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and system data such as a basic input/out put system (BI 0S) are typically
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Flash memory devices have developed into a popular source of non-volatile
memory for a wide range of electronic applications. Flash memory devices typically use a
one-transistor memory cell that allows for high memory densities, high reliability, and low
power consumption. Common uses for flash memory include personal computers, personal
digital assistants (PDAs), digital cameras, and cellular telephones. Program code and system
data such as a basic input/output system (BIOS) are typically stored in flash memory devices

for use in personal computer systems.

One type of flash memory is a nitride read only memory (NROM). NROM has
( some of the characteristics of flash memory but does not require the special fabrication
‘. processes of flash memory. NROM integrated circuits can be implemented using a standard
CMOS process.

Figure 1 illustrates a cross-sectional view of a typical prior art NROM memory cell
with a channel length, L, that is greater than 100 nm. This cell is comprised of a control gate
100 formed on top of an oxide-nitride-oxide (ONO) layer. This layer is comprised of an oxide
layer 101 on top of a nitride 103 layer upon which the charge is stored for the various states
of the cell. In one embodiment, the cell has trapping areas 105 and 106 for storing two bits of
data on the nitride layer 103. The nitride layer 103 is deposited on another oxide layer 104

that is on the substrate.



data on the nitride |layer 103. The nitride |ayer 103 is deposited on another
oxide layer 104 that is on the substrate. WO 2005/ 048268 PCT/ US2004/ 036674
2 Two sour cavapemsmeseesgi ons 109 and 111 are at either endeafuszoegete 100.
The source/drain regions 109 and 111 are connected by a channel area 110
between the two source/drain regions 10 and 111. The function of each
source/drain region 109 or 111 (i.e., whether source or drain) depends upon
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overlap may cause data wite and read errors. For the reasons stated above,
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skilled i nlbge art upon readi ng and understandi ng the present specification,
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The present invention enconpasses a nitride read only nenor flash
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25 A gate insulator layer is coupled to a portion of the oxide layer. The
gate insulator  porihe reasons stated above, and for other reasons stated below which will become

apparent to those skilled in the art upon reading and understanding the present specification,
15  there is a need in the art for a smaller multiple-bit NROM device without trapping area

overlap.

SUMMARY
The above-mentioned problems with trapping site overlap and other problems are
20  addressed by the present invention and will be understood by reading and studying the

following specification.

The present invention encompasses a nitride read only memory (NROM) flash
memory transistor. The transistor is comprised of a substrate with first and second

source/drain regions. An oxide layer is deposited on the substrate.

25 A gate insulator layer is coupled to a portion of the oxide layer. The gate insulator
layer is comprised of separate first and second sections. The two sections are structurally
separated by a middle section of a polysilicon gate structure. Each section is capable of

storing a separate charge.

The middle section of the gate structure is separated from outer sections of the gate
30  structure by the gate insulator layer. The top of the gate structure, as well as the portion of the

gate insulator deposited on the top of the gate structure, is planarized and a metal contact



“layer is conprised of separate first and second sections. The two sections
are structurally separated by a mddle section of a polysilicon gate
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30 structure by the gate insulator |ayen. The top of the gate structure, as

well as the portion of the gate insulator deposited on the top of the gate
structure, is planarized and metal contact WO 2005 (())?82 8 .
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typical prior art N channel greater than 100 nm gure 2
shows a crsepe.sectional view of a typical prior art NROMcell with a 10
channel |less than 100 nm Figure 3 shows a cross-sectional view of one
enbodi fent of an NROM cell of the present invention. Figure 4 shows a
resulting charge separation and distribution diagram of the present
invention in accordance BRIEF DESCRIPTHONONT THE PRAWKNGS 15 Figure 5 shows a

cross-sectional view. of a detail of the charge stora reqgions.in
accordance with lﬁﬁéreérfg‘b‘m?r‘érﬂis'%iﬁt‘% VF¥ ?t&fcﬁﬁi’r@régmcgﬁ&‘%sas-secti onal
view of ongafiH efthidEhhn 900 @nstep in fabrication of the NROMcell of the
present invention. Figure 7 shows a cross-sectional view of one enbodi nent

of a subsequent gF&R 2qfoweeHBALGE viEARE b GRtdaPHi®frt NROMIES §ith o NVent i on.

{ 10 channel less than 100 nm.

Figure 3 shows a cross-sectional view of one embodiment of an NROM cell of the

present invention.

Figure 4 shows a resulting charge separation and distribution diagram of the present

invention in accordance with the embodiment of Figure 3.

15 Figure 5 shows a cross-sectional view of a detail of the charge storage regions in

accordance with the embodiment of Figure 3.

