected to become
below threshold current Ith at a point where t=tp ;, the ith threshold level programming is
completed. Time tp; indicates when the ith threshold level is programmed. Here, threshold
current Ith is previously set as a value substantially corresponding to threshold voltage VF 1y
at floating gate 31. Threshold voltage VFTH at the floating gate is determined when the
nonvolatile memory is fabricated.

In 6ther words, in Fig. 3, because field effect transistor 34 is formed with floating gate
31, source 35, and drain 36, threshold voltage VFTH substantially corresponds to the threshold
voltage of channel area 37. Here, it must be noted that the programming of any threshold
level is completed when the floating gate voltage reaches threshold voltage 4 - Thisis one
feature that distinguishes the present invention from Cernea's technology.

Fig. 5H is a graph showing threshold voltages VCTH’I and VCTH , at control gate 33,
corresponding to the first and second threshold levels, respectively. In Fig. 5SH, threshold
voltage VCTHJ at control gate 33 increases as the programming level increases during the
multi-level programming. This is performed by increasing voltage V¢ ; during programming.
Here, program times tp; and tp; of the first and second levels are different because the control
gate voltage and threshold voltage variation amount of the respective levels are different.

Meanwhile, Fig. 5STis a graph showing the amount of charge variation at floating gate -
31 from the initial charge amount QF,(;(O) to the charge amount Qg ;(tp ;) when the first
threshold level programming is completed and to the charge amount Qg 5(tp ;) when the

second threshold level programming is completed, in the case where the ith threshold levels



9 Turning to Fig. 3B, a nonvolatile nenory cell conprises a floating gate
31, a programgate 32 for providing negative charges (el ectrons) or

- positive charges (holes) to floating gate 31 for the purpose of double or
mul ti-Ilevel programm ng, a control gate 33 for controlling the anount of
charges provided to floating gate 31 from programgate 32 for the purpose

of progr éﬂﬁédfpﬂndsatﬂ(ih@ﬁ{fsﬁ ansseebd leddlsf P8 Fibe 51, fitik R6tel Mat wHRA vOHages h@_rlg)as _
provided to floating gate 31 during single or |ti-level programring. In

Fi g. 3B, and ¥as(tsatdloating gate 3l deachithrgshaldyoltpged/ 34 (t=ty 1 sttt ). h@ Bharge amount 36,
and a chappel . are 7. bet ween .source .35 and ai 6. As o] in.Fig. 3B,
The monv 8 Latng ghlkAl iy AL SR RLGE FtRL AR Dol - mak: Sralin B Bt or m
doubl e o JaMhid:lgvg! programm ng, using a third programgate 32, and to
verify whet herQ’Hg :2& ogramm ng i s conpleted or not by checking the anount
of charges suRelféreidg towFigl DA} thegelgtidvrshiplbetwesnpltape Ve oatiplied do conttdl igateS2el

programm ng. Control gate 33, floating.gate 31, and prqgram gate 32 may
per f or m &omy figsb yeltage spuses B8 jand Q%Fethfeﬁhfgé valiager) a cegﬁsmpgwsﬁvegrvzémgh Bi%or 34
may mer el j i.nd B8 HPW Y inddh f Al ' te 31
in order s%lggﬁ\f/}c;a%ﬁe?/& I%e@ %ggésgl?cdg‘iegrtrl%ﬁ’ng I'S cgfragp"lle(gf gg%cﬁ? 7%1’ c¢5er8 | %éé&% tgge
pr ogr anmicaghclit@iie@T contrélgiany 38 vdsusdiqatiog ghte 31| Oprephsens tief sapagtahegodOn. These
two regions are connected through floating gate 31. Floati ng@g}ate 31 and
pr ogr am @EEsam Bateci2 s flaating gae SheCprepgesanivithreapacitanpe ebdralps36 wgwsded as
form ng %otafi'ﬁ]é] gegllte gi,oa%%'cs represents the capacitance of source 35 (including the substrate)

versus floating gate 31.

Sum Cy of those capacitances can be expressed by the following equation (1):

The coupling coefficients of the respective capacitances are defined by the following
equations (2):

ac = Cc/Cr, ap = Cp/Cy, and ap = Cp/C......(2)

In Fig. 7A, voltage at floating gate 31 during programming can be expressed by the
following equation (3):

VE(t) =acVc +apVp +apVp(t) + Qe(t)/Cr

=ac[Ve -VEru®] + 8V + apVp(®).....(3)

where Qg(t) indicates the charge amount at floating gate 31.

In programming, threshold voltage VCTH(t) at control gate 33 is defined by the

following equation (4):



Programm ng is performed by a tunnelling mechani smthrough the tunnel

di ode. As discussed above, the prior art does not use programgate 32, and
perfornms both progranm ng and verification through drain 36 and channel
area 37 of transistor 34. In that respect, the present invention is
distinctive fromthe prior art. Hereinafi4er, a double or multi-|evel

progr anmiy\ethémkerasl inehidion(®), '\ﬁf},}g@j iBich®s FerBshdlPVolles Shifi3AeaAnfedWBcttdl be
descri bed. The programm ng net hod ‘of the present invention includes voltage
det ect i ogata3d attime &énThelthresholdoveltage shift refetscto authreshnld seltagetmensungd af thige

expl ained. Fiqg. 4 includes a first voltage,sourge 38, second voltage- source
307 Chi cougioh Barg nd et B3 gt ctsfeet adon ad BB ABeiet L r ent det cct or 45,
and nonvol at i rreQRI1R wuag%w%@gy nRgsurfiPdt cOROYIpatd 3 T isWefifed RAREVERER of
character Ps indicates an externally supplied progranmng start signal.

Ref er enceontivh gate 38 whé8 Orain dinrentd g(tarepeleg thrasholdjcuatenplth iofj cadrent detedtor A2.r st

vol tage source 38 supplies a }zo%ggge [err] (1=0, 1, 2,....,n-1) tqQ control
gate 33 &hresknld syment i can bgdgtinesharbiivariles mentinged abavep Foginstarca dthuean; « h

t hr eshol quaf\ﬁﬁlld%%uri ng multi- |evel programm ng. Voltage [err] has val ues
that vary*wt ie respective progranm ng | evels. Second voltage source 39
appl i es a vol Th@shold vbitager vy antlgating g3 3 i ah lishetient restold voltage of the field

effect transistor consisting of floating gate 31, source 35, and drain 36 of Fig. 3, which is

determined by manufacturing conditions such as channel ion implantation and the thickness
of a gate insulator in fabricating nonvolatile memory 100 of Fig. 3. Therefore, threshold
voltage Vg 6f floating gate 31 is always constant. Threshold voltage VCyy; of control gate
33 is determined by the amount of charge Qg at floating gate 31.

As described above, programming at respective levels is stopped when voltage V(t)
at floating gate 31 is decreased until threshold voltage VFTH is reached. This time point
corresponds to when current I(t) of drain 36 reaches threshold current Ith and time t, when

-programming is completed. During the respective threshold level programmings, voltage
Vi(tp) of floating gate 31 when programming is finished can be expressed by the following
equation (5):

Velte) = Vi = ac[Ve - Viru(te)] + 2pVp +

ap Vp(tp)......(5)

To rearrange equation (5) according to voltage V¢ applied to control gate 33 from first

voltage source 38, the

------ (6) following equation (6) is
Vim-ar Ve-ap Vo(te) g eq (6)
ac

= vy (t) + Vi

Ve=Vy(te) + given:

Vim-ar Ve-ap Vp(te)

ac where V, is defined:

Vi=



mul ti-Ilevel programm ng. Voltage [err] always has a negative value. Third
vol tage source 40 induces a voltage VD to drain 36 in order to nonitor the
state of programmng, that is, drain current [err], during the double or

mul ti-Ievel programm ng. Fourth voltage source 41 supplies a voltage [err]
to source 35. For exanple, voltage [err] 1smy be ground. [err] indicateS the
current flowi ng.through drain 36 at tine (t). Current detector 42 has a
threshol d current value Ith, and produces. a progranm ng stop signal [err]
when current [err] flow ng through drain 36 reaches the threshold current

[th duri an ith threshol d | eyel . programm ng. I.n.other words, programm ng
stop si ghtre:\Jid important that v g’é‘e ewh%)%&‘%f"t’["ért’fr?e PQLRE=tpylS  CORSANL ﬂ"l*%??é‘“[ err]
refers to,t I {heqdidhd b programming i s conpleted. Here,
t hr eshol gofé%&éﬁﬁlv}gﬁﬁ%% E’U?rtfénlt.eg%%ﬁclggrglsbz can be fixed by an arbitrary

val ue great er VdhanVpis detamlinddbyzdrain. voliageeV(ty) wHentt s tpslobdage Vgapplidd tot h i s
| arge, the initial_ voltage value at floati ng{]Fgate 31 [err].(0) shoul d, be
t

| ar ge as PiRgram gate 32 and dependent paragietars suqh astV midici #n 4d:A velichyare geteppined

mul ti-1 evel. A . It 005 . r- ' . ol t4-al
vol t age [dglr"f‘? ,Eh%\g/}{c%?.ua‘é%ﬁ‘[ug&]o g%g's tﬂ‘gg“%‘%g?a?’eb%%%’%&ﬁ?%%%?%%g3’81'%%3 rY‘]’( 0) to
control ®etdnéd d¥nkfant RARE CValues 41 hdOV)y &1 rélelivelg feryizmalionidefespecy to the
threshold current Ith decreases, voltag‘?e %err] of control gate 33 can be

vie

reduced. other twieltesmse in tisaespectivertheasholf prograsmiggaVp(ta@t the evamietivaral on
tinme. Current ,'err%vgt%l i=ndj'ncat es tthe current value of drain 36 triggered by
vol t age [Pé?gfﬂlﬂn% }f dait 15"83‘?%“31 during the ith |l evel .programm ng. The
current val ue (g dditibR(6)8d1tagd WS oftborithdE ghtli3B iréduiret F8ethe fith RkRK A TEVED .

and is reduced as progranmm ng procéeds. Wien the reduced val ue reaches

t hr eshol gregrameying ¢anrbexfxprassedaastthel fillowting eqi@tion GB: current det ect or

wherei=0, 2, 3,...,n-1. |

From this equation, it can be shown that threshold levels to be programmed and
correspondingly applied control voltages are linear with a slope of 1. Fig. 7B shows this
result. Here, likewise, according to equation (4), the charge amount of the floating gate is
linear with the control gate voltages.

Because value V) is constant as mentioned abo've, the ith shift DV; of the voltage
applied to control gate 33 during the multi-level programming can be given as the following

equation (8):

From equations (7) and (8), when shift DVCTHJ from the state of erasure (i.e., the
lowest level) to one of the respective threshold levels is determined during the double or
multi-level programming, a corresponding level programming can be performed by applying
to the control gate a voltage corresponding to the intended threshold level shift DVCTHJ added
to the already known value V4 of the lowest level programming, and then waiting for the
automatic completion of programming.

As shown in Fig. 5G, during the respective level programming, tunnelling voltage

Vini applied between floating gate 31 and program gate 32 for tunnelling is largest initially



produces program stop signal [err]. In accordance with the above-stated
condition, double or nulti-level programm ng using the detection of drain

current will be described with reference to Figs. 4, 5A-51 and 6. 11

Fi gs. 5A-51 show waveforns at the respective locations of Fig. 4. Fig. 6 is
a flowhart illustrating double or nultitd evel programm ng of the present

i nvent i 0fnd ShARIR althiAd p@in@ﬂhé@%%@ 'V}Q(t)%hdhe& 8 giv@n‘tﬁl@sh?ﬂ@{vﬁtégfi \E&,s?ﬁtur €.
Here, the state of erasure neans |evel” Zero, S, | owest [evel.

