TITLE 2-TRANSISTOR NONVOLATILE MEMORY CELL BACKGROUND
OF THE INVENTION Field of the Invention [0001] The invention relates to
nonvolatile memory cells and, in particular, to nonvolatile memory cells each
having two transistors. Description of the Related Art [0002] Fig. 1A shows a
layout of a conventional 2-transist0{§g@onvolatile memory cell. The 2T
nonvolatile memory cell 100 compri irst transistor 110 and a second
transistor 120. Fig. IB is a cross section of the first and second transistors in

the 2T nonvolaliRANSISTO RNONVQLIAT AL NMEBVORFIGBIA and 1B, the
first and second transistors respectively have a source 160 and a drain 150

separated apart by a channel 170 thereof. a floating gate 140 over the
channel 170 neaﬁyﬁtgﬁlg H&H%QH ) &Etﬂ?ﬁj %].Iél\&ver the floating
gate 140 and the channel 170 near the drain side. In Fig. IA, the sources
Hitfd foakdnaaaiesnl40, and control gates 130 of the first and second
gaaRrsorRte fRIReR AT by it dhe ARINg ASGOLNAMEL
and second transistors are isolated by an isolation’region 180 and”
%ﬁ%[b&ﬁ@h@%%‘@éﬁg é&bﬂ'ﬁﬁ@z‘iﬁ@hﬂ@ﬁ%‘%i&&}s‘?'r_cu't- The first and second
transistors are identical in respect with all physical aspects, such as channel
édt%bﬁr(}la}r})rtl ‘Iaelrg%gqé (ggtet QX|de thickness, implantation QOsage, etc. [0003]
i the- conventonal nonvoiatile 27T memory cell, one transistor performs
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EIRsganpprogram eycles, the fs"ec?}”ﬁ"”'ﬁ d Hapsieducs %ﬁgﬁs%ref}ld{%@
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nonvolatile memory cell in Fig. 1A. As shown in Figs. 1A and 1B, the first and second
transistors respectively have a source 160 and a drain 150 separated apart by a channel 170
thereof, a floating gate 140 over the channel 170 near the source side, and a control gate
130 over the floating gate 140 and the channel 170 near the drain side. In Fig. 1A, the
sources 160, floating gates 140, and control gates 130 of the first and second transistors are
respectively mutually connected. The drains 150 of the first and second transistors are
isolated by an isolation region 180 and electrically connected to different nodes in a circuit.
The first and second transistors are identical in respect with all physical aspects, such as
channel width, channel length, gate oxide thickness, implantation dosage, etc.

[0003] In the conventional nonvolatile 2T memory cell, one transistor performs mainly
memory programming and the other mainly memory read. Every time during memory
programming, traps are generated and accumulated on a program channel by source-side
hot electron injection. After erase-and-program cycles, the accumulated traps reduce

program efficiency such that the conventional nonvolatile 2T memory cell suffers from



weak program. BRIEF SUMMARY OF THE INVENTION [0004] An
embodiment of a 2-transistor (2T) memory cell comprises a first transistor
and a second transistor. The first and second transistors respectively have a
source and a drain separated apart by a channel thereof, a floating gate over
weakabraaral-near the source side, and a control gate over the floating gate
and the channel near the drain side. The sources, floating gates, and control

gates of the fir J ' ually connected.
In addition, dri%@%mméimm{ﬁgamia”y higher

than that of the first transistor. [0005] The invention provides .a memory cell

Hwo trahSTERSILTRERRG HtrERBR ARy R P i RS oPPRY S S ISR s tor

Sionger driving capabiiy, s malply for memory, programming such hat
endurance of the memory cellis improved. [0006] A detaifed description i
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drawings. BRIEF DESCRIPTION OF THE DRAWINGS The invention can be

derefully wadersioadby: readingitle subarauentdetailat descupioniand The
examples with references made to the accompanying drawings, wherein:

{00044 FiightihA shesyvsnd tbayadt gftascannentianab 2dsansisiasi(dry nonvgadileely
memory cell; [0008] Fig. 113 is a cross section of the first and second
iiramslbtaxsrdiee. 2Ih additiotatibevimerapalyiltelbintkkgeddnd 0OQS} eigs 2bbshonudly
a layout of a 2-transistor (2T) nonvolatile memory cell according to an
lighioo i éhitt of the fimsidraioltJ0010] Fig. 2B is a cross section of the first and

second transistors in the 2T nonvolatile 2
[0005] The invention provides a memory cell with two transistors having different

driving capabilities. The transistor with stronger driving capability is mainly for memory
programming such that endurance of the memory cell is improved.
[0006] A detailed description is given in the following embodiments with reference to