Figure 6 shows a cross-sectional view of one embodiment of a step in fabrication of

the NROM cell of the present invention.

Figure 7 shows a cross-sectional view of one embodiment of a subsequent step of

( 20  NROM cell fabrication of the present invention.

Figure 8 shows a cross-sectional view of one embodiment of a subsequent step of

NROM cell fabrication of the present invention.

Figure 9 shows a cross-sectional view of one embodiment of a subsequent step of

NROM cell fabrication of the present invention.

25 Figure 10 shows a cross-sectional view of one embodiment of a subsequent step of

NROM cell fabrication of the present invention.

Figure 11 shows a cross-sectional view of one embodiment for programming the

NROM cell of the present invention using substrate enhanced hot electron injection.

Figure 12 shows a block diagram of an electronic system of the present invention.



- Figure 8 shows a cross-sectional view of one enbodi mrent of a subsequent step
of NROMcell fabrication of the present invention. Figure 9 shows a
cross-sect i W04 of one enbodi ment of a subsequent SEEHSHP4/0IPM cel |
fabrication of the present invention. 2§ Figure 10 shows a cross-sectional
vi ew of one enbodi nent of a subsequent step of NROMcell fabrication of the
present invention. Figure 11 shows a cross-sectional view of one enbodi nent
for programm ng the NROMcell of the present invention using substrate
enhanced hot electron injectio FLgur bl ock di agram of an
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greater detail with reference to Figure 5. In this enbodinent, a 15 nitride
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structure 315 such that the insulator separates the m ddle section
15 nitride layer is not placed under the center of the transistor channel as in the prior art.

2.

| The cell has a polysilicon gate structure 313 — 315 that is comprised of a middle
section 315 and two outer sections 313 and 314. A gate insulator is formed on the sides of the
middle section of the gate structure 315 such that the insulator separates the middle section
315 from the two gate outer sections 313 and 314. A control gate metal contact 312 is formed
20  over all three sections of the gate structure 313 — 315.

The middle gate section 315 has only an oxide insulator 320 and does not trap
injected electrons in the NROM device structure. In one embodiment, the gate insulator is a
composite insulator that is comprised of an oxide-nitride-oxide (ONO) configuration where
the charge trapping is accomplished in the nitride layer 305 and 306. In one embodiment, the
25  top oxide layer 301 and 302 is part of the oxide fill 303 and 304 respectively.

Alternate embodiments use other gate insulators besides the ONO structure shown.
These structures include oxide-nitride-aluminum oxide composite layers, oxide- aluminum
oxide-oxide composite layers, oxide, silicon oxycarbide-oxide composite layers as well as

other composite layers.

30 In still other alternate embodiments, the gate insulator could include thicker than

normal silicon oxides formed by wet oxidation and not annealed, silicon rich oxides with



~ 315 fromthe two gate outer sections 313 and 314. A control gate netal
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Figure 4 illustrates one embodiment of a charge separation and distribution diagram
in relation to the Figure 3 embodiment of the NROM cell of the present invention. This
diagram indicates the charge storage density in the vertical direction and the distance along
the cell in the horizontal direction. The length of the channel between the source/drain areas

20  of Figure 3 is illustrated as L.

The two charges 401 and 402 stored in the NROM cell are indicated on the charge
separation and distribution diagram as coinciding with the charge storage areas 301 and 302
of Figure 3. The diagram also illustrates that there is no charge present 405 in the middle of
the cell.

25 Figure 5 illustrates a more detailed cross-sectional view of the charge storage area
302 of the embodiment of Figure 3. This view clearly shows the oxide 304-nitride 306-oxide
320 composite insulator as shown on the left side of the NROM cell of Figure 3. The charge
storage area 302 as well as one source/drain region 311 and part of the polysilicon gate

structure 313 are also shown.

30 The above-described embodiments show one section of each side of the gate

insulator layer substantially horizontal and a second section of each side substantially vertical



"~ source 311 and the right .side is the drain 310 and the data bit charge is
stored on the nitride 15 layer 306 at the source end 311 in bit area 302.
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diagram in relation to the Figure 3 enbodi nent of the NROM cell of the
present invention. This diagramindicates the charge storage density in the
vertical direction and the distance along the cell in the horizontal
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on 1 he. subst r at e D0 T1pia=s ftredt il prly 10U 1 R, B olein ke B O

The pol ysi ElectesilegThiestacmed is dda coddbed with the composite insulators 701 and 703 such as

15 nitride or other insulator as described previously.

Figure 8 illustrates a cross-sectional view of the NROM cell with a deposited
polysilicon layer 801 on top of the composite insulators of Figure 7. This second polysilicon
layer 801 is then directionally etched to leave only the sidewalls 901 and 902 as illustrated in .
Figure 9. This provides a structure with a composite gate insulator 905 under the polysilicon
20  gate and along the sidewalls 901 and 902. A single gate oxide 910 is under the central
polysilicon gate region 903.