Thi s enbfidatinggats 31, ducs,mupmammgisnampldh@i f I oat| ng gat e field effect
transi stor has,an n:t o ghann for .d on e. subst Of course, a
fl oating gate ¢ BIRIYIR e t t@#%ﬁé‘f* ﬁ“ﬁW&%“a&%E T”lrfgs f or med

on a n- tx g@t he dFfiiterdt b n‘?ﬁﬁmﬁe V“ﬁéﬂ&isﬂo%ﬁﬁg gate f31talﬁﬁ v@R%é ed

voltages o opp03|te polarities € signs correspon

vol t ages and threshol d voltages are reversed, the sane operations can be

performed as in the forner case First, when progrannhgg start signal [err]
e

is externally appliegmRS S ur] of doubl e or

mul ti-level progr anﬁ?ng‘““ po |ve 35@?315'6“ giriﬁt I's set for progranm ng
the ith level. At the sam&, dée]_Q,e(DDage [err] is set, current
detector 42 is set up iHf€ rcdler ve’rl‘FEI 14 ge variation at f1 oat i ng

gate 31. Wien programm ng start S|gnal [err] of Fig. 5A is applied,
positive voltage [err] of Fig.

Vp applied to program gate 32:

In equation (9), if the initial charge amount Qg(0) of floating gate 31 is zero, equation (9) can
be re-defined as the following equation (10):

Vi =2acVe; + (@ - 1)Vp + apVp(0)......(10)

Hereinbefore, multi-level programming has been described. An erasing process using
the nonvolatile memory of Fig. 3 will be explained below.

The erasing process is very simple to describe. Erasure is performed in such a manner
that voltages are applied to the resf)ective parts to form, in the floating gate, source, drain, or
channel area, electric fields strong enough to erase charge carriers accumulated at the floating
gate. By doing so, the charge carriers are erased to the soﬁrce, drain, and channel area
through tunnelling. In the present invention, the erased state means the lowest threshold
level, that is, VCTH,(,. In other words, all the nonvolatile memory cells within a given erasure
block are programmed at the lowest level. Erasure is performed according to the following
steps.

First, threshold levels of the overall cells of a selected block are erased to become
below level zero, that is, VCTHO. Sequentially, with the level zero in which the voltage of

control gate 33 is V¢, the overall selected cells are programmed. Here, value V¢ can be



5B and negative voltage Vp of Fig. 5C are sinultaneously supplied to
control gate 33 and program gate 32, respectively, fromfirst and second
vol t age sources 38 and 39. Tunnelling voltage [err](t) of Fig. 5Gis

appl ied between programgate 32 and floating gate 31 so that charges for
the ith threshold | evel programming are supplied to floating gate 31 from
progr am gpks arbitrarfly. ER@WF is @gﬁbﬁned%ﬁbst&ﬂidll?%c&r&fn@]té the ﬂr@% atrid@ing infethod,
threshold | evel programmng is applied to floating gate 31, and an

i nver si ofthdrelyyeglimipating erea-erasursh dnnally, theaequirementsfofeioltags Vecof contrakgaie 33 34.
Because souyrce 3 ain 36 ‘channe r 7 are located within a

con cond bt Splagita dtameBeihiaid hRSERERF tor e i pieBbE oA piserentiiate s ¢ | ov,
from dr w0 to source 35 through channel area 37. Voltages are supplied
fromthird and fourth voltage sources 40 and 41 so that drain voltage VD
and sour ce vollhegler feemohitartbe chatge eatiation of tierflad6ing gate sluting pra@iamming,

ti . , nt t) fl th h drai 6., As own in
F o CoE Volieiie: st bp epylitd.e thitat i il Sipes Vopaamuin hs ShangeLglo  and
d ' e.xh.opected to the
T ontt ng taasisRf SRAMATRIME, PIURFARE FRERYB i Bheht AP aB Wb hEC! P L0, (1E

|l evel pr pgsaaminigg, tieicondaitivigt afchoinvéidionayedr s edaced] Fof this pirposegtite] (t) .
When this val ue reaches threshold current Ith, as shown in Fig. 5E, the ith
12 t hr esHolleywing gavationdd mustbg sptisfiednpl et ed and programmi ng stop signal VST

Values V; and Vp must be detérmined so that a tunnel electric field formed between
program gate 32 and floating gate 31 to create tunnelling therebetween is strong enough for
programming. ‘

Value Vp is a fixed negative value so that the strength of thg tunnel electric field
increases as value V¢ ; becomes high. The speed of programming also increases as threshold
voltage shift DVCTH of control gate 33 becomes large. Thus, a programming method in
accordance with current detection has been described.

Hereinafter, a programming method in accordance with voltage detection will be
explained with reference to Fig. 8. The programming method in accordance with voltage
detection is substantially the same as the programming in accordance with current detection.

Fig. 8 is a diagram for explaining the programming of the present invention using
voltage detection. Fig. 8 is substantially the same as Fig. 4, aside from voltage detector 43
used instead of current detector 42 of Fig. 4.

Voltage detector 43 can be made with a reference voltage source 44 and a resistor 45
connected between reference voltage source 44 and drain 36. This is the most simple
configuration. Voltage detector 43 monitors the voltage of drain 36 during programming,.
During monitoring, when voltage Vg ; of floating gate 31 reaches a threshold voltage VFTH,
and if drain voltage p 1y is detected, then a programming stop signal Vgr is output. Value

Vp,1y is constant with respect to the overall programming level.



shown in Fig. 5F. Here, it was explained that current detector 42 nonitors
current [err](t) at drain 36. However, it is also possible for current
detector 42 to nonitor the variation of the anount of voltage and charge at
floating gate 31 during progranm ng of Fig. 5D. Monitoring of current
[err](t) can be regarded as nonitoring thg conductivity of the inversion

layer formed ifLipaRrbRbntdeRRtiod metHddl bidgrahmMpIPEHIPIRE wieAPintbéidnbe foor I ]

is applied to first and second voltage Sources 38 ahd 39. First "and/ or
second v @regragremingistop sig8dl Badfifsd and/apsesonbvoltage spusest 38vend\36| dub gff cpeirel] and

negative voltage Mp to, control gate 33 and programgate 32 in response to
programﬁgﬁ?}"é’?'g%e pgmpfﬁﬂn%?éggﬁ%?‘fm Figs. 5B and 5C. WWen current

[err](t) is d &gﬁﬁ QIBFtaH L . I tgej20I Nt where
[err], the it?tlﬁ% es E)d&da%gve pﬁ%l ra%nerl&ﬁggél){shggg#rplﬁtga{eeghm‘ia?re élPr]

i ndi cat eslesdtiption hvill be lontitiedeshol d | evel is programmed. Here, threshold
current Ith is previously set as_a val ue substantially correspagnding to

t hreshol d vol Bedripg e Figs: 2A and 8By 2 firpt giagcdurg of anﬁn\é@lﬁép ey of thepsesept ot

ot hor s8R boimbirg B RS AAS b Sro SO bl Ml { AL o
wi th fl oatdansh ieduefads) floang Efte 39 forivd diithé Bhadiel dréd, QoMed Gate3 2 Réaed SHovk

substantially corresponds to the threshold voltage of channel area 37.
Here, it floating pate Abt prdgrahngate 2 formedadiasenido Hpating gai? bond ay insulasing layer

CoMD! et e e iFuLLth A O S B85 S BB ERAES B bR
technol ogyyer 54 is sufficiently thin between floating gate 51 and program gate 53 to enable tunnelling
| therebetween.

Referring to Figs. 9A and 9B again, a field insulating layer 55 is formed on the
surface of substrate 50 surrounding the channel area. Part of floating gate 51 extends to the
surface of field insulating layer 55. In Fig. 9B, program gate 53 is placed adjacent to one side
of control gate 52. A gate insulating layer 56 is formed sufficiently thin to enable tunnelling
between the channel area and floating gate 51.

~ Turning to Figs. 10A and 10B, a second structure of the present invention is similar to
that of the first structure. In this embodiment, part of program gate 53 is placed adjacent to
the bottom of floating gate 51. Referring to Figs. 11A and 11B, a third structure of the
present invention again is similar to that of the first structure. In this third embodiment,
program gate 53 is placed adjacent to the top of floating gate 51.

Referring to Figs. 12A and 12B, a fourth structure of nonvolatile memory of the
present invention comprises a first conductivity-type semiconductor substrate 50 having a
channel area on its surface, floating gate 51 formed on the channel area, two second
conductivity-type impurity areas 57 and 58 formed on either side of the channel area within
the surface of the semiconductor substrate, control gate 52 formed above floating gate 51,
program gate 53 formed adjacent to floating gate 51, and an insulating layer 54 formed
between program gate 53, floating gate 51, and control gate 52. The insulating layer 54 is
sufficiently thin between floating gate 51 and program gate 53 to enable tunnelling
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Fig. SHis a graph showing threshold voltages [err] and [err] at control
gate 33, corresponding to the first and second threshold |evels,
respectively. In Fig. 5H, threshold voltage [err] at control gate 33

i ncreases as the programm ng | evel increases during the nmulti-|evel
programmng. This is perforned by increasiong voltage [err] during

Pr 0T AN hgrebéibicen. A MG &iBulakiNg Soyee 55 bursiiids diefchaifl Hgforl | A gatedfihiaingond

| evel s are different because the control gate voltage and threshold voltage

vari at i onfilwd6 i foomed mfficieafhe thin (eenablectinelling bitweesn the charweharempndtheri g. 5|
Is a grapR show t he amount of charge variation at floating gate 31. from
the initi Pa'ﬂwg%larmunt [err](0) to the charge anount [err] when the
first threshol fefeftfl tolHig A Mhd SorivolaGRREAbAAIARE dfthd REsend fvERtGTOUNt
[err] when the second threshold Ievel progranmng is conpleted, I n the case
- wher e t hecoripriseh nsshimoddiaterasiubstrate 4@ aqumabiypafivderd linet 6k spaced apaatioy second
levels. In Fig. 51, .it is noted that en. voltages [err nd [err] at
floating Bedeemmined diskups R sihsitate ) ¢ RiEAY oF }glt ﬁp@r(ﬁ 9!%@&%%&9 werdunt
at floati TR E@??& | ATIE] t t@{@é t
[err] and c?qgtr%rt[fﬁ%p’[‘%}urt?ﬁ err°?%§%%i58&egﬂ?aﬁtﬁg%g‘fd§h?%‘%‘ls idgs etvuéen
vol t age [ glurdlitppPpriograni linexad3tdisdosedinathe garhé @itection as theabdprovesitilins, &l and
the threshold voltage at a corresponding |evel, which is a significant

resul t of Pluplity pErenyolatils mamppncellyion| disposasddp eashelthe raspegtiye squares ery v |
repr esent ?ec{aggles.

~ InTFig. 13A, as shown in Fig. 3, nonvolatile memory cells 64 each comprise a floating

gate 65, program gate 66 for supplying charges to floating gate 65 for the purpose of
programming, control gate 67 for controlling the amount of charges supplied to floating gate
65 for the purpose of programming, and field effect transistor 68 for reading (or verifying) the
amount of charge carriers supplied to floating gate 65 during programming. Field effect
transistor 68 is composed of floating gate 65, source 69, drain 70, and channel area 71
between source 69 and drain 70.

Control gate 67 of the respective memory cells is coupled to nearby word line 61 and
program gate 66 is coupled to nearby program line 63. Source 69 of nonvolatile memory cell

" 64 is commonly connected to nearby bit line 62 along with drain 70 of nonvolatile memory

cell 64 placed in a nearby or adjacent square.

As shown in Fig. 13B, when the nonvolatile memory device operates in a program
mode, '8-'15V is applied to a selected program line 63, 0V to unselected program lines 63, 3-
12V to a selected word line 61, 0-'10V to unselected word lines 61, 0.5-2V to a selected bit
line 62, 0V to unselected‘bit lines 62 placed to the left, for example, of a selected cell, 0.5-2V
to more than one bit line placed to the right, for example, of the selected cell, and OV to
substrate 60. |

When the nonvolatile memory device operates in the erase mode, there are two ways

to apply voltages.



capaci tance of control gate 32 versus floating gate 31, [err] represents
t he capacitance of programgate 32 versus floating gate 31, CD represents
t he capacitance of drain 36 versus floating gate 31, and [err] represents
t he capacitance of source 35 (including the substrate) versus floating gate
31. Sum CT of those capacitances can be gypressed by the follow ng equation

(1): [err](1) ' ihés @NbS18Y 1 - ' s re
ot i ned byt hd P Siap o) GG @IDSI 1s BILERARE bl pRRRER1GRF65 of
vol t age ai seldctedterasgregivek, 3 1QW tiorthe pvergli avord limes@&d rofltise selqetedszasirdhlotl) @-
fol |l ow ng_equati on t)

|l cat 6%\ Hhe Rumal biHisn61 A h\)qsgl&%ii%a rglag;lteé)%‘ri(] éﬁdqoqgg)d@r\ggﬁgﬁ%ﬁg&t hr eshol d

‘[’g'r § j”‘ge [ 4 I P xSVt Rleh Yabeirar 60, D15 i Gh1RY 1d A€ oblali P HImAHIES 8Fa (4) -
selected erasure block, “7-'12V to the overall word lines 61 of the selected erasure block. Bit
lines 62 of the selected block are floated. 0-'6V is applied to substrate 60.