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the subsequent detailed

description and examples with references made to the accompanying drawings, wherein:

[0007] Fig. 1A shows a layout of a conventional 2-transistor (2T) nonvolatile memory
cell;
[0008] Fig. 1B is a cross section of the first and second transistors in the 2T nonvolatile

memory cell in Fig. 1A;
[0009] Fig. 2A shows a layout of a 2-transistor (2T) nonvolatile memory cell according
to an embodiment of the invention;

[0010] Fig. 2B is a cross section of the first and second transistors in the 2T nonvolatile



memory cell in Fig. 2A; [0011] Fig. 2C illustrates an electric schematic
showing the connection of two transistors in the 2-T nonvolatile memory cell
of Fig. 2A; [0012] Fig. 3 shows experimental results of endurance testing of
the 2T nonvolatile memory cell; [0013] Fig. 4-8 show layouts of 2-transistor
Emonvesiblatie-némory cells according to embodiments of the invention;
and [0014] Fig. 9 exemplifies a cross section of the first and second

R9Rkistord i tRE 2HUHBNCOIARI S RTEIROTPER I CORIIRE thh & HRDEHIRSh of two
DETAILED E%?lePTJON OF THE |EIV NTION [0015] The following
RSO 1€ of THE LS MEmpBated Phote warrying out the invention.

is descyiption is made for the purpose of illystrating the general,principles.
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M&:\fﬁ&fg&%ﬂs best determined by reference to the appended claims. [0016]
Fig. 2A shows a layout with a 2-transistor (2T) nonvolatile memory cell

[@0¢91dingre angmbedipant of thadpverHern T dlanenyelatie remes el

200 comprises a first transistor 210 and a second transistor 220. Fig. 2B is a
orassckekon of theinfieatianths@cond transistors in the 2T nonvolatile memory
cell in Fig. 2A. Fig. 2C illustrates an electric schematic showing the

[®6hle ctiohiof Yeacmraigisiorsipsthrec2ion nd thofatileandeenorny getisoitdigin2ihe 2T
As shown in Figs. 2A, 2B and 2C, the first and second transistors are alike,
EAYRIMAGI Mg RCEH (P XE0THd Bl ANSEBD; or 2502) separated apart by a
channel 270 thereof, a floating gate 240 over the channel 270 near the

source sid t ' the
channel 2%@%&%@%@%&@@%&9@ qﬂ%@%\g@ﬁ]ﬁ% he sources

floating gates 240, and control gates 230 of the first and second
T otora B By AR b R RN SEOS fs Fepne out te
transistor

HAORISE This description is made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The scope of the invention is best
determined by reference to the appended claims.

[0016] Fig. 2A shows a layout with a 2-transistor (2T) nonvolatile memory cell
according to an embodiment of the invention. The 2T nonvolatile memory cell 200
comprises a first transistor 210 and a second transistor 220. Fig. 2B is a cross section of the
first and second transistors in the 2T nonvolatile memory cell in Fig. 2A. Fig. 2C illustrates
an electric schematic showing the connection of two transistors in the 2-T nonvolatile
memory cell of Fig. 2A. As shown in Figs. 2A, 2B and 2C, the first and second transistors
are alike, each having a source 260 and a drain (250, or 250,) separated apart by a channel
270 thereof, a floating gate 240 over the channel 270 near the source side, and a control
gate 230 over the floating gate 240 and the channel 270 near the drain side. As shown in
Figs. 2A and 2C, the sources 260, floating gates 240, and control gates 230 of the first and

second transistors are respectively mutually connected. Drain 250, of the first transistor



3 and drain 2502 of the second transistor are isolated by an isolation region
280, which can be a local oxidation of silicon (LOCOS) structure, a shallow
trench isolation (STI) structure, or the like. Preferably, the isolation region is
a shallow trench isolation (STI) structure to provide a planarized surface that
Pegteithdd forrhHorcand (partstaiigeos dutrsy iayars datiorirgieh b varcjoamie
Unlike the first transistor 110 and the second transistor 120 in Fig. IA, which

higgal trddetmeErbRPRIVAGRSIRE S tranerioY S eochipirirs e Shgtructure, or
ransistor 220 in Fig. 2A have different channel widths, As shown.in Fig. 2A,
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drausistor 220 is more suitable for performing memory programming. Since
the first transistor 210 and the second transistor 220 respectively perform

[oEmory readianddisinaniskiegamnminedhe-ganaratadiiraps in He sacontch
transistor 220 have no impact on read current of the first transistor 210.