Figure 10 illustrates the NROM cell with a deposited oxide filler 1001 and 1002.
The top of the structure is planarized by chemical mechanical polishing (CMP). This removes
the insulators from the top 1005 of the central polysilicon gate. A patterned metal contact that
25  selectively adheres to the polysilicon is deposited on top of the gate structures 1006 — 1008.
The electrical gate 4pr0vidcs contact to all three gate regions 1006 — 1008.

In one embodiment, the NROM flash memory cell of the present invention operates
by conventional tunnel injection with positive gate voltages with respect to the substrate/p-
well. In another embodiment, channel hot electron injection (HEI) can be used for

30  programming. Such an embodiment uses conventional positive gate voltages with respect to

the substrate/p-well. Tunneling can be used for erase operations.



is al so defined using conventional techniques that are well known in the
art. 10 The gate oxide 601 is then renpoved in areas 602 and 603 outside the

pol ysi | i CoORyo a@bMesadsea by an etch process to define thedabsgsisobsson gat e
structure 610. The oxide can then be regrown to a new desired thickness.
Figure 7 illustrates the regrown oxi de Areas 720 and 721 outside the
polysilicon gate electrode. This structure is then covered wth the
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in Figur enc&.ofﬂkucftxamfeomadﬂﬁsﬁxfaieroﬂﬂieun&egibﬁdj a conposite gate insulator 905
under the polysilicon 20 gate and along the sidewalls 901 and 902. A single

gate oxide 910 iFypuwhHeiluithees ag BinbédimeMAbYSrobrad@iingdhé NROM Flash AékdoryFi gure 10
illustrates the NROM cell with a degom ted oxi de f| | er 1001 and 1002. The
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the substrate/ p- well. In another enbodi nent, channel  hot el ectrqgn injection
(‘HEI) canNeRetYs SHpsirase b@?)‘sﬁﬁ‘ g\jr‘%ﬂﬁﬁ" gV tgpth %ﬁ'@%&%ﬁ“%%"%@ Ent i onal
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be used for erase operations. WO 2005/048268 PCT/US2004/036674 7 Using HEl,
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dral Eta nd 1 ga BN a5y o?lih%edch%[ge ts)torabre region 1105 nearest the drain region 1101. The second
charge storage region 1106 is programmed by performing the same biasing of the

source/drain regions 1101 and 1102 in the reverse direction.

For an erase operation, substrate enhanced band-to-band tunneling induced hot hole
injection (SEBBHH) can be used. SEBBHH and SEHE are both well known in the art and are
20  not discussed further.

Figure 12 illustrates a functional block diagram of a memory device 1200 that can
incorporate the NAND flash memory cells of the present invention. The memory device 1200
is coupled to a processor 1210. The processor 1210 may be a microprocessor or some other
type of controlling circuitry. The memory device 1200 and the processor 1210 form part of an
25  electronic system 1220. The memory device 1200 has been simplified to focus on features of

the memory that are helpful in understanding the present invention.

The memory device includes an array of NROM flash memory cells 1230. In one
embodiment, the memory cells are NROM flash memory cells and the memory array 1230 is
arranged in banks of rows and columns. The control gates of each row of memory cells is

30  coupled with a wordline while the drain and source connections of the memory cells are



> ends of the channel near -the surface of the n+ regions. 5 Figure | |

illustrates an enbodi nent for programm ng the NROM fl ash nenor cell. In
thi s enbodi WO005/04828%gat i ve substrate bias, VsuB, is apBFT’é‘ézOP‘II""’PWé p-type
substrate 1100. This bias increases theg surface lateral field near a
source/drain region 1101 or 1102 (depending on which direction the cell is
operated), thus increasing the nunber of hot electrons. Such a substrate

~ enhanced heouplddgobitiimes( Srismjelliknpen in theam rthoelinneation @b ik dellsgo theditlings a | ower

~drain vol tgge during. . orogr.anmn RREY 2L nt, the
negative sg%’s?fl?% Y |t§e§%?°sa%ILIIISt%% ran%%hl%aﬁwrt oI g@‘%ﬂ%% é‘I’nrs\ate enbodi nment s

h I . hS..wel | in.the. lyi dr ai
Vol tage Lo a f18n nurarar arentzia ko s Wy Goniin rrfgton,” "

sour ce/ dr ahdurés GhpabconhOions 861851242 Nddrésks eiphile areiréjepel iitdecoded bykTowhe gat e
I nsul at or of the char(ge storage region 1105 nearest the drain region 1101.

