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SILICON TECHNI CAL FI ELD OF THE | NVENTI ON The present invention rel ates
generally to nmenory devices and in particular the 5 present invention

rel ates to nWPRIEE5¥ad only nenory flash nenory devi ce$CT/UBREGKBROGUND OF THE °
| NVENTI ON The i ncreased speed and capability of conputers and ot her

el ectronic devices requires better performance fromthe integrated circuits
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i nsul ator such as silicon oxide or glass. The transistors would then be

built on this thin layer of SO. The SO |ayer reduces the capacitance of

the transistors so that t'h%y operate faster. F&g;tire 1 illustrates a typical
prior art SO seniconduct &A OUNIhOF i INVENJHG®Y 20 in the silicon
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15 Y performance increase over equivalent CMOS technologies. SOI refers to placing a thin layer

of silicon on top of an insulator such as silicon oxide or glass. The transistors would then be
built on this thin layer of SOL The SOI layer reduces the capacitance of the transistors so that

they operate faster.

Figure 1 illustrates a typical prior art SOI semiconductor. The transistor is formed
20 inthe silicon layer 101 that is over the insulator 102. The insulator is formed on top. of the
substrate 103. Within the silicon Iayer 101, the drain/source regions 105 and 106 are formed.
- :) The gate 107 is formed above the partially depleted channel 109. A .ﬂoating body 110 is
within the depleted region 112 and results from the partial depletion.

SOI technology, however, imposes significant technical challenges. The silicon
25  film used for SOI transistors must be perfect crystalline silicon. The insulator layer, however,
‘is not crystalline. It is very difficult to make perfect crystalline silicon-on-oxide or silicon
with other insulators since the insulator layer’s crystalline properties are so different from the
pure silicon. If perfect crystalline silicon is not obtained, defects will find their way onto the

SOI film. This degrades the fransistor performance.

30 -Additionally, floating body effects in partially depleted CMOS devices using SOI

technology are undesirable in many logic and memory applications. The floating bodies




SO film This degrades the transistor performance. 30 Additionally, :
floating body effects in partially depleted CMOS devi.ces using SO '

t echnol ogy are undesirable in many |ogic and nenory applications. The
floating bods200¥85%895/ 050740 PCT/ US2004/ 038261 2 caustEWRrUWAAEEY vol t ages
and switching speeds to be variable and gonpl ex functions of the swtching
history of a particular logic gate. In dynamc |ogic and DRAM nenories, the
floating bodi es cause excess, charge | eakage and short retention %ines t hat

- can cause Y cshald Voﬁtﬁ‘ﬁeéé‘?ﬂf%‘ﬁtch@ﬁémeﬂf@ V%@‘é@@ﬁ@"ﬁﬁﬁmﬂa@_ es, the
floating bogt@msGRteS of §PuERaaLIER FateOlnl dyRindlS 1RRCANAISINRN BdnRtei8s, kleMes. For

the reasons stated above, and for dther reasons stated bel ow which wl|
becorme appépaing bpdesieryseeisris|chage leakageand shortugiention diaatis gt eangausp deip &sandi ng
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t echnolSogyfieldfarduvMaR¥rasd timesmabove- ment i oned problens with elimnating
floati ng body effects and other problens are addressed by the present

i nvention and wi | Forlthe vasers staeddibbye, ambidi oteracedonsstansbelogy whieh w8l | owi ng
specificatjon. 15 Th esent.. i.nvention enc asse n transi stor

havi ng an CP’PQ-E‘?Weﬂ%t {hPf'e led in %%I%P%W%M@%%PEG?B has two
doped sour grtidit@ion, the@iion Seclan HeakiGor H¥apio clMidAE Hoatihalbddy Rfs Ri@doRody
region. The doped regions are a _different conductivity than the substrate.
An oxi de I%YQEEF%OWES%W@% of the source/drain regions. A gate
insulator 20 is fornmed over the body region and oxide | ayer. The gate
insul af%r is capable of storing a plurality of charges. A control gate i

formed on the gate insulator. Furthegggeogyments of the invention includ

met hods and apparatus of varying scope.
The above-mentioned problems with eliminating floating body effects and other

problems are ad dressed by the present invention and will be understood by reading and

studying the following' specification.

15 The present invention encompasses an NROM transistor having an ultra-thin
7 ‘silicon-on-insulator substrate. The silicon has two doped source/drain regions separated by a
normally fully depleted body region. The doped regions are a different conductivity than the
substrate. ‘

“An oxide layer is formed above each of the source/drain regions. A gate insulator
20  is formed over the body region and oxide layer. The gate insulator is capable of storing a

plusality of char ges. A control gate is formed on the gate insulator.

Furthier embodiments of the invention include methods and apparatus of varying

scope.