When the nonvolatile memory device operates in a read mode, OV is appliedto a
selected program line 63, 0V to unselected program line 63, Power voltage Vcc to a selected
.word line 61, OV to unselected word lines 61, 0.5-2V to a selected bit line 62, 0V to
unselected bit lines 62 placed to the left, for example, 0.5-2V to bit lines 62 placed right, for
example, and OV to substrate 60.

The voitages of Fig. 13B can be varied with structural characteristics or electrical
parameters of the memory cells, for instance, the couplihg constant or the thickness of tunnel
insulator.

Second Embodiment

Hereinafter, there will be described the second embodiment of nonvolatile memory
cell and device of the present invention, and a method of programming, with reference to |
Figs. 14, 15A, 15B, 16A, 16B, 17A, and 17B.

Referring to Fig. 14, the nonvolatile memory comprises a floating gate 81 divided into
a first area 81a and a second area 81b; a programming field effect transistor including first
area 81a of floating gate 81, first drain 82, and common source 83, and having a first
threshold voltage vE w1 for supplying charge carriers to floating gate 81 for the purpose of
programming; a control gate 84 for controlling the amount of charge carriers supplied to
floating gate 81 for programming; and a monitoring field effect transistor including second
area 81b of floating gate 81 (excluding first area 81a), second drain 85, and common source
83, and having a second threshold voltage VFT,.Q for verifying the amount of charge carriers
supplied to floating gate 81 during programming. In the circuit of Fig. 14, second threshold
voltage V', must be greater than first threshold voltage Vit

As shown in Fig. 14, unlike the first embodiment, the second embodiment of

nonvolatile memory cell of the present invention does not have a program gate, and instead



In other words, in equation (4), [err] indicates a threshold voltage shift
nmeasured at control gate 33 at tine t. The threshold voltage shift refers
to a threshold voltage neasured at the control gate and caused by the
charges accunul ated at the floating gate. Threshold voltage [err] neasured
at control gate 33 is defined as the vol gpge of control gate 33 when drain
current ; @%’@Ja ; I &dm I :
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3. Ther ekapplyingarveitags U fto first drain 82 of the programming field effect transistor for
C voltage V TH of floating gate 31 is al ways constant. Threshold voltage V
TH of coRfegsAMmpRg, athird EOIg’ﬂeéPWﬁQQ forsupplyingtp gammen seHice$d agyoltage Vs oat i ng
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drain 36 reaches threshold current Ith and time [err] when progranmming is

‘conpl et e@rogrmining atdsupplyingprogramming stop|signiabVet topespgetivevaliges saustesdde _
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Veis VPD, and V. In Fig. 15A, common source 83 is grounded with the substrate (not

shown).
In Fig. 15A, voltage V; supplied to control gate 84 from first voltage source 88 isa
positive voltage varying in correspondence with the respective threshold level programmiﬁg
~ of the multi-level programming. Voltage V'p supplied to the programming field effect
transistor from second voltage source 89 is a fixed positive voltage. Current detector 91A of
Fig. 15A can be replaced with voltage detector 91B of Fig. 15B.

- Referring to Fig. 15B, besides the components of Fig. 14, the nonvolatile memory cell
further comprises a first voltage source 88 for supplying a voltage V; to control gate 84, a
second voltage source 89 for supplying a voltage VPD to first drain 82 of the programming
field effect transistor for programming, a third voltage source 90 for supplying to common
source 83 a voltage Vg lower than voltage V¥p, supplied to first drain 82, and a voltage
detector 91B for monitoring voltage VMD-,i(t) during programming and supplying
programming stop signal Vgr to the first and second voltage sources 88 and 89 when the
monitored voltage VMD,i(t) of second drain 85 reaches a set reference voltage Vp 1iyto cut off
voltages V¢; and VPD. _

Even when voltage detector 91B of Fig. 15B is used instead of current detector 91A of
Fig. 15A, voltage V; supplied to control gate 84 from first voltage source 88 is a positive
voltage varying in correspondence with the respective threshold level programming of the

multi-level programming. Voltage V'p, supplied to first drain 82 of the programming field



[err] To rearrange equation (5) according to voltage [err] applied to
control gate 33 fromfirst voltage source 38, the [err]...(6)

following equation (6) is [err] = [err]

given: [err] [err] where [err] is defined: 15 Here, it is inportant that
value [err], when detection tine point tg[err], is a constant with respect

to contr gffed¥aBsiviet FdftseboHd Jolﬁ%i: E&V\lggef] 9% ReLfitedSHosRiIvE vltagéd| AsHon'ih 1“1%‘a o

determ ned by drain voltage [err = [err], voltage Vp applied
progr am §aBevdl@dge detdctdeP b dambe genfrgurdorith s weltagesofwee Vppdontindecing awkti ch are
det erm nec} duri ngf t he ganuf.acturl nas(ghocess. The circyjt can be consg&uct ed
so that SRS ARERSNYB TEUIRIGHeANNSCEd REPERR VOUASE SOUGE Ve S04 BPooRd TR &P e
rel at'Vebf'ﬂ)}é%éhiﬁ?i?glqemyfb&ﬁm&.t0 the other two terns. In the

ve thresho

respecti evel programm ng, VD(tp) at the conpletion of
progranmm ng ( Woktagé Vyid s2t to e less thameit el tolderoE O anidbisisapplied)to theoproggm [ err ]

of contr gllte%ﬂlﬁe f;fr:;’t én?l?oudiirrngr?t sfhg\rwntirrx] %‘igis:[ I?B %‘5 28 r}]I%l'vvcévclar(,a ¥h%| cell of the second
embodiment shown in Figs. 15A and 15B uses a programming field effect transistor instead
of the program gate. Voltage V'p, applied to the programming field effect transistor is a fixed
positive value.

In a nonvolatile memory cell comprising a control gate 84, a floating gate divided into
first and second areas 81a and 81b, a programming field effect transistor having a first
threshold voltz.lge V¥ and including first area 81a of floating gate 81, first drain 82,
common source 83, and a first channel area 86 located between first drain 82 and common
source 83, and a monitoring field effect transistor having a second threshold voltage VF-mz
higher than first threshold voltage V'y; and including second area 81b of floating gate 81,
second drain 85, common source 83, and a second channel area 87 placed between second
drain 85 and common source 83, a method of programming the second embodiment of the
nonvolatile memory cell of the presént invention includes the steps of: supplying first voltage
V¢, to control gate 84 and second voltage VPD to first drain 82 so that charge carriers are fed
to floating gate 81 through first channel area 86 and an inversion layer is formed in second
channel area 87 for programming; and monitoring the conductivity of the inversion layer
during programming and cutting off the supply of first voltage V; to control gate 84 and/or
second voltage VPD to first drain 82 when the monitored conductivity reaches a value
corresponding to threshold voltage V¥, of the monitoring field effect transistor.

In Figs. 14, 15A and 15B, supplying charge carriers to floating gate 81 from first
channel area 86 for programming can be performed ﬂnrough hot carrier injection or Fowler-
Norheim (FN) tunnelling. In case of programming using the tunnelling mechanism, the
voltage applied to the first drain is less than or equal to zero.

Referring to Figs. 16A and 16B, the nonvolatile memory cell comprises a first

conductivity-type (P type) semiconductor substrate 92,-a second conductivity-type (n+) first



progranm ng can be expressed as the follow ng equation (7): [err]

(7) wherei =0, 2, 3,..., n-1. Fromthis equation, it can be shown that
threshold | evels to be programmed and correspondi ngly applied control
voltages are linear with a slope of 1. Fig. 7B shows this result. Here,

| i kewi se, according to equation (4), theagharge amount of the floating gate

i's |1 neafmpiufity #93; 88dondlimgadis iel 98886 thifEiausty 44 98 séqentiallySfosBedbomnt
as nentioned above, the ith shift [err] of the voltage applied to control
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32 for twnpetily at¢hsiod andi9g@mithe Murfdcalof yubstrate 92, a floating gate 96 formed over first

and third impurity areas 93 and 95 on first and second gate insulating layers 98 and 99, a

contro] gate 97 formed above floating gate 96, and an insulating layer 102 formed to insulate

floating gate 96 from control gate 97.

Here, as shown in Fig. 16B, second gate insulating layei' 99 is thicker than first gate
insulating layer 98. First gate insulating layer 98 is determined to be sufficiently thin so that
charge carriers are erased to first channel area 100 from floating gate 96 through tunnelling.

While not described in detail in Figs. 16A and 16B, a field insulating layer 103 is
further formed on the surface of substrate 92 excluding first gate insulating layer 98 and
second gate insulating layer 99. In Figs. 16A and 16B, floating gate 96 is formed over first
and second channel areas 100 and 101. Part of floating gate 96 extends to the surface of field
insulating layer 103.

Referring to Fig. 17A, the nonvolatile memory device of the present invention
comprises a plurality of word lines 104 disposed to be spaced apart by a predetermined
distance, a plurality of second conductivity-type bit lines 105 disposed to be perpendicular to
word lines 104 to form a plurality of squares or rectangles spaced apart by a predetermined
distance, common source lines 106 formed to divide the respective squares or rectangles in
the same direction as bit lines 105 into the left and right areas between bit lines 105, and a.
plurality of nonvolatile memory cells having a floating gate 81 divided into first control gate
84, first and second areas 81a and 81b, a programming field effect transistor placed to the
right of the squares, for example, and for supplying charge carriers to floating gate 81 for
programming, and a monitoring field effect transistor placed to the left of the squares, for

example, and for verifying the amount of charge carriers of floating gate 81 during



16 and snallest at a tinme point when voltage [err] reaches a given
threshold voltage VFTH at floating gate 31, that is, when programmng is
conpl eted. The maximum [err] of the tunnelling voltage can be given as the
foll owi ng equation (9) by the difference between initial voltage [err] of

floating gate 31 and voltage [err] = [ergg 1(O - [err] (actually negative
val ue). profgrammtnﬁ e E@g’réﬁlm\i’xﬁ)g ﬁﬂﬁ'eﬂ%& hfﬁs@fo?%d’tm&ﬁ'&éia?e%&h%f Eloiig oite (9)
if the inhiflal arge am)unt [err](0) of floating gate 31 is zero, equation
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prograrmed at the lowest |evel. Erasure I's perforned accor di ng to the
f ol | owi nggcond drain 85 is coupled to first drain 82 of the nonvolatile memory located in a square to

the left of the second drain 85, for example.

_ When the nonvolatile memory device of Fig. 17A operates in the program mode due
to the hot caﬁer injection, 6-13V can be applied to a selected word line, 0V to unselected
word lines, 5-9V to a selected bit line, OV to unselected bit lines, OV to the common source
line, and OV to the substrate.

When the nonvolatile memory device of Fig. 17A operates in the erasure mode, "7~
12V can be applied to a selected word line, and a selected bit line is floated. Power voltage
Vecc is applied to the common source line, and 0V to the substrate.

When the nonvolatile memory device of Fig. 17A opérates in the read mode, Vcc can
be applied to a selected word line, 0V to unselected word lines, 0.5-2V to a selected bit line,
OV to unselecfed bit lines, OV to the common source line, and OV to the substrate.

The voltages of Fig. 17B can be varied with structural characteristics or electrical
parameters of the memory cells, for instance, the coupling constant or the thickness of tunnel
insulator. |

As described above, the present invention is advantageous in the following respects.