The sedonddecodsr Pa4 andiz sejump desodst 1240t aceesp thsgremprs anay 1258+ % ¥ilkbig t he sane

bi asi ng of Jbd¥ei SOMEF @O Rilkd iP@E A Swith'dld b&REAL S plebent ARcriftioR! B& Al r ecti on.
For an erase operation, substrate enhanced band-to-band tunneling i nduced

hot hole nwhbetof addr¢:SEBBHEMectioniispemsison USERBHEY anddrcbieqeira oEthe semoRe | |
known i n_tfig. B iy,at B G p20p 00k i acUSSEd, LULLRLY i QU AndBod Lbiyst rates a

functi onal *block di agram’or a menory devi can incorporate the
NAND f | ashcommdnd isveddssd ink ahdblpekaand. | nventi on. The nenory device 1200 is

coupled to a processor 1210. The processor 1210 may be a m croprocessor or

sone ofcher typeTad meMbiy delvick MR00GeAdS dhfialiy the Tendip 6R4Y 1230 bly 6éhsibgQOltaded t he
processor 1210 form part of an 25 el ectronic system 1220. The nenory device

1200 has beEHIEDShRRgES dRjthe semopy aray oluams ypiag sepse/buliics clrgtitsy 120nkke a5 e
hel pful in :ng : I: ' | ' udes
p ?éﬁ%%/% %ﬂﬂjl%ﬁ b é?ﬁt%ﬁ{%ﬁs&tl, é%%o%ﬁ{eﬂ ®read Q.gd n%igglg ?T%IN Hedt£ Rorh e

an array o I'ash nory cel . I'n one nt, the nenory
cel I s are hiR@bIY dreayH 236 atainpet|and outpat buffer ¢iemiiryy1 240 isdpcladeddor ty-direetramalged i n

bank f d I T I f f [1s i
DA ! ot AP e TGO P o DR o '
menor yixel Waitaciecus P3G54 prdBidedroRkziké iz Qe Baforylarray.

Control circuitry 1270 decodes signals provided on control connections 1272 from
the processor 1210. These signals are used to control the operations on the memory array
1230, including data read, data write, and erase operations. The control circuitry 1270 may be

a state machine, a sequencer, or some other type of controller.

20 Since the NROM memory cells of the present invention use a CMOS compatible
process, the memory device 1200 of Figure 12 may be an embedded device with a CMOS

processor.

The flash memory device illustrated in Figure 12 has been simplified to facilitate a
basic understanding of the features of the memory. A more detailed understanding of internal

25  circuitry and functions of flash memories are known to those skilled in the art.

CONCLUSION
In summary, the NROM flash memory transistor of the present invention provides a
self-aligned, structural charge separation that allows smaller cells to be manufactured without
bit area overlap. This cell provides a low initial threshold voltage, fast operation, and low
30  power consumption in addition to the high memory density. The NROM cell can be used in

NOR-type memory arrays, NAND-type memory arrays, or other memory array architectures.



8 coupled to bitlines. As is well known in the art, the connection of the
cells to the bitlines depends on whether the array is a NAND architecture
or a NOR anghhbRplgzée. An address buffer circuit 1240 igcpueddnek740 | atch
address signals provided on address input connections AC Ax 1242. Address
signals are received and decoded by a r8w 5 decoder 1244 and a col um
decoder 1246 to access the nenory array 1230. It will be appreciated by
those skilled in rt, W . nefii r ; i:pLon, that
the nunber of aﬁ@%@ggs nlgﬁte&@ 8‘?\"2%'5{3?’8‘2@6 e%ieufsl‘Tr sgdo%dt%%%%eetﬂ%?ﬁé’ 'gﬁgp

ar chi t ect usecappfeciated byetnge yf ordinadr\skillin Ghe aftthat ang arrdngementnlize is caicuhtdresses
increases with hoth increased nenory cell cougis aqrg&l i ncreased bank and

bl ock courdcieva Fe-pprae RERRE Ay b sphst of. the, SRecyjiciembogiments showg rray 1230
by sensi NGaddplatiGERf tHelinvedfisowill BeRPPAES th thobd 6t FEARY ¥kiAhd MY aft OALHTREinglp NY
sense/buffer circuitry 1250. The sense/buffer circuitry, in one enbodi ment,
i s coupl edthis@ppkicationisdntprged ko coverARY afiantations or wapations of theamyention: Itdy 1230. Data