25 BRIEI' DESCRIPTION OF THE DRAWINGS

Figure 1 shows a cross-sectional view of a typical prior art SOI semiconductor.

Figure 2 shows a cross-sectional view of one embodiment for a planar NOR
NROM cell ysing ultra-thin SOL

Figure 3 shows a cross-sectional view of one embodiment of two vertical NOR

30 NROM cells of the present invention using ulfra-thin SOL
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25 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a cross-sectional view
., of 'a typical prior art SO sem conductor. Figure 2 shows a cross-sectional

vi ew of one enbodi ment for a planar NOR NROM cel [ using ultra-thin SOL
Fi gure 3 shows:@msesvmes- secti onal view of one enmbodi nent pof/usanevessest i cal NOR
30 NROM cel I s of the present invention E’Si ng ultra-thin SOL WD 2005/ 050740
PCT/ US2004/ 038261 3. Figure 4 shows a cross-sectional view of another
enbodi ment of two vertical NOR NROMcells of the present invention using
ultra-thin SOL Fi Bige 4sheWwousroaniscetiant vice af aether eabalitentiof two vert@dl a NOR NROM .

flash ne f e present invention. 5 Figure 6 shows a
cross-segﬁ%‘ﬁﬁé%ﬁﬁ%?g‘g%PgéﬁzwgqmﬁlufﬁgH‘gﬁa@m@r@(}di ment of a vertical NOR
NROM nenory array_of th resent .invention usin -t hi OL Figure 7
shows an el ectri CE‘S“%&?&}‘E? @%‘?Ie‘gp?agﬁﬂ“'%qm Q’Wgﬂlgé# %&HWEHFW array of
t he preserﬁfay@y%tﬂ[@a,tii@eﬁﬁ@grdance wi th the enbodi nent of Figure 6. Figure
8 shows a cross-sectional view of one enbodi nent of a planar NAND 10 NROM

cel | of the preseRpul®s8bkt 8Brodsidagordl Viewof MitAnSfdr-altbintie eRbRIHEHR W2 a
cross-sectional view of one enbodi nent of two vertical NAND NROM cells of

t he pr eserertiGalNRR NMROMspemoRy amay of the presgo inverfipnasing ulitidhis SO, el ectri cal
equi val ent circuit of a NAND NROM fl ash nenory arrz%% of the present =
i nvention in accoP@usdehais ap elpirieal padyaanh eirgt of p NOERNBOM Bashmgiosy | 1 shows

a bl ock di f . ' ToP ' - f the present
I nventi Onﬂ%%%@ﬁé&%&g@éﬁ%% %@%ﬁ _ﬁ%@#@hﬁ%\%{bﬁ%ﬁ%ﬁ%ﬁ% gescri ption of 'the
I nvention, refer i _ . ' | form apart

hereof and in V\h?@ |§%]§1 Qwﬁ%,cltogiléeag?/n%g}ug?%?ustra{c’?g[rl#&g%g@%%{:lﬁ IC _ ‘
e@odllhentl‘ﬂiﬁ)mQvﬂilcrfﬂletm@:enmmomusmmgltrb&imﬁatt iced. In the draw ngs, |ike

Figure 9 shows a cross-sectional view of one embodiment of two vertical NAND
- NROM cells of the present invention using ultra-thin SOL

Figure 10 ‘shows an electrical equivalent circuit of a NAND NROM flash memory

array of the present invention in accordance with the embodiment of Figure 9.

15 . Figure 11 shows a block diagram of one embodiment of an electronic system of

the present invention.

- DETAILED DESCRIPTION
In the following detailed deseription of the invention, reference is made to the

20 accompanying drawings that form a part hereof and in which is shown, by Wéy of illustration,
' ) specific embodiments in which the invention may be practiced. In the drawings, like

numerals describe substantially similar components throughout the several views. These

embodiments are described in sufficient detail to enable those ski]led in the art to practice the

invention. Other embodiments may be utilized and structural, logical, and electrical changes

25  may be made without departing from the scopé of the present invention. The following
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the

present invention is defined only by the appended claims and equivalents thereof.

Figure 2 illustrates a cross-sectional view of one embodiment of a planar NROM
cell i1sing ultra-thin silicon-on-insulator (SOI) technology. The NROM flash memory cell of
30  Figure 2 is a NOR array cell with virtual ground bit lines.



nunmeral s descri be substantially simlar conponents throughout the several .
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15 NO compos1te structure shown. These structures may include oxide-nitride-aluminum

oxide composite layers, oxide- aluminum oxide-oxide composite layers, oxide, silicon

oxycarbide-oxide composite layers as well as ofher composite layers.