First, respective threshold level programming is accomplished merely by changing the
voltage of the control gate thereby, facilitating multi-level programming.

Second, the respective threshold voltage levels and corresponding control gate
voltages are linear, and the shift of the threshold voltages coincides with the shift of the
control gate voltage, precisely adjusting the shift of the respective level threshold voltages.



steps. First, threshold levels of the overall cells of a selected block are

erased to becone below | evel zero, that is, [err]. Sequentially, with the

| evel zero in which the voltage of control gate 33 is [err], the overall

selected cells are progranmed. Here, value [err] can be 17 fixed

arbitrarily. Erasure is perfornmed substap¢ially according to the-

programm ng mahiigdihe sRed Sfagid f@c@ﬁﬁbl‘l& BVIRE 16843 16VEL pr ?Qﬁixﬁlﬁ%afﬂfl

requirements of voltage [err] of control ‘gate 33 and vo tage Vp of program

gate 32 raﬂmwya:nytrélcgatetWdtalgbhheﬂebyeslmmimnhgwér-qmsmgs amm ng are as follows.
itor the char varj ation efloatln

In order -to e t aedurln .
pr ogr anmi ng, ”&nPF]é’(ﬁ-f gr@mn}lnﬁ%g@ regding s ngo 1s’r‘i%‘flta&?°‘ls %Ith? peyo @‘ﬁ%lge of

t k
R S e S e S

| nver si omndkingethe specded pecamimiig fasle® pur pose, the foll OWI ng equat ion (11)
must be satisfied. [err] (0) > [err] [err].>1th ...... Val ues_[err]
and [err] nustFift PEPROSHMBINGIS DORhRRCeSFary RTiL|to gragiey §8<ﬂiia| aétmlk itage belewneen

DI 091 &M 436 3l K ORLL 08 Genth o) £1RA urkiP BB Qerhl S BREIERTS 'S

strong enolig
merely required for verification.

p

Eighth, the nonvolatile memory cell is constructed as a simple-stacked gate, not a
split-channel, making it compact. Ninth, the accuracy of multi-level programming, that is,
the error distribution of programmed threshold voltages is precisely determined only by
parameters ﬁxéd at the time of fabrication of the nonvolatile memory and by applied bias
voltages. For this reason, the error distribution of the respective levels of the nonvolatile
memory of the present invention is not dependent on the large number of program/erase
cycles. Even during programming, the memory is not dependent on the trap of charges to the
oxide layer, channel mobility, bit line resistance, and unstable or unpredictable electric
elements.

Tenth, the programming method of the nonvolatile memory of the present invention is
voltage-controlled, performing easier and more precise multi-level programming than the
current-controlled method.

Eleventh, the nonvolatile memory device of the present invention is a simple-stacked
structure not an asymmetric cell like the split-channel structure so that a contactless virtual
ground array is attained, sharply reducing the size of chip.

Twelfth, the source and drain of the nonvolatile memory of the present invention are
used only in reading, applying a low voltage required only for reading to the source and drain.
This optimizes the diffusion area of the source and drain.

The foregoing description of preferred embodiment(s) of the invention has been
presented for purposes of illustration and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed, and modifications and variations are

possible in light of the above teachings or may be acquired from practice of the invention.



Value [err] is a fixed negative value so that the strength of the tunnel
electric field increases as value [err] becones high. The speed of
programr ng al so i ncreases as threshold voltage shift DVCTH of control gate
33 becones | arge. Thus, a progranm ng nethod in accordance with current
detection has been described. Hereinafteps a progranning met hod in
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8. The programm ng nethod 1 n accordance wth vol age d ctionis
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sour ce 44ppeided hertd, ahdthefifequbalenes ed bet ween reference vol tage source 44
and drain 36. This is the nost sinple configuration. Voltage detector 43
nonitors the voltage of drain 36 during progranm ng. During nonitoring,
when voltage [err] of floating gate 31 reaches a threshold voltage [err],
and if drain voltage D, TH is detected, then a programm ng stop signal VST
is output. Value [err] is constant with respect to the overall programm ng

| evel . 18 Like the current detection method, progranmng is conpleted
when, in response to _



parts are.al so substantially the sane as the current detecti OR,
description will be omtted. Referring to Figs. 9A and 9B, a first
structure of a nonvolatile nmenory of thg present invention conprises a’
first coﬂe&_}gﬁﬂgﬁgpe sem conduct or substrate 50 having a channel area on
its surface, oating gate 51 formed on the channel area, control gate 52
formed above floating gate 51, programgate 53 forned adjacent to floating
gate 51, and an inéﬁlt?atélgﬁ | ayer 54 forned, bet ween program gate 53,

fl oating gate!51, nyeigtilednemory el SOmpRSINEL syl ating |ayer 54 is
sufficiently i Qboihe en floating gate 51 and program gate 53 to enabl e
tunnel I i ng t herebetisern. Referring to Figs. 9A and 9B again, a field

i nsul ati ng | ayprogbémmingfregivashaving dfirss curtent pathfcopnsesddriatseid Flbatitg pavenfidr ng

t he channel area. Part of floating gate 51 extends to the surface of field
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thin to én g ween area and floating gate 51.
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is simlar to that of the first structure. I'n this enbodinment, part of
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Referrinﬁrto Figs. 11 A and 11 B, a third structure of the present

I nventi o oﬁffgfrﬂ 5 simlar to that of the first structure. In this third
enbodi ment, programgate 53 is placed adjacent to the top of floating gate
51. '

progranmi ng stop signal [err], first and/or second voltage s :
39 cut off control gate voltage [err] and program gate vol taamngmu HE] "IIII
S * .

2. A nonvolatile memory cell as claimed in claim 1, wherein said programming
region includes a tunnelling diode, and said verification region includes a field effect

transistor.

3. A nonvolatile memory first cell as claimed in claim 1, wherein said
programming region includes a field effect transistor and said verification region includes a

second field effect transistor.

4, A nonvolatile memory cell comprising:

é floating gate;

a program gate for providing charge carriers to said floating gate for the purpose of
programming; | | .

a control gate for controlling the amount of charge carriers provided to said floating
gate for programming; and

a field effect transistor for verifying charge carriers provided to said floating gate
during programming, said field effect transistor including said floating gate, a source, a drain,

and a channel region between said source and said drain.

5. A nonvolatile memory device as claimed in claim 4, further comprising:



Referring to Figs. 12A and 12B, a fourth structure of nonvol atile ry of
the present invention conprises a first conductivity-type s% H tl (u""
substrate 50 having a channel area on its surface, floating n
on the channel area, two second conductivity-type inpurity areas 57 and 58

fornmed on either side of the channel arga within the surface of the

sem conduct or f e@.%v pating gate 51,
program gate %gthgéﬁ%ggfcggé{l%bpg@%e%gﬂaﬁgE%Tgét}% ,0?5%%’ an insulating

| ayer 54 for n@second wekagesooge d60 pplyinga vdéltagato suid prigeand gateand control gate
52. The insulating |layer 54 s sufficiently thin between floating gate 51

and progr am gathirdsvpltage sopes for suppivipg pygltage togaidsaiahet ween. A fiel d

o Tormed-sur  FRrBNRYE{ ARSI BipatBE RErid Rtk p it b Bl o
and the §dp?ﬁ&df&agﬁa@h§&nd Referring to Fig. 13A the nonvolatile nenory
devi ce of 'the present invention conprises a sem conductor substrate 60, a

plurality of swuanentidetestosiorsistecting thoantremyofsaidrdselnduring pragrathwingand on
B oL b W B o AP U
predet er g0l Giaii QRfeRi reiciRls '4lset thieshOId cREreRt ﬁrfhét'aﬁfeﬁst@ile rsaav8Hagel t he

same direction as the respective bit lines, and a plurality of nonvolatile
menory cthketefrofidisdusgiised i n each of the respective squares or

. 6. A nonvolatile memory device as claimed in claim 5, wherein said voltage

supplied from said fourth voltage source to said source is a ground voltage.

7. A nonvolatile memory device as claimed in claim 5, wherein said voltage
supplied to said control gate from said first voltage source is a positive value varying in
correspondence with a respective threshold level programming of a multi-level programming,
and said voltage supplied to said program gate from said second voltage source is a fixed

value below zero.

8. A nonvolatile memory device as claimed in claim 4, further comprising:

a first voltage source for supplying a voltage to said control gate;

a second voltage source for supplying a voltage to said program gate; and

a voltage detector for monitoring a voltage of said drain during programming and
supplying a programming stop signal to one of said first and second voltage sources when the
detected drain voltage reaches a reference voltage so that at least one of said voltages from

said first and second voltages sources is cut off.

9. A nonvolatile memory device as claimed in claim 8, wherein said voltage
supplied to said control gate from said first voltage source is a positive value varying in

correspondence with a respective threshold level programming of a multi-level programming,



rectangles. In Fig. 13A, as shown in Fig. 3, nonvolatile nmeppry cells 64
each conprise a floating gate 65, programgate 66 for suppl ml’ﬂ"ﬁ"ﬂﬁ"
floating gate 65 for the purpose of programm ng, control ga Lovuatt (i 111
controlling the amount of charges supplied to floating gate 65 for the
purpose of progranmming, and field effectgtransi stor 68 for reading (or

veri fyi nghd 5418 venapesupplied-103biiprogran S fromBRid se6oridovditag@dunée Batfikedd

during programm ng. Fleld effect transistor 68 is conposed of floating gate
65, sour veluedelomrzgrer 70, and channel area 71 between source 69 and drain

70. Control gate 67 of the respective nenory cells is coupled to nearby
word line 61 and program gate 66 is coupled to nearby programline 63.
Source 69 of ngNVolRhbdRIARIRioFPieviCifas claifd TP Ahim 8ORAGEIEdid Wifagar by bit
line 62 along with drain 70 of nonvolatile memory cell 64 placed ih a

near by oudetedfoacempriseyaaeferenés veltagersource Eorgupflyitg satdanferénee voltagel, and 4 e

menory device operates in a programnode, 8-15V.is, applied to a selected
program F?%orG@PnW‘ﬁFtWﬁ%Vé‘if%ﬂeﬁeo‘@fté&? ?quﬁ‘&ané?f‘udégalﬁv to a selected
word |ine 61, 0--10V to unselected word lines 61, 0.5-2V to a selected bit
line 62, OV to unselected bit lines 62 placed to the left, for exanple, of
a selected cellll, 0.n@Wolailémiemorydévics®s dhdimed liméelaimh 8 whertin saltevoliaght , f or
exanpl e, of the selected cell, and OV tq substrate, 60. Wen the nonvol atile
menory dégteslor spraprses @ referanse valtagesopsss dor supplyingsaid refisencs yeltags, apda v

vol tages ‘diode connected between said reference voltage source and said drain.

12. -In a nonvolatile memory cell comprising a control gate, a floating gate, a
program gate, and a transistor having a threshold voltage and including said floating gate, a
source, a drain, and a channel region between said drain and said source, a method of
programming the nonvolatile memory cell comprising the steps of:

supplying a first voltage to said control gate and a second voltage to said program gate
so that charge carriers for programming are fed to said floating gate from said program gate
and an inversion layer is formed in said channel region; and |

monitoring the conductivity of said inversion layer during programming and stopping
the supply of at least one of said first voltage to said control gate and said second voltage to
said program gate when the monitored conductivity reaches a value corresponding to the

threshold voltage of the transistor.

13. A method of programming a nonvolatile memory as claimed in claim 12,
wherein said first voltage is a positive value varying in correspondence with a respective
threshold level programming of a multi-level programming, and said second voltage is a

fixed negative value.