IRreferabiynchiamnel widihstef fhe fitsisand 3ecand tikansisiorsaare ke SIectively.
0.5 and 0.6 m for 0.25 m generation. For 0.18 m generation, channel widths
b they §idtfarvatsdeone tradibistohs alrevpreferab | A, 2R G:8mdandBi8<0.820, has a
respectively. [0018] To increase driving capability of the second transistor
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The preferable way for differentiating the driving capabilities of the
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memory fabrication. For example, effective channel width of the first ,
e SR e S R e A
oth the-float] t rol gat of the first.transistar
A B O et G S R ory
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current of the first transistor 210. Preferably, channel widths of the first and second
transistors are respectively 0.5 and 0.6 pm for 0.25 pm generation. For 0.18 pm generation,
channel widths of the first and second transistors are preferably 0.22~0.3um and 0.3~0.6pum,
respectively.

[0018] To increase driving capability of the second transistor 220 beyond that of the
first transistor 210, several methods can be used. The preferable way for differentiating the
driving capabilities of the transistors is through modification of photo mask(s) that is used
during memory fabrication. For example, effective channel width of the first transistor 210
can be smaller than the second transistor 220. Channel widths of both the floating gate 240
and the control gate 230 of the first transistor 210 can be narrower than those of the second
transistor 220, as shown in Fig. 2A. Channel width of the floating gate 240 of the first

transistor 210, Wy, can be narrower than that of the second transistor 220, Wy, while the



transistor 210, Wn, can be narrower than that of the second transistor 220,
Wn, while the 4 channel width under the control gate of the first transistor
210, W,1, remains the same with that of the second transistor 220, W,2, as
shown in Fig. 4, where Wf>Wfl and W,z=W,i. The channel width under the

dunnd| yiatb esiioheeoniiol gelasistbe Dus0 wrmiberdifoWer remmnthide ofmiewith
second transistor 220 while channel widths of the floating gates of the first
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transistor 210 and the second transistor 220 (L,1 and L,2) are the same, the
whawehignath-umder the floating gate of the second transistor 220, L2, is
shorter than of the first transistor 210, Lfl, causing the driving capacity of the
[®etond transiston@20bkaide b aimbnal widihe fixst tiamsiator 2dDnedFigngths can be
illustrates that while the effective channel widths of the first transistor 210 and
iivelifsat ondiffensistor B2 Qaratheysdntidiand the thanstetderdgthd ulderathe that
floating gates of the first transistor 210 and the second transistor 220 (Lfl and
Vil dhe ehfscsiimehatie chadihepfldisgliistaryitee hhinsl Batecemmdrapedpid220

transistor 220, L,2, is shorter than of the first transistor 210, L,1, causing the
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Fig. 7 illustrates that while the effective channel widths of the first transistor 210 and the
second transistor 220 are the same and the channel lengths under the floating gates of the
first transistor 210 and the second transistor 220 (L¢ and Lp) are the same, the channel
length under the control gate of the second transistor 220, L.,, is shorter than of the first
transistor 210, L, causing the driving capacity of the second transistor 220 larger than that
of the first transistor 210. Since the driving capacity for the floating gate per unit area is
generally weaker than that for the control gate per unit area, the second transistor 220 has a
larger driving capacity than the first transistor 210 does if L, > L. and Ly < Ly while (
L¢i+ Lg)=( Lo+ L), as shown in Fig. 8.

[0020] Even though each of Figs. 2A, and 4-8 illustrates either channel width
modification or channel length modification to the second transistor 220, a person skilled in

the art will appreciate that combining channel width modification with channel length



modification or channel length modification to the second transistor 220, a
person skilled in the art will appreciate that combining channel width
modification with channel length 5 modification can also change driving
ability of a transistor and can become another option to differentiate the
andifepiapabilities dfiee firstiahabségond: trangiies rng tandred 2panfoigs (Jption
The first transistor 210 and the second transistor 220 may have the same
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threshold voltage of the first transistor, 210. may be higher than the second
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as a higher driving capacity than the first transistor 210 does. Threshol

altage difterepce Ean s prade:hyrsifferentintindogate axideathickiess Mhy be
implantation dosage, for example. Fig. 9 illustrates, in the top, the cross