In sl other alternate embodiments, the gate insulator may include thicker than
normal silicon oxides formed by wet oxidation and not annealed, silicon rich oxides with
20 inclusions of nanoparticles of silicon, silicon oxynitride layer that are not composite layers,
silicon rich ahaminum oxide insulators that are not composite layers, silicon oxycarbide -
insulators that are not composite layers, silicon oxide insulatt_;rs with inclusions of
‘nanoparticles of silicon carbide, in addition to other non-stoichiometric single layers of gate
insulators of two or more commonly used insulator materials such as 8i, N, Al, Ti, Ta, Hf, Zr,
25  andLa. |

Figure 3 fllustrates a cross-sectional view of one embodiment of two vertical NOR
NROM cells 350 and 351 of the present invention using ultra-thin SOL The vertical

embodiment provides for higher density memory arrays.

The cells 350 and 351 of Figure 3 each have source/drain areas 330 and 331 that
30 operate as bit lines and are comprised of n+ doped silicon. Alternate embodiments use p-type

material if the substrate is comprised of n-type material. Additional source/drain areas 320



In still other alternate enbodinments, the gate insulator may include thicker
than normal silicon oxides forned by wet oxidation and not anneal ed,
silicon rich-oxides with 20 inclusions of nanoparticles of silicon, silicon
oxynitride I'WPEPISHOHIH are not conposite layers, siliconPETERZEHEhum oxi de
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depl eted. The diThegaieansubtortipicr &Pk isomsfentthdingint, iscoeniposite QG sori@O0 and 301

i1s illustr Iﬁg,' . e . ra-+thi AN egi.onlis_.
bart of -t e Ryl R 1agd ot Gbsell b & Bl b 330 B 20 1 |
the ri ght abowribis tsaltatos feyer H¥eand &4 @mme todiothr transiyters 3304dnd 331 societhantxoti ment ,

'S a goMPash %v%r ne i?ltarnllje%o% a%ray. In one embodiment, the control gate 330 is a polysilicon.

material.

Figure 4 illustrates a cross-sectional view of another embodiment of two vertical
NOR NROM cells of the present invention using ultra-thin SOL This embodiment has an
architecture that is substantiaily similar to the embodiment of Figure 3 in that the ultra-thin
20  silicon body regions 400 and 401 are formed by epitaxial regrowth along the sidewalls of the
oxide pillar 41 0. The top source/drain areas 420 and 421 are formed at the top of the oxide |
j} pillar 410 and the common poly control gate 405 is formed over the gate insulator 420
coupling both transistors 450 and 451 by a word line.

However, in the embodiment of Figure 4, the bottom oxide layer 402 and 404 of
25  the gate insulator 420 is thicker in the trench than in the previons embodiment. Additionally,
the two source/drain areas of Figure 3 are replaced by a single n+ source/drain region 430

that is isolated between the portions of the thicker oxide layer. \

Figure 5 illustrates an electrical equivalent circuit of a NOR NROM flash memory
array of the present invention. This circuit can represent the planar embodiments of the

30  present invention as well as the vertical embodiment of Figure 3.



Al ternate enbodi ments of this |ayer 307 are disclosed above. The control:
gate 330 is formed above this insulator |ayer 307 and is common to both
transi stors 0 1 such that it acts 15 as a word | ﬂﬁ nory
array. In onéei%engﬂg?%gnt the control gate 330 is a pol yIl g&@ﬁﬂ"sg@t erial.
Figure 4 illustrates a cross-sectional w ew of another enbodi nrent of two
vertical NOR NROM cells of the present I nvention usi ng ultra-thin SO. This
enbodi nent has an__archi ect e that st ang.i.al simlar_to the ‘
enbodi nent of Fi gJP%C%nt"]Lg ICFPFéeﬁ.ﬁl ‘ﬁ f‘“‘% &%WEB‘H%T %4t ons 400
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~line. However, in the enbodinment of Frgure 4, the bottom oxide layer 402 and
404 of 5 255¥0heSKate insul ator 420 is thicker in the trench than in the
previ-ous enbodi ment. Additionally, the two source/drain areas of Figure 3
are repl aced by aFg‘ﬂwg-‘l Bugirates quereseseptignd viewif gt apgther aligaate smbpdigiept @

bet ween t he, {P,hd% | | es an
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devi cas SMbstarﬁﬂaZlyudbnﬁMnﬁsmamreﬂﬂ@pa-auo:source/dral n regi ons 503 and 504 are .

used as virtual ground data or bit lines. As is well known in the art, th
bit lines of the Aﬁﬁrﬁpteﬁblﬁahﬂid)ﬁir@ihtitheawﬁﬁllllﬁ&nﬁ@mlcbliB@ly:ég‘iorﬁrﬁd&ﬁnd&wr ead " .
data fromth cel s 510, - 512. The control te 50 word |ine used to .

frea g Skl ecesods s 645 :

sel ect theé'® B%‘W%WO"@@WP% JEEEMBnal vi ew of

yet anot hepsidibielhapat 60100 BRI Thradd fonghias éﬂtﬁ@éﬂl&m JH8 BOY aadn9ay of the
present invention using ultra-thin SOL This figure | ustrates four

vertical t¥hiemdiRalysilicopgate strgptyes §3hand 63 hpg é%Chélfan@ﬁt8¥ ﬁqﬁndéﬁl gre thea
transij§t Or@rmed on the insulator layers 601 and 602.