14. A nonvolatile memory device comprising:



20 First, to erase through bit lines 62, 0-12V is appli to the ove :
program. lines 63 of a selected erasure bl ock, 7-12V to the Mﬁ"ﬂl““mmuu""l"l :
lines 61 of the selected erasure block, 0- 6V to the overall

of the selected erasure block, and 0-6V to substrate 60. To erase through
substrate 60, 0-12V is applied to the ogugrall programlines 63 of a '

sel ected er asuy grsbbictivityl 8K bemichRIRYR!sbiratOhslidg Semnldl fFiohloa ige! ect ed

erasure‘block. Bit |ines he sel ected bl ock are floate 0-6V is
appl i ed tsurﬁacd;strate 60. Wen the nonvol atil e nmenory device operates in a

read node, applied. to sel.ect ed rogramllne 63, OV to unsel ected
program | i ne 638 0458‘&95@ %‘g #‘%mﬁ’?g’loé‘cted word line 61, OV to

| ected wor,d,.l: | [
insel cct ed bi e EBERL e °§3§5§¥%&?t@°ﬁtﬁﬁtf§?gef§?r#&% Ager e ol
lines 62 ghamet degiorgWithinfthe sirfael eaid 3adicolvddctorsubstatgt e 60. The vol tages of

Fig. 13B can be varied wth structuyral characteristics or electrical
paramet ers of &%atrebgae jormed|above sid flaaling@ate; t he coupl i ng constant or the

t hi ckness of tu I Il be
descri bed the S@rggtlagi g%%h%}n Fﬁggﬂnoﬁvg}mgﬁrg&e % Sgﬁﬂgg{“}b’% §%g%§§goof
the presesid flows Etgbgmm@ gobragramhiifg aafl programming, with reference to Figs.
14, 15A, 15B, 16 16B, 17A, and 17/B.
an insulating layer formed between said program gate, said floating gate, and said
control gate, said insulating layer being sufficiently thin between said floating gate and

program gate to enable tunnelling therebetween.

15. A nonvolatile memory device as claimed in claim 14, further comprising a

field insulating layer formed on a surface of said substrate surrounding said channel region.

16. A nonvolatile memory device as claimed in claim 15, wherein a portion of

said floating gate extends to a surface of said field insulating layer.

17. A nonvolatile memory device as claimed in claim 14, wherein said program

gate is formed adjacent to sides of said floating gate.

18. A nonvolatile memory device as claimed in claim 14, wherein said program

gate is formed above said floating gate.

19. A nonvolatile memory device as claimed in claim 14, wherein said program

gate is formed adjacent to a bottom portion of said floating gate.

20. A nonvolatile memory device as claimed in claim 14, further comprising a
gate insulating layer formed between said channel region and said floating gate, and which is

sufficiently thin to enable tunnelling therebetween. -



Referring to Fig. 14, the nonvolatile menory conprises a fI
divided into a first area 8la and a second area 81lb; a prog gmﬁmfﬂ] uﬁtuml
effect transistor including first area 8la of floating gate ,

82, and comon source 83, and having a first threshold voltage [err] for
supplying charge carriers to floating gate 81 for the purpose of N
programm ng; a control gate 84 for controlling the anount of charge

carriers supplied to floating gate 81 for programm ng; and a nonitoring
field effect t&lansiAandlatﬂbcrwirmgyde‘dmcbmpmlgzlb of floating gate 81

(excluding fi rst second, draj.n 85 op source 83, and
having a secofd! lgs?ﬁW%ngWf%e‘fﬁ?ﬁbX%P@%FW SPRE®amount of charge
carriers supply g tﬁﬁé'mse@&ﬁc%ad&am fa%éar?er?end&naﬁb%aﬁlw&ult of
Fig. 14, secon 1(i![hrl sl&ol dsvo |'tage [err] rrutggy%ée greate tﬁan first

t hr eshol dines hmdu\gmcﬁchapa}'t bylspretietermined disgncelth, form hiphealityeffréatatglespbodi nent ,

t he second enbo Nt of nonvol at il e nenor of the present invention

does not haveaeP - ofrRregtam | l@ﬁdlﬁpﬁiqdé%%ﬁﬁélmzt © FesBeqtive it lingsy and; ar eas

the. progr amm A EPAH bRt b3 als GATHRERN £ Ropalitte kil
conponentnodlafiiegnenidry celleedohldonplisingy. 15A further conprises a f| rst

vol tage source 88 for supplying a voltage to control gate 84, a second
vol t age sourc@@tmgrga%pplyl ng a voltage [err] to first drain 82 of the

programm ng fi eﬂrggr%.r'nf fa%, c%ﬁﬂ@& 'tés&g)e 015f s3ld plurality of program lines, for supplying charge

carriers to said floating gate for the purpose of programmihg;

a control gate, coupled to one of said plurality of word lines, for controlling the
amount of charge carriers supplied to said floating gate for the purpose of programming; and

a field effect transistor for reading or verifying the amount of charge carriers supplied

 to said floating gate during programming, said field effect transistor comprising said floating

gate, a source, a drain, and a channel region between said source and drain, said source being
connected to one of said plurality of bit lines together with a drain of a nonvolatile memory
cell located in a rectangle adjacent said source, and said drain being connected to one of said
plurality of bit lines together with a source of a nonvolatile memory cell located in a rectangle
adjacent said drain.

22. A nonvolatile memory device as claimed in claim 21, wherein, when said
nonvolatile memory device operates in a program mode, -8 to -15V is applied to a selected
program line, 0V to an unselected program line, 3 to 12V to a selected word line, 0 to -10V to
an unselected word line, 0.5 to 2V to a selected bit line, 0V to unselected bit lines located on
a first side of a selected cell, 0.5 to 2V to more than one bit line located on a second side of

the selected cell opposite said first side, and OV to substrate.

23. A nonvolatile memory device as claimed in claim 21, wherein when said

nonvolatile memory device operates in an erase mode through said bit lines, 0 to 12V is



programm ng, a third voltage source 90 for supplying to co

voltage [err] |lower than voltage [err] supplied to first drm-rjﬂﬁﬁﬂ!“ ﬂ IITHIII
current detector 91A for detecting current [err] flowing th *
drain 85 of the nonitoring field effect transistor during progranmm ng and
suppl ying programm ng stop signal [err]32o0 respective voltage sources 88,
89 and 9@pﬂ§ﬁﬁﬂﬁo'fa&eled&ﬂ@ﬁgi&nqmlé[ Gitb - 12068 seléctebivofdlis D @b 6Vav arseldtted bit t o
cut off vol tages [err] and [err]. In Fig. 15A, comon source 83 is grounded
vmththellg tootaidsswbemgte: 1n Fig. 1 5A, voltage [err] supplied to
control gate 84 fromf| rst voltage source 88 is a positive voltage varying
in correspondence with the respective threshold |evel programming of the
nul ti-1evel pragramhésolaii RaRry 86vide SWhilinegth E1gink D€, WHAEInaMEnaid | el d
effect transistor from second voltage source 89 is a fixed positive

vol t age. nGuvolatile mbmagy devic® operates i gl era®Ancdathimigh epidsubstrag, 0o l38Vtisge

det ect or B of Fi 5B. Referr 1 besi des the cQ nents of
o, 14, aPiEdiomvEltaed BeeRn, 2T 6 o2 Pl elinprd Gerd The) 7 SSRD PR e B
source 8obQl qp{f J6W%s @ fédttégﬁd[s didatd O control gate 84, a second

vol tage source or sup%?qyl ng a v tage [err] to first drain 82 of the

programming field effect transistor for progranm ng, a third vol tage source

90 for supplylng to co n.source 83 . a voltage. [err] r thap vol tage
[err] supplieddto fPIIVOlptile memory deiicens daimg @19@%810‘?1 Y98, VB0 $iti t or i ng

| t
Vo1 202 LShdadld i BRI, AR 00 L ARLAN Mol OBeBhbl e
vol t age vetorah L@Eeléﬁéd)pﬂ)gfh‘lﬁhﬂe 85or@Aateselsttedaiord dine) BV eeaty ahdeRgred[word] t O

cut off voltages [err] and V[err].
line, 0.5 to 2V to a selected bit line, OV to unselected bit lines located on a first side of a

selected cell, 0.5 to 2V to more than one bit line located on a second side of the selected cell

opposite said first side, and OV to substrate.

26. A nonvolatile memory cell comprising:

a floating gate divided into first and second regions;

a programming field effect transistor including said first region of said floating gate, a
first drain, a common source, and- having a first threshold voltage for supplying charge
carriers to said floating gate for the purpose of programming;

a control gate for controlling the amount of charge carriers supplied to said floating
gate for programming; and

a monitoring field effect transistor including said second region of said floating gate
excluding said first region, a second drain, and said common source, and having a second
threshold voltage for verifying the amount of charge carriers supplied to said floating gate

during programming.

27. A nonvolatile memory cell as claimed in claim 26, wherein said second

threshold voltage is greater than said first threshold voltage.



Even when voltage detector 91B of Fig. 15B is used instead
detector 91A of Fig. 1 5A voltage [err] supplied to contrjmggmmlgml |Il”H“|
first voltage source 88 is a positive voltage varying in enc *
with the respective threshold | evel programrmng of the nmulti-| evel

programm ng. Voltage [err] supplied to 33rst drain 82 of the progranmng
field 22 epgect AlnciRslatiledhembBNdevae@R dlantkd f0Mai8026, Fartid compéisin xed
positive voltage. As shown in Fig. 15B, voltage det ector 91 B can

confi gured wi @firs vobiagespurcedar supp|ydng 2 veltageitn said comfrol gotss r ef er ence

frai n 85 of t RSO voHPee g R aPE BBtk & Poles 1 B MU of St PitamBnaey
be | ess ﬁgﬁrbff%t@&ﬂgltortfgr%,%gﬁn(,{lﬁgr]m and is supplied to the program gate
of the first enbodi nent own in Figs. 3B and 4. However, the cell of the
second enbodi athitd wditage sourcé-faysuprlFiagao said SEBmomassoarcp Iaozgttagmiesnjham sdidl

effect transistor,, instead. of, the ogram gate. Voltage [err] applied to the
pr ogr armPlpEeisEPR]icdstp s 8%‘?“&1%‘?5‘1“@{ is a fixed positive value. In a

nonvol atil e e
on ; @%é(nt%%cgogg%gke}'ruggg%g%&ﬂﬁﬁhn%?ﬁgugﬁf‘the Sedoh@ AkdinBf ¢ ?ﬁ%

di vi ded |nto I'rst an a programm ng | d

ef f ect . t hpakosigficld@ffcogransistor durihd prprahmingdndagpplyingra prog@ninnaf sthpng
first area 8la of floatlg%cg gate 81, first drain 82, conmon source 83, and a

first cheignalito spidfirstesecondyrad thied vRltage spurees e the deteclpd cumpptBTRches a set

reference current so that said voltages supplied from said first, second, and third voltage

sources are cut off.

29. A nonvolatile memory device as claimed in claim 28, wherein said common

source is grounded with said substrate.

30. A nonvolatile memory device as claimed in claim 28, wherein said voltage
supplied to said control gate from said first voltage source is a positive value varying in
correspondence with a respective threshold level programming of a multi-level programming,
and said voltage supplied to said programming field effect transistor from said second voltage

source is a fixed positive value.

31. A nonvolatile memory device as claimed in claim 28, wherein said voltage
supplied to said control gate from said first vbltage source is a positive value varying in
correspondence with a respective threshold level programming of a multi-level programming,
and said voltage supplied to said programming field effect transistor from said second voltage

source is a fixed value that is less than or equal to zero.