i nput and . -G Ui 4.5 Yaiegl i-diraectional data
conmuni cat@%ﬁgﬁ\)&gﬁéﬁﬁtﬁ%ﬁgw yg%‘?é’“g?é? %n{ggr?lr]llgc%ly [ onsllg‘g@%%ﬁ"{éﬁ@he controller
1210). 15 apbivalenssitheseaft ry 1255 is provided to wite data to the nmenory
array. Control circuitry 1270 decodes signals provided on control
connections 1272 from the processor 1210. These signals are used to control
the operations on the nmenory array 1230, including data read, data wite,
and erase operations. The control circuitry 1270 may be a state machine, a
sequencer, or sone other type of controller. 20 Since the NROM nenory cells
of the present invention use a CMOS conpatible process, the menory device
1200 of Fi gure 12 may be an enbedded device with a CMOS processor. The
flash nenory device illustrated in Figure 12 has been sinplified to
facilitate a basic understanding of the features of the nenory. A nore
detail ed understanding of internal 25 circuitry and functions of flash
menories are known to those skilled in the art. CONCLUSION In summary, the
NROM fl ash nenory transistor of the present invention provides a



self-aligned, structural charge separation that allows snmaller cells to be
manuf actured without bit area overlap. This cell provides a lowinitial

t hreshol d voltage, fast operation, and | ow 30 power consunption in addition
to the high nmenory density. The NROM cell can be used in NOR-type nenory
arrays, NAND-type nmenory arrays, or otfer menory array architectures. WO
20051048268 PCT/ US20041036674 9 Al t hough specific enbodi nents have been
illustrated and described herein, it will be appreciated by those of
ordinary skill in the art that any @ Apigenent that is calculated to

achi eve the sane purpose may be subsStituted for the specific enbodi nents
shown. Many adaptations of the invention will be apparent to those of

ordinary skill,.i ant . Accardi.ngl 5.this application is intended to
cover - any” adatuNRENE 1B e a8 formis R Vet L on_ 1t CT's i festly

i nt ended t hat atshbsrateos@iprising flrst ant Bédoad squnte/drain regiend;ol | owi ng cl ai s and
equi valents thereof. 10 CLAIMS 1. An NROM fl ash nmenory transistor
conprising: a3@eBkedaerorBespbsdialey first and second source/drain regions;

an oxi de |ayer, %ﬁk h@?lﬁ%ygé{eé @%}%ge(ftogﬁk&ti:oﬂ%lfltﬁet 8kidé ?a?i@lr, tﬁé)g?l: Gfkuldford PO tion

of the oxide layer, ul ato ayer conpr ng afirst section and
a separ atlayes eciopdsisg e ffirgirsectfvaranidra separatt ise®ind sectionovheran thedfinst sedtivisst ore a

first charge and the second section is adapted . t tore a secqnd charge;
and s gaciie] Bererpe RavimaEs g e FrORLtrigr ediated boHEe S SSpPadmattoct: on
coupl ed tggdqthe oxide layer and first and second outer sections each coupled

to the gate insulator layer such that the gate insulator |ayer separates
the middl e se@tdatsrstfueln edneprisingst pluratitysefsesipns.cumisidiesssetionoepyipled to thee

transist Oorxid%:f laiérain?]ﬁlrg%%rs%lg&df Quqergs%st?onis %%&H 93u%ﬁed| Ve giat% 18%&' l%?g of a
conmposite oxXide-nitride-oxide |ayer.
such that the gate insulator layer separates the middle section from the first and second

outer sections.

2. The transistor of claim 1 wherein the gate insulator layer is comprised of a

composite oxide-nitride-oxide layer.

3. The transistor of claim 1 wherein the gate insulator layer is a composite layer
comprised of one of an oxide-nitride-aluminum oxide composite layer, an oxide-
aluminum oxide-oxide composite layer, or an oxide-silicon oxycarbide-oxide composite

layer.

4, The transistor of claim 1 wherein the gate insulator layer is a non-composite layer
comprised of one of silicon oxides formed by wet oxidation and not annealed, silicon-rich
oxides with inclusions of nanoparticles of silicon, silicon oxynitride layers, silicon-rich
aluminum oxide insulators, silicon oxycarbide insulators, or silicon oxide insulators with

inclusions of nanoparticles of silicon carbide.

5. The transistor of claim 1 wherein the gate insulator is comprised of non-
stoichiometric single layers of two or more of silicon, nitrogen, aluminum, titanium,

tantalum, hafnium, lanthanum, or zirconium.