The nitride layers 603 and 604 provide two charge storage areas 610 and 611 for
each transistor 650 - 653, In the trench area, the lower oxide layer 605 has a thicker
composition than the rest of the gate insulator layér. The above cells 650 — 653 are formed on
a lower n+ region 620 on the substrate that acts as a common source/drain areé, depending on

20 the direction that each transistor is biased.

The upper o+ regions 660 and 661 are the second common source/drain area for
each transistor 650 and 651. The upper n+ region 660 and 661 of each transistor is coupled to

other transistors in the array by a bonding wire 640 or other conductive device.

Figure 7 illustrates an electrical equivalent circuit of a NOR NROM flash memory
25  array of the present invention in accordance with the embodiment of Figure 6, This figure

illustrates the respective cells 650 — 653 as described in Figure 6 above.

The control gates 701 — 704 are coupled to other cells in the array and act as word
lines. Two of these control gates 701 — 704 are illustrated in Figure 6 as 630 and 631. The top
commox source/drain areas 660 and 661 are shown as virtual ground or data bit line 709

30 while the common source/drain area 620 is shown as virtual ground or data bit line 708.



formed around the first oxide pillar 632 are described. The remaining
transistors are 10 substantially identical in structure and operation. As in
previ ous enbodi nents, the two ultra-thin silicon body regions 608 and 609
are formed BYOéWrP¥%l regrowth al ong the sidewalls ongﬂ@Sﬁ&Wﬁgmbjllar

632. The gate insulator |ayers 601 andy602 are forned al ongsi de of the
silicon body regions 608 and 609. The n+ polysilicon gate structures 630
and 631 for each transistor 650 and 6§51 are then 15 forne n t insul at or
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depending on 20 the direction that each transistor is biased. The upper n+
regi ons 66@swsier 866 is fammed dieer Sicaseldiccorenbrone smbedimgniathe gatedasulatar 80%ig@h

t ransi st or . + [ egi . . 1si st or
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wi th the emimdinmentheghteR8Gflaxtends inThe ¥’ dirgtioeinstedd afshe Xl disectibeasipsipect i ve
cells 650 N6 %%_qﬁ q%scribed in Figure 6 above. The control gates 701- 704
are couplég o] 8? B ells in the array and act as word |ines. Two of these
contrql, gates 701. 704.are jllustrated in Figure 630.and 631. The top
con (r)imsource/ dr lﬁlf%ﬁéfé[‘és(%%%ﬁaﬁ’f?as"%%‘&?‘é‘e‘gﬁgw eéng%?rﬁgf_tw&vg or data
bit/ i ne 7TRANBNRGIMI cells He0 eV D10 bf e praerttivahifbrarsig WZ0thisSGhBuwh as vi rtual
ground or data bit |Iine 708. WO 2005/ 050740 PCT/ US2004/ 038261, 7 Figure 8

D1 T ust r at eensisior §0and 8L issomonrdRhaspoiram pegn ﬂ%%ndo‘%ﬂg Oraaeéﬁaarpm D NROMV

cel I of thbRfRSRMdrial. RERBAd PircdRlkdidrgldnt 920 Hdv2 Bele. foriddon@hPedhd ®iide | S
conprised of the two source/drain regions 803 and 804 with the fully

depl et ed HHHY 9P@ardsapasred by thegsaig be Wwhile sibeleqgalty goupied-dder egi ons 807
and 848 ar&uiQukde-ghRVs04, 966,330,308 91 AR vBAEPground bit lines/data lines.

Epitaxial yegrowth is used to grow uitra-thin silicon body regions 901 and 902 on

the sidewalls of the oxide pillar 930. As in previous embodiments, these regions 901 and 902
are each less than 100 nm thick.

The gate insulator 930 is formed on top of the transistors 910 and 911. In one
20 embodiment, the gate insulator 950 is an ONO composite layer. Alternate embodiments for

the composition of this layer have been illustrated previously.

-

Control gates 907 and 908 for each transistor 910 and 911 respectively are formed
- from a polysilicon material on each side of the gate insulator 950. The control gates 907 and

908 are conpled to other transistors to act as word lines.