32. A nonvolatile memory device as claimed in claim 28, further comprising:

a first voltage source for supplying a voltage to said control gate;



—_—

source 83, and a nonitoring field effect transistor having

threshold voltage [err] higher than first threshold vol tageIﬂBiﬂﬂﬂEmw””“l
i ncludi ng second area 8 | b of floating gate 81, second drai nid5¢ s
source 83, and a second channel area 87 placed between second drain 85 and
common source 83, a nethod of programm ng the second enbodi ment of the
nonvol ati | e nersesshdcitag®@Eoireiop s@sitying aVoRadd t0Mhd it tidatof the pfogeRimitg
supplying first voltage [err] to control gate 84 and second voltage [err]

to first figldelfecgransistonigr progaam@ingarriers are fed to floating gate 81

t hrough first channel area 86 and an inversion layer is forned in second
channel ar o SHEOTSIAGGPRRRAE T PRRIhe B R ORT arseaRIBEF TS

i nver si oR,o|Eyeduppiiéd 3%af MSf &41H; Bed and cutting of f the supply of first

vol t age [er?%l tg control gate 84 and/or second voltage [err] to first drain
82 when t he narutrenedétectordocmonitonyng waltags of theskecomdarainalupiog grogyarmhming
threshold vqgltage [err] of the nonitorin ,‘{heldqeffec({) tlransistor. I n

Figs. 14209507 SYRBIYINGES ProgiapIying JaprRigngh ia.Seid kst and seondyvaliags Sees wheny r om
first chapng ' carrier
I nj ection or!0 ovf gfgﬁ%ﬁﬁéfa%%?éﬁiﬁ t%%ﬁgﬁfﬁgsa?é\élggg%%éﬁa%rg%g{r&g% ng using
t he tunnaboltages frone baid ifisstand becond voRage sopiues e cuboffhe first drain is |ess
than or equal to zero. Referring to Figs. 16A and 16B, the nonvolatile
menory cell conprises a first conductivity-type (P type) sem conductor

substrate 92, 3.5 CCRRG Y ﬁ{e.}ﬁ/oir& YeditPss diidedsh Eflm 32', Wherein said voltage

suppl_ied to said control gate from said first voltage source is a positive value varying in

\F (@]

correspondence with a respective threshold level programming of a multi-level programming,
- and said voltage supplied to the first drain of said programming field effect transistor from

said second voltage source is a fixed positive value.

34. A nonvolatile memory device as claimed in claim 33, wherein said voltage
supplied to said control gate from said first voltage source is a positive value varying in
| correspondence with a respective threshold level programming of a multi-level programming,
and said voltage supplied to the first drain of said programming field effect transistor from

said second voltage source is a fixed value that is less than or equal to zero.

35. A nonvolatile memory device as claimed in claim 32, wherein said voltage
detector comprises a reference voltage source for supplying a set reference voltage, and a
resistor connected between said reference voltage source and said second drain of said

monitoring field effect transistor.

36. Inanonvolatile memory cell comprising a control gate; a floating gate divided
into first and second regions; a programming field effect transistor including said first region
of said floating gate, a first drain, a common source, and a first channel region between said

first drain and said common source, and having a first threshold voltage; and a monitoring



impurity area 93, second inpurity area 94, and third inpurit I
sequentially fornmed on the surface of substrate 92 while spaﬂmummmm;”'m”m :
predeterm ned di stance, a first gate insulating |ayer 98 forngd évet fhrst =«
and second inpurity areas 93 and 94 on substrate 92, a second gate

i nsulating | ayer 99 fornmed over second Bspurity area 94 and third inpurity

area 95 gyl &fbect fidnsistol intRbRIp!saidHecdaitinggioh 0B Baill Midhtif gdté,ladec@il drain)sdid at i ng

| ayer 98, a first channel area 100 defined as a region between first and

second i epommansoyrceaandossesard changel region batwegn said second drain and sgid commwsond

h I 101 .defi ned as regi,on, bet.ween seco and third i rit
oreas. 04 Ao0R btved Semr P SRRR R R G R kB o o) e
over fi F%ﬁetﬁdlijoﬁﬂ}b 14miniBY i NordbRAR rﬁ&n&@%eﬁ%oﬂx?ﬁ%ﬂn@%eﬁ&?s&?cond_ gate
insulating | ayers 98 and 99, a control gate 97 Torned above floating gate

96, and an i nsupplyinga firatrenltage B $aid cmndrol gate mad b a¢eond volsgertg sgidt ferstodrairsom

control gate 97. Here,.as shown in Fig. 16B, second gate .insulatinhg |ayer
99 is thitRachargs sarriers o p@gfa@imw&ﬂr%h%ﬁa syid floatingsgate evglb%eihﬁﬁém%&% ng

| ayer 98 _J gﬁh el | ' 96 L are
erased tcgéé ?x?ﬁr%gé%rnne lﬁéﬁlggmﬁg%éﬂfs g)lgﬁn gsaéo?hgd glgstaied%%oﬁr ougﬂq‘tg%léirl\’gﬁai ng.

Whi | e not desa@idriging thed@induttivity dfisgid. invdadion tayed didingeprbgraiining and stoppigg

| ayer 103 is further forned on the surface of substrate 92 excluding first

gat e i nsihasuprly ofa) isasiomenfgaiddirsttpligae t© saitsernirol saje ard said sepong yoltagedo 16A
d 16B, _fi.qatl i s . ' 100
e 165 S B Alch GO bR T RSy H e ARSI RN e o oo

i nsul at i AlrestRI@Volid}3 of Bef bhitdithg! il effect krdAsistbhle nonvol atile nmenory device

of the present invention conprises a plurality of word lines 104 di sposed
to be spaced apart by a predeterm ned

37. A method of programming a nonvolatile memory cell as claimed in claim 36,
wherein said step of supplying charge carriers to said floating gate from said first channel
region for programming is performed through one of hot carrier injection and Fowler-

Nordheim tunnelling.

38. A method of programming a nonvolatile memory as claimed in claim 36,
wherein said first voltage is a positive value varying in correspondence with a respective
threshold level programming of a multi-level programming, and said second voltage is a

fixed positive value.

39. A method of programming a nonvolatile memory as claimed in claim 36,
threin said first voltage is a positive value varying in correspondence with a respective
threshold level programming of a multi-level programming, and said second voltage is a

fixed value that is less than or equal to zero.

40. A nonvolatile memory cell comprising:

a first conductivity-type semiconductor substrate;



di stance, a plurality of second conductivity-type bit lines. I

be perpendicular to word lines 104 to forma plurality of sqqmnm(“ﬂﬂlmm“'
rectangl es spaced apart by a predeterm ned di stance, conmon source Itinés ¢ *
106 forned to divide the respective squares or rectangles in the sane
direction as bit lines 105 into the |eft36and right areas between bit |ines
105, and a pl ua fitst imgpurity negiom|acsecdrel mptmt}yregmlnL mdmﬂimdgmuﬁtymgiondogw&cb 81

di vi ded Intt% first contro| gate 84, rst .and s cond as 81a b a

pr ogr anmi Hythe swifepeatsaidisu ?%‘%?%‘1%’?" PR PYAPTE e‘F}l é f or

exanpl e,

pr ogr amnm %glﬂéﬁglt?}%r{%’!{sgralsﬁg P?gpgﬁgﬂfgétﬁ %‘@éﬁigﬁgﬁrgﬁgﬁ?‘ﬁﬁé&“mﬁé ifeft of
t he squarsgsond endaetaripigpe;and for ver| fyi ng t he amount of charge carriers
of floating gate 81 durin ramm The progranm ng field effect
transi stor i nctfitsbgateiipsyla @gé@feg{orgle fover S?E?ﬁﬁb ongh impurity regiong onisaidg2,
and comon rce 83, and a first channel area 86 placed between first
drain 82 é‘#&“ nmon source 83. The nonitoring field effect transistor

i ncl udes secongseabfidgaté nsafatibl Oflet Rim@aloferSshid secoREAIChIHE dnPurdy re@bfl &RIMDN
source 83, and a second channel area 87 placed between second draln 85 and
common s ohaving mﬁemﬂndmess)ﬁogathai of gaid dirgt @atﬂleﬁﬂatmgriemby word |ine 104,

and the common rce d to coqmpn sour Fhe first

rain 8215 COURLHEROEEPB eHReT 4 BERB oot e 4 SRR 85 of
the-nonvoﬂegfohggnmcégpﬁ@glusﬁa@ square to the right of the first drain,
for exanpl and

a second channel region defined as a region between said second and third impurity
regions on the surface of said substrate;

a floating gate formed over said first and third impurify regions on said first and
second gate insulating layers;
a control gate formed above said floating gate; and

an insulating layer formed between said floating gate and said control gate.

41. A nonvolatile memory cell as claimed in claim 40, wherein said second gate

insulating layer is thicker than said first gate insulating layer.

42. A nonvolatile memory cell as claimed in claim 40, wherein said first gate

1nsulat1ng layer is sufficiently thin to enable tunnelling for programming and erasure.

43, A nonvolatile memory cell as claimed in claim 40, wherein a field insulating
layer is further formed on the surface of said substrate surrounding said first and second gate

insulating layers.

44, A nonvolatile memory cell as claimed in claim 40, wherein a part of said

floating gate extends to the surface of said field insulating layer.



second drain 85 is coupled to first drain 82 of the nonvol ati
| ocated in a square to the left of the second drain 85, fori 4 ﬂm"'"l
the nonvol atile nmenory device of Fig. 17A operates in the program no

to the hot carrier injection, 6-13V can be applied to a sel ected vvord I|ne

OV to unsel ected word lines, 5-9V to a selected bit line, OV to unsel ected
bit Iines, OV45o t Renexvohatite semoseddviceecompridingy to the substrate. Wien the
nonvol ati | e menory device of Fig. 17A operat es in the erasure node, 7- 12V
can be appl i eGPﬂ‘Ea'atYﬁIVéE@@éeWGeqa}mE byapredeterayined digtanse; |ine is floated.
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substrate. \g}\hé1 ? lfrﬁléty Ogﬁg(ﬂngt%lo {‘&Chgﬁ%%@l’%g%o%%ﬁéd& ?ﬁen?%%lagg?g %ya?% t he
read mod@nesvd s«foaébdtr@aﬁmgld Rédéi@ninsdistahcdo forntla bivedity @Frefc&ngfb‘ée| ect ed
word lines, 0.5-2V t0o a selected bit line, OV to unselected bit |lines, OV

to the comon cmommélneaﬁmnwtq dividedhe respactize cectangles i thesgme directiuny. 1
7B can be va t”?fi vmtte ctural characteristics. ‘gﬁl fl ectrical paraneters
of the nﬁﬁﬁar‘@ F%ln‘f aingﬁgcéon TR F?{bsaé LE8%% or the thi ckness
of tunnel insylyhiglity oﬁ*%oﬁﬁ‘cﬂﬁﬁlblﬁ%i‘n&?%l% ehdehaRirf2SEMbating \bat divided fto first
advant ageous in the foll ow ng respects. First, respective threshold | evel

progr am"ran@secsn&mgmml & sordrbl gaﬂe@byplbdrta:m@ sm@ plmhwmfmgd links,tahe contr ol
te th f I ti-l S t
PP eshol BNRAIEGE ek EHEO IS st JasEist el (oL 0R 910He e Pl dusvapgine
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the contr te vol tage, I se g the s e respective
| evel th ﬂmtedloai asetombside of the rectangles opposite said first side and for verifying the amount

of charge carriers stored in said floating gafe during programming;

said programming field effect transistor including said first region of said floating
gate, a first drain, a common source coupled to one of said comr;lon source lines, and a first
channel region between said first drain and said common source;

said monitoring field effect transistor including the second region of said floating
gate, a second drain, said common source, and a second channel region between said second
drain and said common source;

said first drain coupled to one of said plurality of bit lines together with a second drain

- of a nonvolatile memory located in a rectangle adjacent said first drain; and
said second drain coupled to a first drain of the nonvolatile memory located ina

rectangle adjacent said second drain.

46. A nonvolatile memory device as claimed in claim 45, wherein, when said
nonvolatile memory device operates in a program mode due to hot carrier injection, 6 to 13V
is applied to a selected word line, 0V to an unselected word line, 5 to 9V to a selected bit line,

0V to an unselected bit line, OV to said common source lines, and OV to substrate.

47. A nonvolatile memory device as claimed in claim 45, wherein, when said

nonvolatile memory device operates in an erase mode, -7 to -12V is applied to a selected



25 Third, the state of erasure is controlled by the | owest :| :

programmi ng at an arbitrary control gate vol tage, thereby élﬂiﬂlﬁlmmuuml]““l :
over-erasure. Fourth, programm ng and readi ng are perforned 5y *
in the nonvolatile nenory cell itself, requiring no separate circuit for
verifying programmed contents and maki ng3& he speed of programm ng faster.
Fi fth, preopd bog, arselecigdibit linetis Aeated, Lho\8 pisiappli¢dtosaisuommmorSsourde lire, amh0V
vol t age bel ow,grr 12V.is required for operation. Seventh, only a snall.
current b& R substrgtens of mA is nerely required for verification.