lsebtiomaf the festidansisian? 200anddiththe dettamihthéiraraassseationoofiiiiahe
first transistor 220. As shown in Fig. 9, the gate oxide thickness of the control
gatednitimsifitet 224histotiR] ehiscthicket thamthian.ofithecsendhicditsatmisiad 2290 a
such that, if other physical features remain the same, the threshold voltage
Heksedirsng aaistor trnohe ArghiernsTyieehBIdood|td e droddraHastdiftapnprcan
also influenced by impurity dosage concentration under a gate oxide. For
eIy S AR IERC OXifeHRI SO | CBREBREARSINRErES S alsadrie:
he control gate of the first transistor 210 is different fr that in the area 304
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transistor 220, the thresholds of the first transistor 210 and the secon
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has P type impurity dosage concentration more than area 304, the threshold
t‘ﬁ@l,tfiﬂ&lﬂﬂcrtﬂ%/fﬁ@ﬂ ARSI ¢ mAif iR NGRES the threshold voltage of the first transistor
210 is higher. Threshold voltage of a transistor can be also influenced by impurity dosage
concentration under a gate oxide. For example, as shown in Fig. 9, if the impurity
concentration in area 302 under the control gate of the first transistor 210 is different from
that in the area 304 under the control gate of the second transistor 220, and all other
physical features of the first transistor 210 are the same with those of the second transistor
220, the thresholds of the first transistor 210 and the second transistor 220 become different.
If they are N-type transistors and area 302 has P type impurity dosage concentration more
than area 304, the threshold voltage of the first transistor 210 is higher.

[0022] Differentiating the driving capacities of the first and second transistors by ways

of means other than mask modification requires at least one additional mask and additional

related processes, causing considerably-high cost.



[0022] Differentiating the driving capacities of the first and second transistors
by ways of means other than mask modification requires at least one
additional mask and additional related processes, causing considerably-high
cost. 6 [0023] Embodiments of the present invention disclose a 2T nonvolatile
[H2Hory cembadimens tlaisisuseshanhegtuiffeierowrivinl capuditides mgmory cell
plurality of the 2T nonvolatile memory cells according to the invention can
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memory array having one 2T ngnvolatile memory cell according to the
A o s A e R it R
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identical transistars, and another portiort of the memary array may have 2T
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capacities. Fig. 6 embodies this concept, and has, in the center,’a 2
nenyRlatie memary sely20Qyneivding thentbangistarsndhd @nd 22 Withing two
different driving capacities and, in the left, another 2T nonvolatile memory
idefitiog| udingstwvg igenticahtiapsistorss |24} higy hshpwsiexpes ZEnialvolatile
results of endurance testing of the 2T nonvolatile memory cell. 3 different 2T
memeolaklé rehoryinelizodrensomparet .ddivecis thieistarigacdiecorgendormalies
2T nonvolatile memory cell, having two identical transistors for reading and
hrograstRiingld e dtiviély cametheris agrarbitnmagansicédd2including the
nonvolatile memory cell in which the channel width for the transistor for

rogHeRintiHY 18078 WSS et oty s SrPAtHCth AR dor riBetsHsiSRorFr 2T
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standard 2T nonvolati emory cell. The endurance testsS are carried out

WithoRy BEAIrRMIRACHITRALARAM HenbS SEAVE R FitharbdPrOAERTYRINGndard,

current of the standard
conventional 2T nonvolatile memory cell, having two identical transistors for reading and

programming, respectively. Another is a programming-enhanced 2T nonvolatile memory
cell in which the channel width for the transistor for programming is 20% widened in
comparison with that for one transistor in the standard 2T nonvolatile memory cell. The
other is a reading-enhanced 2T nonvolatile memory cell in which the channel width of the
transistor for reading is widened 20% in comparison with that for one transistor in the
standard 2T nonvolatile memory cell. The endurance tests are carried out with a
programming current about 1pA. As shown in Fig. 3, programming current of the standard
(Std) 2T nonvolatile memory cell with identical transistors is about 10pA after 1000K
program and erase cycles, and the 2T nonvolatile memory cell with a widen read transistor
is slightly higher. However, program current of the 2T nonvolatile memory cell with a

widened program transistor (PGM+20%) according to an embodiment of the invention is