25 : Figure 10 illustrates an electrical equivalent circuit of a NAND NROM flash
memory array of the present invention in accordance with the embodiment of Figure 9. The

two transistors 910 anrxd 911 of Figure 9 ére shown.

The n+ source/drain connection 1005 of Figure 10 corresponds to the two
source/drain regions 920 and 921 of Figure 9. The word lines 1001 and 1002 of Figure 10
30  correspond to the control gate 907 and 908 respectively of Figure . The source/drain regions



S5 insulator 805 is formed over this architecture. In one enbodi nent, the
gate insul ator 805 Is a composite ONO | ayer but can be any ot her type of °
mat eri al incb% hose descri bed above. The control g f or med
above the gate PhE0 é{or 805. I n the NAND enbodi nent, heﬁggﬁgw%%% ext ends
inthe “z' direction instead of the "x'gdirection as in the NOR enbodi nent.
10 Figure 9 illustrates a cross- sectional vi ew of one enbodi nent of two

verti cal D d t he nt | on_usi ng

Uit et hi roRa DR P S AE otdnr O sh e B ER T sob YA BRadsFhRY, o i
regi on 905um9dm9ﬁﬁﬁhﬂﬁm§dblm a p-type substrate nmaterial. Second
source/drain regions 920 and 921 are formed on top of the oxide pillar 930
and separ at ed by'Theﬂgwaémb@ﬂmﬁﬂamyﬂMﬂtMﬁdshtﬂkmmﬂeﬁhmhmﬁhMyIﬁmu@hed The 15
source/ drai n regions 5,..90 20 an fun ti.Qn as V|r und bit

i nes/ dat 8168 maftﬂ?\?&’xﬂhﬁia‘? W@SPW@D &0? O YRASCARC etfﬁYeﬁgggyu con
body r@agi ofgrilPhe ABFing Ghedsuch e th‘é'pf&&hﬁhﬂv%nﬁﬁn ik Bual hisiicihlé odfichBO0. As in
previ ous enbodi nents, these regions 901 and 902 are each |ess than 100 nm

t hi ck. TheStgsues N%QM&PB?W@%&‘P%% Ylisp-Hersifeom Bishemek tiee £39889st or s 910 and

911. In one 20 enbodinent, the gate insulator 950 is an ONO co?ﬁ05|te
layer. Alternate Bh@askngnnd ciching steprused iionm theatfrathin fiiiconNROM flash e been

i |lustrat eﬁerﬁé wwtue iﬁlfaémﬁ%é%o?&&@m ﬁ@éiaﬁ Ghe $A5dRs Er&&néqu% gr 910

and 911 respec i vel are froma polysilicon material on each side of
the gate |tn§<urnail@ab®f§eiescri’vedm@hmwutesgmwlmndqydhosg@@ﬂed@tbwpl ed to other
transistors to act as word lines. 25 Figure 10 illustrates an el ectri cal

equi vdPent ci r cuiFigefe 14 iflisnpenR@mclicnabblocindiagrrap of p meynogf davive 1 piibaen

i nvention j f
transi st o2 u g HAREE alh SPr bR, RERP LR o ordeh thfBndon, TEpehllS
connect i onde¥d83106X is Eo@ascbtoh@rmmsaoethﬁn’ﬁ& procesdve 11 omasioa mstagrarbssoiragi ons

920 d 921 of .Fi 9, T d li 1001 30
oo oo ond s ot B SF Fonbl e - Sairty a8 AP0 At proEE 111y >
sour ce/ dr dofin pegéfaiscl ot @pdiéth Q T2 TRRGhEMSAMR4icO 3 8iGiks been simplified to

15  focns on features of the memory that are helpful in understanding the present invention.

‘The memory device includes an array of flash memory cells 1130. In one
embodiment, the memory cells are NROM flash mermory cells and the memory array 1130 is
arranged in banks of rows and columns. The control gates of each row of memory cells is
coupled with a wordline while the drain and source connections of the memory cells are
20  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 architecture. -

An address buffer circuit 1140 is provided to latch address signals provided on
address input connections AO-Ax 1142. Address signals are received and decoded by a row
decoder 1144 and a column decoder 1146 to access the memory array 1130. It will be

25  appreciated by those skilled in the art, with the benefit of the present description, that the
number of address inpﬁt connections depends on the density and architecture of the memory
array 1130. That is, the number of addresses increases with both increased memory cell

counts and increased bank and block counts.