Ei ghth, the nonvolatile nmenory cell is constructed as a sinpl e-stacked
gate, not a split-channel, nmaking it conpact. Ninth, the accuracy of

mul ti-level pragrama mshvoldiidé memoryt devicerdselainied ir ¢lbiat 45 rwitdreip) wherssaice d

t hreshol d voltaqes is precisely determned only by paraneters fixed at the
time of faewvolaiile emery denicoeprFaiesin 3 sagrmede,2 ROVETYpltags s iappliadi ta @ solsrtedges.

For this reaspn O i i L r ect . | e f. &he

nonvol at i I"Vé’ri@?r% r0 yﬁ? S f’ %Jtﬁ%e%tes%lfafg‘?l\%gq ﬁ%eﬁbgsgtor%tﬁ fgd"‘_ Biel%cgté)n gégér‘\:?etdﬁoét ]!t“%ﬁ’ ge
nunber of gyri9 S%ﬁr&i% aselyctbEbit lily, OV Blabphdl toselll dfithesovkrdeinB AR PV ii$ not
dependent on the trap of charges to the oxide |layer, channel nobility, bit

| i ne resi spplieddo saidgubsteateabl e or unpredictable electric el ements.



Tenth, the progranm ng nmethod of the nonvolatile nmenory of the present
invention'is voltage-controlled, perform ng easier and nore precise

mul ti-level programmng than the current-controlled nethod. Eleventh, the
nonvol atil e nmenory device of the present invention is a sinple-stacked
structure not an asymetric cell like ti3@ split-channel structure so that a
contactless virtual ground array ishstédctofBikclosta pl y reducing the size of
chip. Twelfth, the source and drain of the nonvolatile nmenory of the
present invention are used only in reading, applying a | ow voltage required

of e sour SORORATIEERHAHDRE AR SETROD DFERIGRIMMING e Sk 2

enbodi ment (s) of the invention has been presented for purposes of |
illustration and description. It is not intended to be exhaustive or to
limt the invention to the precise formdisclosed, and nodifications and

vari ations are, possi;bhe in i .0 e ,above teachings . or na acqui red
rom practi ce PORTRRHIE pidtyqrk 0 ithudel S RRENL b BTN B e Mol halig ¥
descri becﬁﬂsﬂclﬁfeﬁﬁ%qtﬁ Qomieiedit thd Woaling Eﬁle of proprathidthg W?‘&Wdﬂ[% EHafbe dafriers
practical application to enable one skilled in the art to utilize the
i nvent i ortoithe fleatinggstecthtomigh taefixst euntendpath oy extrasting chatgé cardicisstaredin thee
suited to,the particular.use contenplated. It .is intend that th cope of
The. | nveriqaie Batectd Bty oR eRigiRaLE & second clirent patk difered frotn the 175
current path, for verifying the charge amount of the floating gate through the second current

path during programming.

Figure 3A



appended hereto, and theif- equival ents. 27 What ig-clained is: 1. A
nonvol atil e nenory cell Jonprising: a floating gate; a progranmm ng region,
having a first current path connected to said floating gate, for '
programm ng by providing charge carriers to said floating gate through said
first current path or extracting charg?lparriers stored in said floating
gate; and a verification region, having a second current path different
fromsaid first current, for verifying a charge anmount of said floating

gate through said second current patg durj rogranm ng. 2. A

nonvol atile nmenory cell as clainmed i qratgz wherein said - progranmm ng
region includes a tunnelling diode, gﬂq i gJerification region includes a
field effect transistor. 3. A nonvolatile menory first cell as clained

inclaiml, wherein said programm ng region includes a field effect
transi stor and said verification region includes a second field effect

transistor. 4. A nonvol atile menory cell conpri sing:
1
!
2
5
3

——
program time




a floating gate; a programgate for providing charge~carr|ers to said
floating gate for the purpose of programmng; a control gate for
controlling the amount of charge carriers provided to said floating gate
for progranm ng; and a field effect transistor for verifying charge
carriers provided to said floating gate during programm ng, said field
effect transistor including said floating gate, a source, a drain, and a

channel region between said source 2nd said drain. 5. A nonvol atile
menory device as clained in claim4, further conpr|5|ng C L M28 a
first voltage source for supplying a oIt said control gate; a second

vol t age source for supplying a volta ﬁgrsgjﬁtprogranlgate; athird
vol t age source for supplying a voltagir drain; a fourth voltage
source for supplying to said source a voltage |lower than the voltage
supplied to said drain; and a current detector for detecting the current of

said drain during progranmm ng and suppl yi a programm ng stop signal to
one of said first and second voltage sourdes when th
A
programming ;

] erasure

FlG2
prior @

ergsure

14 13

18

\_______ programming

O

40
) |
16

—
o

i

|
|

| S

tro?sfer storage tr.
r.

]
I




detected drain current reaches a set threshold current so that at |east one

of said voltages therefréamis cut off. 6. A nonvolatile menory device as
claimed in claim5, wherein said voltage supplied fromsaid fourth vol tage
source to said source is a ground voltage. 7. A nonvol atile menory

device as clained in claim5, wherei¥¥aid vol tage supplied to said control
gate fromsaid first voltage source LF 3 ﬁSI ve val ue varying in
correspondence with a respective threshdl . | programm ng of a

mul ti-Ievel programmng, and said stpfl i ed to said program gate
fromsaid second vol tage source i§ progromatinGljue bel ow zero. 8. A

nonvol atil e nenory device as cl ai pred ;isgio.ﬂ ai m{4, fur}.h r conprising: a
first voltage source for supplyi ng—e—vreirtage—to sai g' |qlttrol gate; a second
vol tage source for supplying a v d—rog té ate; and a voltage
detector for nonitoring a voltag % Sai d drain| duri ng progranmm ng and
suppl ying a programm ng stop.sig lpgling, gake spid first and second voltage
sources when the detected drain. s sia reference voltage so that
at | east one of said voltages from séledfqu st and second vol t ages sources
is cut off. 9. A nonvol atile nmor FedieVi ce a$ clained in claims8,
wherei n said vol tage sﬁﬁ@pnﬂe i hte fromsaid first vol tage
source is a positive v%ﬁr@tvaryi ngtin correspondence with a respective
threshol d | evel prograrfkf an of a multi-Ievel progranm ng,
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29 and said voltage supplied to said programgate from said second voltage
source is a fixed value bel ow zero. 10. A nonvol atile nmenory device as
claimed in claim8, wherein said voltage detector conprises a reference
vol tage source for supplying said reference voltage, and a resistor
connected between said reference voltage source and said drain. 11. A
nonvol atil e nenory device as clai ned4/#7claim8, wherein said voltage
det ect or conpriFseI @rg)&rence vol t age sourpce—for—stpptyi ng said reference
di edaoe

vol tage, and a ect egrdgedraeer) sai ¢ reference v¢l tage source and
said drain. 12. In a nonvol at istast reToTryTEI | conpri si nchcrm-r ol gate, a

floating gate, rogr gate, and a transi threshol d vol t age
and i ncl udi ng §|$ fég%%ng gate, a source,] a drain, ang a channel region
bet ween said drain and said source, a gret hdd of programp ng the nonvol atile
menory cell conprising the steps cbmm‘i ng a first to said
control gate and a second vol tagg i rogram gate sQ that charge
carriers for pg g:r*acrzgi%are fed to said flloating gate from said program

gate and an i nyer $i er is formed in sdid channel re¢gion; and
nonitoring the conductivity of said inversi j ngVps¥logr ammi ng and
stopping the supply of at |east one of said first voltage to said control

gate and said condvpltage to said progras ate when the nonitored
conductivity r;:cie' | ue correspondi ng Q)rd vol tage of the
transi stor. 0 ™
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13." A nethod of progranmi.ng a nonvolatile nenmory as-clainmed in claim 12,
wherein said first voltage is a positive value varyi g i n correspondence
with a respective threshold | evel progranmng of a nmulti-Ievel programm ng,
and said second voltage is a fixed negative value. 14. A nonvol atile
menory devi ce conpri sing: C L M30 a first conductivity-type

sem conductor substrate having a chanrglizregion on its surface; a floating
gate forned on said channel region; two inpurity regions of a second
conductivity-type fornmed on either szfe of As@ d channel region within the
surface of said sem conductor substr eJ ASCE%troI gate forned above said
floating gate; a programgate fornmed adjacent to said floating gate for
supplying charge carriers to said floating gate during programm ng; and an
insulating |ayer forned between said programgate, said floating gate, and

said control gate, said insulating | sufficiently thin between
said floating gate and programgate \to JARDI e Jt unnel 1 ng t her ebet ween.

PROVIDING Ps

SET Vei FOR i™ LEVEL PROGRAM

APPLY V, AND Vei TO START THE
it LEVEL PROGRAMMING

TURN ON THE DETECTOR TO
READ THE CHARGE VARIATIONS IN F.G.

"STOP"SIGNAL IS GENERATED WHEN.
THE DRAIN VOLTAGE OR CURRENT

REACHES A PREDETERMINED VALUE

TURN-OFF THE V AND/OR V
TO TERMINATE THE PROGRAMMING

FOR i™ LEVEL OF F.G. CHARGES
USING THE STOP SIGNAL
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15." A nonvol atile menory.device as clainmed in claim14, further
conprising a field insuldting |ayer fornmed on a surface of said substrate
surroundi ng said channel region. 16. A nonvol atile nmenory device as
claimed in claim115, wherein a portion of said floating gate extends to a
surface of said field insulating |ayer.. 17. A nonvol atile menory device
as claimed in claim 14, wherein saidegtdgramgate is forned adjacent to
sides of said floating gate. 18. A nonvolatile nenory device as cl ai ned
in claim14, wherein said programgate is formed above said floating gate.
19. A nonvol atile nmenory device'as clainmed in claim 14, wherein said
program gate is forned adj acent tOJg 3Ot 0 ortion of said floating gate.
20. A nonvol atil e nenory device ds Ia&}é? in claim 14, further
conprising a gate insulating |ayer formed between said channel region and
said floating gate, and which is sufficiently thin to enable tunnelling

t her ebet ween. 31 21. A nonvol atil e nenory device conprising: a
plurality of word |ines spaced apaft by a predetermn di stance; a
plurality bit lines of a second coigductivity-type for%%d per pendi cul ar to

said word lines and spaced apart by a predeterm ned di¥tance to forma
plurality of rectangles;
——Cc¢
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( 11
i
S e e e e
®
Cs Co
Vs Vo

slope=1




a plurality of programlines disposed parallel to the respective bit |ines;
and a plurality of nonvolatile nenory cells, each disposed in a respective
rectangl e, said nonvolatile nmenory cells each conprising: a floating gate;
a programgate, coupled to one of said plurality of programlines, for
supplying charge carriers to said floating gate for the purpose of
programm ng; a control gate, coupled/td one-of said plurality of word
lines, for controlling the anmount of charge carriers supplied to said
floating gate for the purpose of programm ng; and a field effect transistor
for reading or verifying the anount ?? Fhé? [?arriers supplied to said
floating gate during programmng, sald field effect transistor conprising
said floating gate, a source, a drain, and a channel region between said
source and drain, said source being connected to one of said plurality of
bit lines together with a drain d&s a nonvolatile nenory cell located in a
réctangl e adj acent said source, ahd said drain_being connected to one of
said plurality of bit lines togetﬁér wth a source of al nonvolatile nenory

cell located in a rectangl e pdjacent sgdid drain. 22. nonvol atil e nenory
device as clained in clai82L wverein, 6 nonvol atile nenory device
operates in a programnode, t8 to -15V Il s applied to a gel ected program
line, OV to an unsel ect gd-progranrtipe-~3—+06--2V {t 0 g—seleet c§ rd line, O
to -10V to an unsel ected word Li.ng,9d. 5 B0 2Vito fa selegfed pit line, OV to
unsel ected bit |ines quated osla first sid bf a ected cpll, 0.5 to 2V
to nore than one bit lime |locatkd on_a_s diside of the selected qgl
opposite said first side} anJ-Og‘r6‘§aasfrate} )
: i t 1 Vpiitt) i Vst
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23." A nonvol atile nenory. device as clainmed in claim21, wherein when said
nonvol atil e menory devicé operates in an erase node through said bit |ines,
0to 12V is 32 applied to a selected programline, -7 to -12V to a
selected word line, O to 6V to a selected bit line, and O to 6V to said
Substrate. 24. A nonvol atile nmenory device as clained in claim 21,
wher ei n when said nonvol atile menory g¢eyyce operates in an erase node