3. The transistor of claiml wherein the gate insulator |ayer is a conposite
| ayer conprised of one of an oxide-nitride-al um num oxi de conposite | ayer,
an oxi de- al um num oxi de- oxi de conposite |ayer, or an oxide-silicon

oxycar bi de- oxi de conposite layer. 4. The transistor of claiml wherein the
gate insulator layer is a non-conposite |ayer conprised of one of silicon
oxi des fornmed by wet oxidation and not annealed, silicon-rich oxides with

i ncl usi ons of nanoparticles of silicon, silicon oxynitride |ayers,

silicon-rg ch TakwZhastor Oxéigien | RAYIAIRF Sompriding AN oYY GANRY A Rotiplédtcadtor s, or
silicon oxide insulators with inclusions of nanoparticles of silicon

car bi de. lenst apertion afibe Sirs and secondizate inswater s¢cHionandghe Brst pre fegensioutes

conpri sedse&fonggpt-hﬁ]%ggisﬁmtggetri c single layers of two or nore of silicon,

ni trogen, alum nu SR &l um tantalum hafnium |anthanum or zirconium
11 6. The transistor of claiml and further conprising an oxide fill |ayer
coupled to at __least, a partion of the first and second gate insul ator
sections ‘and tlRe tranpistor 9f ¢laimchapd Sirthsr mci‘éjd‘!g grigetg)s cqnfact ﬁ%‘f@e(gfor g‘@t ure. 7.
The tran?ltﬁﬁl‘&&o@%ecﬁbﬁs’; Mthe gﬁgs&,’h&l}rger including a netal contact coupled to
the plurality of sections of the gate structure. 8. The transistor of claim
1 wherein the substrate is a p+ material and the first and second

source/drai n regions are.n+ material., 9..An NROM fl ash. ransi st or
conpri si r%: a@gﬁ?f‘?%t%o%gwn?sqﬁée' thesSubsirage ?e%%%&lazedﬁpgg%ﬁrﬁt ¥€gi ons

| ocat ed Isgédntabirye/atagtregionabred+ahaergl area is fornmed between them the
substrate is coupled to a negative bias that enhances hot el ectron
injection; an oxide |ayer on the substrate above the first and second

sour ce/ drgai n rq}gﬁgam AN, miheShanaek cdtifiRin gate insul ator |ayer
conprising a fATrs section and a separat'e se€cond section, a substantially
hori zont al poratsubstracd contpeisinigrfirst addesad sgoutcadrin ep®ns tuepled datérall g ayehr at e

ar eas

that a channel area is formed between them, the substrate is coupled to a negative bias
that enhances hot electron injection;

an oxide layer on the substrate above the first and second source/drain regions and
the channel area;

a gate insulator layer comprising a first section and a separate second section, a
substantially horizontal portion of the first and second sections coupled to separate areas
of the oxide layer; and

a gate structure comprising a middle section and first and second outer sections,
the middle section coupled to the oxide layer and separating the first and second gate
insulator sections, the first and second outer sections each separated from the middle

section by portions of the gate insulator.

10.  The transistor of claim 9 wherein the gate structure is comprised of a polysilicon

material.

11.  The transistor of claim 9 and further including an oxide material coupled to the
first and second outer sections of the gate structure and portions of the gate insulator

layer not within the gate structure.



of the oxide layer; and a gate structure conprising a mddle section and
first and second outer sections, the mddle section coupled to the oxide

| ayer and separating the first and second gate insulator sections, the
first and second outer sections each separated fromthe mddle section by
portions of the gate insulator. 10. The transistor of claim9 wherein the
gate structure is conprised of a polysilicon material. 11. The transistor
of claim9 and further including an oxide material coupled to the first and

second ouber $GOURONE NS :hé]ﬁoxﬁ%ta‘ﬂsi%félﬁﬁﬁfsﬁag@”d portions of the gate
insulator layer not within the gate structure. 12 12. An NROM fl ash nmenory

transi st or comrpubsiategcomprisingdirsteand secomg sowiceidrain regions fngatsd daserdllg sughce/ dr ai n
regions lpcated | ateral SUC that a channel area is forned between them
o3 oo R e

an oxi de Y% the first and second source/drain

regions and thexidbadyeebn tie@abst@teCBBROME fiest @Ad Secbid sduddeMrainay@bnscaddpr i si ng a
first section and a separate second section, a substantially horizontal
portion dhe @Benelaeat i on coupled to separate areas of the oxide |ayer and a

substant{ |y alh 6 RO AR WyeP B A A SHARATHES JehfiRe eI do

| ayer, the conposrte gate I nsul at’or aving a nitri ayer for storing
a char ge sectiongasibstahtialhyehdrizostal portiors efCeanhl setiot icoupded @ sppdrytsiakdas ofithgat e

structure %gggrisigg niddbe secHion.anq.first.and sq&on%@ou&Fr . Sections,
the m ddi%¥9sdexer Rd &spitaniatly verisal Poripn ofgaeh seerign exignding &gm g exide fir st
and secqfflr oMt RbmpEsite! QRS ildilatoh Gay2t RaviAR bl drid¥ 1XRF tthCabriMOh Ichags off the
gate insulator layer; and a gate netal contact coupled to the outer and