The memory device 1100 reads data in the memory array 1130 by sensing voltage
30 orcurrent changes in the memory array columns using sense/buffer circuitry 1150. The

sense/buffer circuitry, in one embodiment, is coupled to read and latch a row of data from the



905,and 906 fornmed in the substrate of Figure 9 correspond to the

* source/drain connections .. 1009 and 1007 of Figure 10. The above enbodi nents
are illustrated as n-channel type transistors. However, one of ordinary
skill in the"ar#osiF97#0 understand that the conductivity FES2E4ESHL reversed
by 5 altering the doping types such that the present invention is equally
applicable to include structures NROM structures having ultra-thin silicon,
p- channel type transjstars. The ski and et chi stens, used..to.formthe
O r et i ey sy B Brb i ey SR ey 1 el O Roubionl v e ot
di scussed dafx cdgliintcatick6veY 2 biv@Alfty 5t @RScdnRHbEL 62 kih iy ddhtcbIRr @bIOY.e- descri bed
architectures are well known by those skilled in the art. ‘10 Figure 11

i || ust r at e¥Ti ofrGwEs il bihis perviderd tewailt datd rthe e 3afevi ce 1100 that can
incorporate the ultra-thin SO_ flash nenory cells of the. present_invention.

h
The nenory devi dePnirglopirquiiricifBideerdessignalyrseddedym cpntiq) congeeliaes ALESEBR 1110

may besa MhehaRseaasRPTHRLe sish@iBrdlse8 fo dohRE! tRE ook thd thefmbfyCiiay T Y.  The
menory devi ce 1100 and the processor 1110 formpart of an el éctronic system
1120. The Hé¥dngjudiesdagrerend.Glotarvate anderase psirationa d'be contiol eimify 190 mapbar es of
e oo Y sdiPhadift DELpbilr P AAOGHS! GG, Pr esent fnvent]on.  The

menory device I ncludes an arra nmenory cells 1130. In one

enbodi nment, the r %!Fggyl 2 . ry
array 1130 is a@%g%%ﬁ?nﬁhgg%@ rgagsh@%aé%%}r{rtﬁogl%érig%n%r aﬁ%glt)es of
each row gkoocssnidieynegely deviee 1100 wf Fagrev ittaycbevanredibedded déniteewittheCMQS n and
sourc ccong& étsi ons of the nenory cells are 20 coupled to bitlines. As is
wer{ Khowd 1H the art, the connection of the cells to the bitli nes depends
on.fhet her the arpay_i,s.a NAND architecture or ar.chi.tect ure.. . .An
address buffer ci hg)t%a%h‘ff%wi evbﬁ%@‘l‘s%gtﬁafuﬁguaﬁ’ éﬁh e%"%lpgﬁ%dr:\tggasc‘ﬁbt?t%i ded on °
addr ess i mpsit unierstmding @l sheABatioes bl the mehel. @ShoRi dghadtdundestandiseofagmand

decoded by, a .row gecoder %144 and,a cqlum d COdq%}lgéM to access the
merory  ar CS§RFY 3R 2upeiags of gk memoriss arekngwa 0 ose TWEPted in the art,
with the benefit of the present des&rie ion. that the nunber of address
i nput connections depends on the dens ]tyU architecture of the nenory

arrayis130. That thSumhhe), e MreOMAasBAREREFQHs biihE BRSME intbdtidn BAkize diRer eased

menory, cel|. counts and increased bank_and bl ock counts. . .
thin SOI to provide a fully depleted body region. This eliminates the undesirable floating

body effects experienced by partially depleted CMOS devices.

Althongh specific embadiments have been illustrated and described herein, it will
be appreciated by ﬁose of ordinary skill in the art that any arrangement that is calculated to
.20 achieve the same purpose may be substituted for the specific embodiments shown. Many
- adaptaﬁons of the invention will be apparent to those of ordinary skill in the art. Accordingly,
“} this .application is intended to cover any adaptations or variations of the invention. It is
- manifestly intended that this invention be limited only by the following claims and

equivalents thereof.



The nenory device 1100 reads data in the nenory array 1130 by sensing
voltage 30 or current changes in the nenory array col ums using
sense/buffer circuitry 1150. The sense/buffer circuitry, in one enbodi nent,
is coupled to read and latch a row of data fromthe WO 20051050740

PCT/ US2004/ 038261 9 nenory array 1130. Data input and output buffer
circuitry 1160 is included for bi - di redPional data communi cation over a
plurality of data connections 1162 with the controller 1110). Wite
circuitry 1155 is provided to wite data to the nenory array. Contr ol

ci rcui tryAisdecodes signals provided on control connections 1172 from 5
the processor 1110. These signals are used to control the operations on the
menory array 1130, including data read, data wite, and erase operations.
The cont rol Chigﬁﬁéﬁﬁkéﬂﬂ@ QE&KQ&R Aisd.ate machi ne, a sequencer, or somne

ot her type of controller. %ﬁnce t % N menory cells of the present

i nventi on use aa ultM3Bircohatibineulator byedeying o senoe/yratheegiors Spetedfbyri gure 1