(Std) 2T nonvolatile memory cell with identical transistors is about 10A after
1000K program and erase cycles, and the 2T nonvolatile memory cell with a
widen read transistor is slightly higher. However, program current of the 2T
nonvolatile memory cell with a widened program transistor (PGM+20%)

lawies thivigl €0 e BrAD 6B ERROS HresiaveribTdse Gyideserthembedosodfiomiie. 3
after 1000K program and erase cycles. It can be found from Fig. 3 that

BRaaRrdReacst thetET TonoBrlE marBrycenvitifa wvivilsaed pergram transistor
istor (PGM+20%) according to an embodiment, of the invention js
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been described by way of example and in'terms of preferred embodimen
iseiRobepinderstand dhat dhe dnvantievisunohimigdthatetfprd@dhe contrary, it
is intended to cover various modifications and similar arrangements as

(66247l be sypkrent iovihoisa skileckin dbedbtdThereforel thenssepamofitherms of
appended claims should be accorded the broadest interpretation so as to
prtorpasdalsech imedifibatiods sand dinithe arvamgements. |Bnikdahéseto. To
claimedis: 1 1. A 2-transistor (2T) nonvolatile memory cell, comprising: 2 a
fieseorrsistdr aviapdadssu ey andvacl Faifedifratiesd g artblah EAEABICTS as
thereof, a floatingqrgﬁlzge over the channel near the source side, and a 4
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and similar arrangements.
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7 thereof, a floating gate over the channel near the source side, and a 8
control gate over the floating gate and the channel near the drain side; 9
wherein the sources, floating gates, and control gates of the first and second
10 transistors are respectively mutually connected and driving capability 11
of the first transistor is substantially lower than that of the second 12
travbistdv clhiznedhie: 2-transistor (2T) nonvolatile memory cell as claimed in
claim 1, 2 wherein the first transistor is mainly used for memory read and the

second tfansisian & sy oh MOV RIGY AN iy T ne 2-transistor

(2T) nonvolatile memory cell as claimed in ¢laim 1, 2 wherein channel of the
second tralisistomigsgublstamiiadlysoviderainbia thatnofdapredicdt aBatransistorardingl,

The 2-transistor, (1} nonyolatle, memary pell 25 claimed n diaim. L 2 o o
wherein the channe! uddef the o iné gate o%ufﬁe ifSt tralsistor is narrowet

than that 3 undenthe flaaine galelefithe secandtangsistel.nkd (Hd@ain side;
2-transistor (2T) nonvolatile memory cell as claimed in claim 1, 2 wherein
channel under tH¥ control gate of the first transistor is narrower than that 3

under the coRPkGAIR B LR CPRALANRIF L Al Lpd e LafANPPRLZTRe!

nonvolatile memory cell as claimed in claim 1, 2 wherein a gate oxide under
the control gatetlstent firSpatznssizstsrasshibkahnas] thear dheSoHEcesistsnand a

transistor. 1 7. IQ&@:%%%% ?[hﬁ?ﬁréa'?ﬁg‘%%l%‘%'ﬁd%%réh%%&‘?ﬁ'e%stﬁé%iﬁﬁ%dsi' :

claim 1, 2 wherein threshold voltage ofthe first transistor is higher than that

of the seebadiBthkansistex, floating gates, and control gates of the first and second
transistors are respectively mutually connected and driving capability

of the first transistor is substantially lower than that of the second

transistor.

2. The 2-transistor (2T) nonvolatile memory cell as claimed in claim 1,
wherein the first transistor is mainly used for memory read and the second transistor

mainly for memory programming.

3. The 2-transistor (2T) nonvolatile memory cell as claimed in claim 1,
wherein channel of the second transistor is substantially wider than that of the first

transistor.

4. The 2-transistor (2T) nonvolatile memory cell as claimed in claim 1,
wherein the channel under the floating gate of the first transistor is narrower than that

under the floating gate of the second transistor.

5. The 2-transistor (2T) nonvolatile memory cell as claimed in claim 1,
wherein channel under the control gate of the first transistor is narrower than that

under the control gate of the second transistor.



1 8. The 2-transistor (2T) nonvolatile memory cell as claimed in claim 1, 2
wherein channel widths of the first and second transistors are respectively
0.5and 0.6 3 NM-19. The 2-transistor (2T) nonvolatile memory cell as
claimed in claim 1, 2 wherein channel widths of the first and second
transistors respectively ranges from 3 0.22 to 0.3 m and 0.3 to 0.6 m. 4 10.
The 2-transidtor2(&a) snonvaldiileoneohoily cednasyclasthed inlgdlagh Iy daim 1,
wherein the channel under the floatin te of the first transistor is longer
AT D TRHCCLRG M RIS B TGO (A R OB Rl

meesyoaeirastkaimed in claim 1, 8 wherein the channel under the control
gate of the first transistor is longer than that of 9 the second transistor. 1 12.