m ddl e seeeh ofithe Bfst anfbsegendesestignsct ure  and each of the substantially

vertical port é.% sifcoh h&‘ta Qt?ﬁé??nje Qﬁ}ﬁ})ﬁ%ﬁ%a n%g?’dle I&%oﬁtﬁ BB h seg{ndcclu |;m 12 and
further includifng an oXi dée Materra eposited on e conposite gate
i nsul at orseaivds,the niddle sekidatdoopisd of tHehwidgalpger ntd Weparsted from the first and
second outer sections by the substantially vertical portions of the gate insulator layer; and
a gate metal contact coupled to the outer and middle sections of the gate structure

and each of the substantially vertical portions of the gate insulator.

13.  The transistor of claim 12 and further including an oxide material deposited on

the composite gate insulator and the outer sections of the gate structure.

14.  The transistor of claim 12 wherein the transistor is operated with either the first
source/drain region or the second source/drain region serving as the source region in

response to a direction of operation of the transistor.

15. A method for fabricating an NROM flash memory cell, the method comprising:

doping a substrate to form first and second source/drain regions positioned
laterally on the substrate and separated by a channel area;

depositing an oxide layer over the substrate including the first and second
source/drain regions and the channel area;

forming a polysilicon middle gate region on the oxide layer above the channel
area,

depositing a gate insulator layer over the oxide layer;



14. The transistor of claim 12 wherein the transistor is operated with
either the first source/drain region or the second source/drain region
serving as the source region in response to a direction of operation of the
transistor. 15. A nmethod for fabricating an NROM flash nenory cell, the

met hod conprising: doping a substratggsto formfirst and second source/drain
regions positioned laterally on the substrate and separated by a channel
area; depositing an oxide |ayer over the substrate including the first and

second sour cgighsAing arp%stﬁﬁén%@r see teharnflulAéEayerf Or M ng a pol ysilicon
m ddl e gate region on the oxi dé | ayer above the channel area; depositing a

gate insul at optChmgéhe oobysilicore lft)’ﬂl siech| thgtetwo ager Mo@lqnsmge éefpfrloylsihh con
| ayer ove

two out elpE)lga'th(gOIg13L fr e %r?nt"?é? &5 Emctﬁc\gitﬁ]g ntnlaﬁllep ey rse oS0 ¢ %‘yo%¥erSUCh t hat

€ redrons are POl ySi PaYer thus tormng a

gat e str gafeuegond separatedifidel the grddie b;agiecgtateaﬂdﬂettMaym; er gate regions
separated fromthe m ddle b%/ the gate insulator |ayer; planarizing,a top of
the gate strullapezings tppafhe g%"e“&}&f"ée F%ﬁhaéﬁhﬁgqtea%lﬂlaﬁog13&’%&116\9%%#r om t he

top of ”ﬁ%ngfl%?opséfftl{& éﬁé?truc"f’tﬂg J?rm ng a contact over the gate structure

that is coupled'to ea region of the gate structure and renmaining end
portions of tlﬁurngwgecmmmulomrdhe gayeftruqtlirmhairiseconplted@deach redion of th& gatad f urt her

i ncl udi ng, et ching the .oxid rior.t depositing the gate insulator,
such tha trl‘%‘érec?ﬂgﬁer% m'a%s%“eg?f??{%%t %gag‘? ‘t“ﬁ'gf‘togfggr of the middle gate region
is substantially exposed. 17. The nethod of claim215 wherein planarizing
conpri ses usi ng chem cal nmechanical polishing. 18. An NROM flash nmenory

9

array cortfri siThe meshqst efr elpim ¢S5 @nd Nrther fincludingretebing theoxisledpyeanefédt tPn rows
and col U%EOSltﬁl%Cttﬂe Cg%te insTI21TP" §u%h NHat the channel area silicon on either side of the

middle gate region is substantially exposed.

17.  The method of claim 15 wherein planarizing comprises using chemical

mechanical polishing.

18.  An NROM flash memory array comprising:
a plurality of NROM flash memory cells arranged in rows and columns, each cell
comprising:

a substrate comprising first and second source/drain regions;

an oxide layer on the substrate;

a gate insulator layer coupled to a portion of the oxide layer, the gate
insulator layer comprising a first section and a separate second section wherein
the first section is adapted to store a first charge and the second section is adapted
to store a second charge; and

a gate structure comprising a plurality of sections, a middle section
coupled to the oxide layer and first and second outer sections each coupled to the
gate insulator layer such that the gate insulator layer separates the middle section
from the first and second outer sections;

a plurality of wordlines, each wordline coupling the gate structures of the rows of