i may be an ded deyice with a CMOS 10 processor. The flash nenory
devi ce iFPHE@E&@@H%ﬂﬂmﬁ¥bﬂsﬁﬁgfnhas been sinplified to facilitate a basic

under st andi ng Rét ahdl SechBAbIE Fayeis, d40R f6¥RIED h¥oveA dTEERNCGTAkIRGURERAESH andi ng
of internal «circuitry and functions of flash nenories are known to those

skill ed iregipnsethgdirst aghrggondogide layses|lafextlnenagated fiem pmenethérash nenory cel | s

of the present Jjnv i i It ha=. khi i fiul | epl et ed
body region. %‘ﬁ’:a{s} lgﬁé%gﬁgﬂéésd é‘ﬁeg tﬁér‘? g gglrerg%%{ Egldf o%‘{sf)%"gf Sg%%@;‘”‘z‘%ef lg;éetr% ﬂ%

exper i engat: ihgulgardapaté yf dedged pldraGCE diengecmsliffékhtiocugions pfthe friselator;
enbodinenta have been illustrated and descri bed herein, it will be

appreci at® by those of ordinary skill in the art that any arrangenent that

i's cal cul at ed ale@ntrdQaftCibiRMF 16 pR@MRuRkrPOSe may be substituted for the
speci fi c enbodi nents shown. Many adaptations of the invention will be

apparent to those of ordinary skill in the art. Accordingly, this

application isyinten . COV Ny, adapt atiions or vari.ations, of the
hvent rort 1+ e SR Hb AR PRSP RER B BARG T eaont v by
t he fol | @empgsirlseuemreand

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.

6. The transistor of claim 1 wherein the transistor has a NAND architecture.



equi val ents thereof. 10 CLAIMS 1. A planar NROM transistor conprising: an
ultra-thin silicon-on-insulator |ayer having two source/drain regions
separated by a normally fully depleted body region; first and second oxide
| ayers, each fornmed above a different one of the source/drain regions, the
first and second oxi de | ayers Iateralli separated from each other; a gate

i nsul ator forned over the body region hd the first and second oxi de | ayers,
the ogate insulator capable of storing a plurality of charges in different

| ocations of the insulator; and a control gate forned on the gate

i nsul atorz, 2. ThB@ahdisbsdflam Ohvhé&tiaithe tandhir Bhdla NOR Saltifctupeul ator is an
oxi de-nitride-oxide conposite structure. 3. The transistor of claim1l

wherein the gate i nsul ator layer is a corrposi te layer conprised of one of
an oxi de-gni triy ¢%Hﬁ yer, an oxide-al um num

oxi de- oxﬁﬂe con€%5|te ayiﬁﬁhgﬁla OX|3g§s |con oxycar bi de- oxi de conposite
llayer. 4. The atsnbastrstestoatprisingahanswlatorddnyer enda tiieorgad-msilatu leytothat lmyer is a
non-conposite | aye ri sed,.of one o i con oxides forne

ot dat | oA EEFshGY i A B, B PPt A IsGHIOT (AT PROPUSTIR of
nanopart 'rE%l@l% s8pargtell b9ﬁﬁhonﬁaﬂly ﬁﬁgdgﬂé’t@a Bédﬂ%gbﬁyers silicon-rich alum num
oxi de insulators, silicon oxycar e insulators, or silicon oxide insulators

with inclusi (ﬁﬂ@ andswand)p@ﬂc aykusseach farmeil ebovecadiffengat ors of Hessotrcaidsdint or  of
Cl al m 1 V\heE) S {(;)}'Ft %I' agatsgcong%g ?tl gfrﬂll's lgtel%ﬁn‘ﬁéd a?éh @ém%?& Otﬁé OI Chl omet rl c

1
single Ia Wo of nore-o rogen un1nuh1 titani um

tantal um hafarmbmpbsﬂeagatdlamumm frmed 6@p telbvdy Geglﬁﬂﬂldtthaﬂﬁ;t siddecorfd ddide m 1
wherein the transistor has a NAND archltecLure Ee transi stor of
clai m 1 ihereths irdniylaiachayinga niidedayqorersgblepl ?@&19& ﬁé‘lrst charge in a first

location when the cell is operated in a first direction and a second charge in a second location
when the cell is operated in a second direction; and

a control gate formed on the composite gate insulator.
9. The cell of claim 8 wherein the control gate is comprised of a polysilicon material.

10.  The cell of claim 8 wherein a first source/drain regions operates as a drain region
when the cell is operated in the first direction and as a source region when the cell is operated

in the second direction.