A memory ﬁ.%ray com risin%??pluralitly f2-transistor1](2aT) (Ho.nvolatile 2

memory Cell€C at TE4EI e 6t thBPY RSN SIStS Mo et Eompriding: & a

firstisansi giekhayinglagovrce amidsa giainse pansiedapant biadthaanetodd
thereof, a floating gate over the channel near the source side, and a 5
cdftfél§ite over the floating gate and the channel near the drain side; 6 and
10 7 a second transistor having a source and a drain separated apart by a

channel 88 therenfi.asivatingryaienoveitilbenghiasetsieas tbrisedrie siden and
a 9 control gate over the floating gate and the channel near the drain side;

10MRAEIR AP ERRCL S THBA Y Htesc U d BBHHOIGateS B tHE R <t 2! 0-6
segand 11 transistors are respectively mutually connected and driving
capability 12 of the first transistor is substantially lower than that of the
second 13 transistor.. _ _ , ,

9. The 2-transistor (2T) nonvolatile memory cell as claimed in claim 1,

wherein channel widths of the first and second transistors respectively ranges from

0.22 t0 0.3 pm and 0.3 to 0.6 pm.

10. The 2-transistor (2T) nonvolatile memory cell as claimed in claim 1,
wherein the channel under the floating gate of the first transistor is longer than that of

the second transistor.

11. The 2-transistor (2T) nonvolatile memory cell as claimed in claim 1,
wherein the channel under the control gate of the first transistor is longer than that of

the second transistor.

12. A memory array comprising a plurality of 2-transistor (2T) nonvolatile
memory cells, at least one of the 2T nonvolatile memory cells comprising:

a first transistor having a source and a drain separated apart by a channel

thereof, a floating gate over the channel near the source side, and a

control gate over the floating gate and the channel near the drain side;

and

10
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1 13. The memory array as claimed in claim 10, wherein at least another of
the 2 2T nonvolatile memory cells comprises two identical transistors. 3 14.
The memory array as claimed in claim 10, wherein the first transistor is 4
mainly used for memory read and the second transistor mainly for memory 5

programmiBebnll Lansifiermamery ssiaeanElaimad iBpalatea hfavbereihannel
channel of the first 2 transistor is substantially narrower than that of the
second transistBreoL6? TRatie AP T d)as ararhaerntidaim o sihetath?

the channel undgpihe. g dlaating. 9rigiRf R et HAPRIRIR IR A3HONEN hAD

that of the second transistor. 1 17. The memory array as claimed in claim 10,
wherein wwehatheelaunger floeti2zconmtsokgdieonfohgdiestotr amsisterasd second
narower than that of the second ransisiar. 4,18 The Memenyafray 8z,
claimed in claim ?LIH, wherfein apga e oXide under the Cé contro gaItlé otihe first
transistor is thickemthéinsthainefsthe isecoaddtrangistorerliit. thhe shemarcond
array as claimed in claim 10, wherein threshold voltage of the 2 first
transistor is higH&"Y\Sh that of the second transistor. 1 20. The memory as
claimed in claim 10, wherein channel widths of the first 2 and second
transistorS.réspectively sanges ftamed. 22cleifd. 30nvard:i Atk Bianothibddf the

2T nonvolatile memory cells comprises two identical transistors.

14. The memory array as claimed in claim 10, wherein the first transistor is
mainly used for memory read and the second transistor mainly for memory

programming.

15. The memory array as claimed in claim 10, wherein channel of the first

transistor is substantially narrower than that of the second transistor.

16. The memory array as claimed in claim 10, wherein the channel under the

floating gate of the first transistor is narrower than that of the second transistor.

17. The memory array as claimed in claim 10, wherein the channel under the

control gate of the first transistor is narrower than that of the second transistor.

18. The memory array as claimed in claim 10, wherein a gate oxide under the

control gate of the first transistor is thicker than that of the second transistor.

19. The memory array as claimed in claim 10, wherein threshold voltage of the

first transistor is higher than that of the second transistor.

20. The memory as claimed in claim 10, wherein channel widths of the first

and second transistors respectively ranges from 0.22 to 0.3 um and 0.3 to 0.6 pm.
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