cells; and



a substrate conprising first and second source/drain regions; an oxide

| ayer on the substrate; a gate insulator |ayer coupled to a portion of the
oxi de layer, the gate insulator |layer conprising a first section and a
separate second section wherein the first section is adapted to store a
first charge and the second section ibt adapted to store a second charge;
and a gate structure conprising a plurality of sections, a mddle section
coupled to the oxide |layer and first and second outer sections each coupl ed

to the gate h?_ﬁiﬂélﬁ& 8f bik AM& thiteolplk BRtcoludhs@RtR deNgul at or | ayer separates
the mddle section "fromthe first and second outer sections; a plurality of

wor dl i nes, each wordline coupling the gate structures of the rows of cells;

and 14 pl u i it ldn upl e C ls. 19.
The nomong”ar 1 sty afel at' i, L Anefed e datfing S MRRNrh 2o y
cel | s ar geliydrangarged ih aNNANDIhshaaémommBdhyteatuehi t ecture. 20. The nmenory array

of claim 18 wherein the plurality of NROM flash nenory cells are arranged
in a NOR flash nmenory architecture. 21. An electronic systemconprising: a

processongt hatryg eRsid %%ragQﬂtcrléﬂn P8 AMdleth R pllfiSYSNROMaTEh dRentRM T 1 ash

menory array coupled to the processor that operates in response t0 the
control stlipamé arranghd irna NOR fashyménsirpgrehdeqiirar al i ty of NROM fl ash nmenory
cells arranged in rows and colums, each cell conprising: a substrate
conprising first and second source/drain regions; an oxide |ayer on the

substrate]. a gatetectrofidlsdéteh cbapasingoupl ed to a portion of the oxide |ayer,
the gate insulator |ayer conprising a first section and a separate second
secti on wher eprocessor that generates control signals for the system; and
an NROM flash memory array coupled to the processor that operates in response
to the control signals, the array comprising:
a plurality of NROM flash memory cells arranged in rows and columns,
each cell comprising:
a substrate comprising first and second source/drain regions;
an oxide layer on the substrate;
a gate insulator layer coupled to a portion of the oxide layer, the gate
insulator layer comprising a first section and a separate second section wherein
the first section is adapted to store a first charge and the second section is adapted
to store a second charge; and
a gate structure comprising a plurality of sections, a middle section
coupled to the oxide layer and first and second outer sections each coupled to the
gate insulator layer such that the gate insulator layer separates the middle section
from the first and second outer sections;
a plurality of wordlines, each wordline coupling the gate structures of the rows of
cells; and

a plurality of bit lines that couple the columns of the cells.

22. A method for programming an NROM flash memory cell having a substrate, two
structurally separated charge trapping areas, and two source/drain regions, the method

comprising:



the first section is adapted to store a first charge and the second section
is adapted to store a second charge; and a gate structure conprising a
plurality of sections, a mddle section coupled to the oxide |ayer and
first and second outer sections each coupled to the gate insulator |ayer
such that the gate insulator |ayer separates the mddle section fromthe
first and second outer sections; a plurality of wordlines, each wordline
coupling the gate structures of the rows of <cells; and a plurality of bit
lines that coupk®glthetwPdoufedraih rédiehsGRIrésponsddo tife dHaEdRafhphRIg aBdaQ8H8NMI Ng an
NROM f | ash nennré cell having a substrate, two structurally separated

char ge t P&gHMHCHr eas, and two source/drain regions, the method conprising:

15 biasing t r i i i p e to the charge trapping

area to be p? d?@ﬁ%ggg‘gﬁé f?%}%?%iﬁ%ﬁ%@??&%g’%gﬁa gate of the nenory

cell; and apphyplppga megatdnte wdtagotd thgsubstratehd thaiimsmost eellosuch lileat reasingy cel |

such t hat biask%g .the.sourge/d{ain regi ons and.a$plgin% %ﬂe at e and

negat i ve R BRrseldrain, weions qad (pplyfg th gnd. pegative substratesyplegrSatosthenhanced

hot el eCtyfdfbry REBCEdaRY sub¥itd SfhaB@H ok BRErGH RfjectiOn iiRbABE B4k nstlb@srdg onto a

first of the Structurally separated charge trapping areas in the gate

i nsul at orprog?@n aTHergeetiiod st of the mrgqumﬂﬁrsmanatccﬁehargfr tyepping awes imathey

separateg%&q%&%glxrapping area i s progranmed when the source/drain region
€

near est I'rst charge trapping area is biased with a | arger voltage than
t he remai ni ng source/drain region.

23.  The method of claim 22 wherein the first structurally separated charge trapping
area is programmed when the source/drain region nearest the first charge trapping area is

biased with a larger voltage than the remaining source/drain region.