t hrough said substrate, 0 to 12V is applied to a selected programline, and
-7 to -12V to a selected word line, a selected bit lineis floated, and O
to -6V is applied to said substrate.r25. onvol atil e nmenory device as
claimed in claim?21, wherein, when slaid n tile nmenory device operates
in aread node, OV is applied to a selected programline, OV to an

unsel ected programline, 1 to 6Vto a selected word line, OV to an

unsel ected word line, 0.5 to 2V to a gg¢lected bit line, 'O/ to unselected
bit lines located on a first side of & selected cell, 0.5 t0o 2V to nore
than one bit line locafed on a second|side of the selected ¢ell opposite

said first side, and to substrate. {26. A nonvol atile nory cel
conprising: a floating]|gate diviQed~Hn oEﬁLr$r\aﬁd second | ¢gions; a
progranming field effedt| traddistor iphpluding saijd first redion of said
floating gate, a : VAN \\ ' '
\ - 52
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first drain, a common souree, and having a first threshold voltage for
suppl yi ng charge carriers{to said floating gate for the purpose of
programm ng; a control gate for controlling the anobunt of charge carriers
supplied to said floating gate for programring; and a nonitoring field
effect transistor including said second region of said floating gate
excluding said first region, a second drain, and said conmopn source, and
havi ng a second threshol d voltage for %7 fying the anount of charge
carriers supplied.to said floating gate during programm ng. 27. A

nonvol atile nmenory cell as claimed in claim26, wherein said second
threshold voltage is greater than idfirst threshold voltage. 33 28.

A nonvol atil e nmenory- devi ce as cl apne (% m 26, further conprising: a
first voltage source for supplying a voltage to said control gate; a second
vol tage source for supplying a voltage to the first drain of said
programming field effect transistor fqQr progranmng; a third voltage source
for supplying to said comon source é\uﬂtage | ess than said voltage
.supplied to said firstfdrain, and a rTent detector—for—dqt ecting a
current flow ng through|the second drial né)f sard
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nDnltorlng field effect transistor during: progrann1ng—ﬂnd supplying a
progr.anm ng stop signal tb said first, second, and third vol t age sources
when the detected current reaches a set reference current so that said

vol tages supplied fromsaid first, second, and third voltage sources are
cut off. 29. A nonvol atile menory deV|ce as claimed in claim28, wherein
said common source is grounded with 19d41d substrate. 30. A nonvol atil e
menory device as claimed in claim28, wherein said voltage supplied to said
control gate fromsaid first voltage source is a positive value varying in
correspondence with a respective threshold | evel progranm ng of a

mul ti-level progranm ng, and said voltage supplied to said programm ng
field effect transistor fron1saidl3e30qs goﬂt ge source is a fixed positive
val ue. 31. A nonvol atile menory 'devic ainmed in claim?28, wherein
said vol tage supplied to said control gate fromsaid first voltage source
is a positive value varying in correspondence with a respective threshold

| evel programming of a multi-level p§pgramm ng, and said voltage supplied

to said programm ng f| nd vol tage source
is a fixed val ue that|irs—t+ess—thean G etat—to—zero—32 A nonvol atile
menory device as claipgd in claim28) fuCther conprising:j p first voltage
source for supplying hivol tage FB\SEid|CUht’6T‘@ate;
_ _ J \\:::
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34 a second vol tage source;Tor supplying a voltage to the first drain of
the programm ng field effect transistor for programm ng; a third voltage
source for supplying to said cormbn source a voltage | ower than said

vol tage supplied to said first drain; and a current detector for nonitoring
a voltage of the second drain during progranm ng and for supplying a
programm ng stop signal to said first and second vol tage sources when the
moni t ored vol tage of said second drai mivéaches a set reference voltage so
that said voltages fromsaid first and second vol tage sources are cut off.
33.© A nonvolatile nmenory device as claimed in claim32, wherein said

vol tage supplied to said control gate fromsaid first voltage source is a
positive value varying in correspon#ﬁpﬁe 'ﬂQZégrespectiVe t hreshol d | evel
programm ng of a multi-Ilevel progranm ng,>a id voltage supplied to the
first drain of said programmng field effect transistor fromsaid second
vol tage source is a fixed positive value. 34. A nonvol atil e nenory device
as clainmed in claim33, wherein said voltage supplied to said control gate
fromsaid first voltagef n
correspondence with a respective Thresnotrd—tever—programtng of a

mul ti-level programm ngi tand said _voltage SUDFLLEF to the flifrst drain of
said programming field gfffect trapsis orsﬁron sair g second L | t age source is
a fixed value that is le$s than of eqyal "to 2 : A ndnvol atil e
menory device as clainmed|{in cl S, WS ST N Ry ol t age tector .
conprises a reference vpltage s urc¢ NQr I ) {a set r#ference vol t age,
and a D D 52 :
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resistor connected between said reference voltage soufce and said second
drain of said nDnltorlngffleId effect transistor. 36. - In a nonvolatile
menory cell conprising a control gate; a floating gate divided into first
and second regions; a programmng field effect transistor including said
first region of said floating gate, a first drain, a comon source, and a
first channel region between said fltéﬁlhjraln and said conmobn source, and
having a first threshold voltage; a n|t rlng 35 field effect
transi stor including said second re zg floating gate, a second

- drain, said cormon source, and a second annel regi on between said second
drain and said commopn source, and having a second threshold voltage higher
than said firdgt threshold voltage, a nethod of programm ng the nonvol dtile
menory cell cgnprising the steps of: supplying a first voltage to said
control gate and a second vol t agebdo said fir&i drai n so &hat charge

carriers for programm ngar ed foggaid floafjB®® gate throb@h said filrst
channel region for prog i Lan i nver 'opJIayer i ¢ flpfmed igqy said.
second channel| region; ng the cdndlctivity of kaidsnversiion
| ayer during pyogramm f Ing the syppjy of |at ljeast one of sajd
first voltage fo sai and—sard4$sefond—vol-tdage| to said firpt
drai n when the| nonit Pe ittty hgs & vg#uechrresponding tol t he
t hreshol d vol tpge of field efffefttranst3To0f. '
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37." A nethod of progranm ng a nonvolatile nenory ce~l as clained in claim
36, wherein said step of {supplying charge carriers'tb said floating gate
fromsaid first channel region for progranmng is performed through one of
hot carrier injection and Fow er- Nordhei mtunnelling. 38. A met hod of
progranmm ng a nonvolatile nmenory as clained in claim36, wherein said first
voltage is a positive value varying in correspondence with a respective
threshol d | evel programm ng of a nulti-U3¢vel progranm ng, and said second
voltage is a fixed positive value. 39. A nmet hod of programm ng a

nonvol atile nmenory as clained in claim36, wherein said first voltage is a
positive value varying in correspondence with a respective threshold | evel
programm ng of a nmulti-Ilevel programm ng, and said second voltage is a
fixed value that is less than or equal to zero. 40. A nonvol atile menory
cell conprising: a first conductivity-type sem conductor substrate; 36 a
first inpurity region, a second inpurity region, and a third inpurity
region formed on the surface of said substrate and spaced apart by a

predet ermi ned di stance, each of said first inpurity region, said second
inmpurity region, and said third inpurity region being of a
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seeond conductivity-type;

_a first gate insulating |ayer forned over said

first and second inpurity regions on said substrate;’ a second gate
insulating | ayer forned over said second and third inpurity regions and
having a different thickness fromthat of said first gate insulating |ayer;

a first channel

defined as a region between said sec
surface of said substrate; a floatin

gate forned above said floating gate;

menory cel

region defined as a region between said first and second
inpurity regions on the surface of squ7substrate

obt &1 ¥

inmpurity regions on said first and second gate insulating |ayers;

a second channel region
impurity regions on the
over said first and third
a contro

and an insul ating |ayer forned
bet ween said floating gate and said contro

gate. 41.- A nonvolatile

as clained in claim40, whepgin said second gate insulating
| ayer is thicker than said first gate insulating |ayer.

42. "A nonvol atil e

menory cel
| ayer is suffliciently thin to enabl ef
erasure. 43. A nonvol atile ne

field insulating layer is further fo
sur roundi ng éald first and second gate
nonvol atil e nenory cel
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floating gate extends to the surface of said field insulating |ayer. 37
45, A nonvol atile nenorly device conprising: a pIurillty of word Ilnes
spaced apart by a predetermned distance; a plurality of second
conductivity-type bit lines disposed perpendicular to said word |ines and
spaced apart by a predeterm ned distance to forma plurality of rectangles;’
comon source lines forned to divide the respective rectangles in the same
direction as said bit lines into the first and second regions between said
bit lines; a plurality of nonvolatile nenb¥y7cells, each having a floating
gate divided into first and second regions, a control gate coupled to one
of said plurality of word |ines ra field effect transistor

| ocated on a first side of the rectgﬁgﬂ Jggﬁfh%r suppl ying charge carriers
to said floating gate for progranmng, and a nonitoring field effect
transistor located on a second side of the rectangles opposite said first
side and for verifying the anbunt of charge carriers stored in said
floating gate during programm ng; said programming field effect transistor
including said first region of said floating gate, a first drain, a conmon
source coupl ed{to one of sard common source [1nes, and a tirst chanpel
regi on bet ween |saire—++st—arat-r—ard—sat-a—cereh SCUTuch%a'd ”“"'toFing

field effect trjangi stor ipeludi,ng the sesqnd. reglon.e¥\§gid f1 oat]i np
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gat'e, a second drain, sakﬂ,connnn source, and a secopd channel region

bet ween said second drai® and said conmon sour ce, sald first drain coupl ed
to one of said plurality of bit lines together with a second drain of a
nonvol atile nmenory | ocated in a rectangle adjacent said first drain; and
-said second drain coupled to a first drain of the nonvolatile nmenory

| ocated in a rectangl e adjacent said second drain. 46. A nonvol atil e
menory device as claimed in claim45, wherein, when said nonvolatile nmenory
devi ce operates in a program node due tlé/hdt carrier injection, 6 to 13Vis
applied to a selected word line, O/ to an unselected word line, 5to 9V to
a selected bit line, O/ to an unselected bit line, O/ to said commbn source

lines, and OV to substrate. 47. A nonvol atile nmenory device as clainmed in
cl ai m 45, wherein, when said nonvolatile nenory device operates in an erase
node, -7 to -12V is applied to a sel ected 38 word line, a selected bit

line is floated, O to 8Vis appliedE{oLscif13p n source line, and OV is
applied to said substrate. 48. . A honvo l/é\menmory device as clained in

cl ai m 45, wherein, when said nonvolatile nenory device operates in a read
node, a power voltage is applied to a selected word line, OV is applied to
a unselected word line, 0.5 to 2V is applied to a selected bit |ine,
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OV is applied to a unsel ected bit line, OV is applied o0 said conmon source
line, and OV is applied td said substrate. (

17/17
F1GY/B
(Unit:Volts)
WLS) |wL(us] 8L SL | SUBSTRATE
SLn:0
BLn:5~9 . :
PROGRAM 16~13| 0 | BLwst :05~2| o TOAT 0
(HCI) OTHERSO SL n-1 .BLn—l
' ' OTHERS:0
PROGRAM BLn:0 Stn:0 '
(unneD) [ O omErs:s~10|OTHERS:S ~10] O
ERASE —]~-12 FLOAT Vee 0
| BL:0.5~ 2
READ Vcc 0 1 OTHERSO 0 O

S:SELECTED, US:UNSELECTED, BLn:SELETED r BL,
BLa-1:SELECTED (n—1)™ BL, SLn:SELECTED N* S,

SLa-vUNSELECTED (n—1)" SL, SLa :UNSELCTED (n+1)" SL
HCI:HOT CARRIER INJECTION Vcc:SUPPLY VOLTAGE