11.  An electronic system comprising:
a processor that generates control signals for the system; and
a memory array coupled to the processor and having a plurality of memory cells
comprising:
a planar ultra-thin silicon-on-insulator layer having two source/drain regions
separated by a normally fully depleted body region;
first and second oxide layers, each formed above a different one of the
source/drain regions, the first and second oxide layers laterally separated from each

other;



8. A planar NROM flash nenory cell conprising: a substrate conprising an

i nsul ator |ayer and a silicon-on-insulator |ayer that has a thickness |ess
than 100 nm the silicon-on-insulator |ayer conprising two source/drain

regi ons separated by a normally fully depleted body region; first and second
oxi de |l ayers, each formed above a different one of the source/drain

regions, the first and second oxi de Ia? rs laterally separated from each
other; a conposite gate insulator formed over the body region and the first
and second oxide |ayers, the gate insulator having a nitride |ayer capable
of storing a firstagheiealdd fornidddver the @6 fepidn\¥he the St £lskcdnd oRider at ed in
a first direction and a second charge in a second |ocation_when the cell is
operated in alayesotig gaﬁerlwqt@rpap%w@t@rm&murab@t@ chesgpeia differentdocsbingrosi t e
gate insulato of claim8 wherein the control gate is conprised
of a polysili é%wg%ﬁﬁgﬁnéﬁkﬂ 10. The cell of claim8 wherein a first
sour ce/ drai n regi oasompd patedsrnaes on the gatoinselgioan when the cell is operated
inthe first direction and as a source region when the cell is operated in
the second direction. 11. An electronic system conprising: a processor that
gener at egcontrne b1eéﬂr&ﬁ@£ﬁteﬁ@5f RIEATE) pmsﬁ&@ih tl‘?enéilt@m%%f ¥ aRlox - rﬁﬁ’MQJoﬁﬁlet o the
processor and having a plurality of nmenory cel conprising: a planar

ul t r a- t hicompeditestsuctans- i nsul at or | ayer having tmo source/ drai n regions
separated by a normally fully depleted body region; first and second oxide

| ayers, each fornmed above a different one of the source/drain regions, the
first andl_'%sec cmsl clexirsltc bayeat ﬁfdlﬁtrgrladvhqremel&agazé mﬁtﬂﬁ?ﬁmya&e A gompb‘rﬁtfe d 12 da
gate insuylator for over the bq i,on and the first and second oxide
layers, et I&lﬂeﬁm EP%& Franexjsleniiaid g hgpigyin Rglds cpmppsiiei lpxpr.am ke ges i n
differ emaidn’ﬁﬁ@ﬁl I0QNR-oxidd ctoHﬁ‘)oblf?lHireq,t &'an o2RE-silicon oxycarbide-oxide composite

layer.

14.  The electronic system of claim 11 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.
15.  The electronic system of claim 11 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.

16.  The electronic system of claim 11 wherein the memory array has a NAND

architecture.
17.  The electronic system of claim 11 wherein the memory array has a NOR architecture.

18.  The electronic system of claim 11 wherein the control gate is comprised of a

polysilicon material.




a control gate formed on the gate insulator. 12. The el ectronic system of
claiml 1 wherein the gate insulator is an oxide-nitride-oxide conposite
structure. 13. The electronic systemof claim 1l wherein the gate insul ator

| ayer is a conposite |ayer conprised of one of an oxide-nitride-alum num
oxi de conposite | ayer, an oxide- al um num oxi de-oxi de conposite |ayer, or an
oxi de-silicon oxycar bi de-oxi de conposiﬂé | ayer. 14. The el ectronic system
of claim 11l wherein the gate insulator layer is a non-conposite |ayer
conprised of one of silicon oxides forned by wet oxidation and not anneal ed,
silicon- 19 ch 1oxictREoNTk kistéh oF Hain® NS whkreMARO AR bdutSSraRfiregibhd GRPatesdslal con
oxynitride layers, silicon-rich alum num oxide insulators, silicon

oxycar bi disaippegiomwbersthe gell isidperatnd iprifis diragsiongnd esa gpuree regioaiwhen descelf
nanopart ii%hﬁ&at?& = éeicﬁl?c{‘di?e%ﬁgﬁde' 15. The el ectronic systemof claim 11
wherein thegate 1 nsulator 1s conprised of non- stoichionmetric single |ayers
of two or nore of silicon, nitrogen, alumnum titanium tantalum hafnium
| ant hanum or zirconium 16. The el ectronic systemof claim 11l wherein the
menory array has a NAND architecture. 17. The electronic systemof claim1l
wherein the nenory array has a NOR architecture. 18. The el ectronic system
of claim 1l wherein the control gate is conprised of a polysilicon
material. 13 19. The electronic systemof claim1l wherein the first
source/drain regions operates as a drain region when the cell is operated
inafirst direction and as a source region when the cell is operated in a
second direction.





