1 NROM FLASH MEMORY DEVI CES ON ULTRATHI N SI LI CON TECHNI CAL FI ELD OF THE

I NVENTI ON The present invention relates generally to nmenory devices and in
particular the 5 present invention relates to nitride read only nmenory
flash menory devices. BACKGROUND OF THE | NVENTI ON The i ncreased speed and
capability of conputers and other electronic devices requires better
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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 1ayer 101, the drain/source regions 105 and 106 are formed.
The gate 107 is formed above the partially depleted chanpel 109. A floating body 110 is
within the depleted region 112 and results from the partial depletion.

SOI technolo gy, however, imposes significant technical challenges. The silicon
25 film used for SOI trapsistors must be perfect crysialline 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 transistor 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



30 Additionally, floating body effects in partially -depleted CMOS devi ces
using SO technology are undesirable in many | ogic and nenory applications.
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studying the following specification.

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

plurality of charges. A control gate is formed on the gate insulator.

N

Further embodiments of the invention include methods and apparatus of varying

scope.

25 BRIEF 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 usin.g ultra-thin SOL

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

30 NROM celis of the present invention using ultra-thin SOL



' Figuré 2 shows a cross-sectional view of one enbodi nent for a planar NOR
NROM cell using ultra-thin SO . Figure 3 shows a cross-sectional view of one
enbodi ment of two vertical NOR 30 NROMcells of the present invention using
ultra-thin SOL 3 Figure 4 shows a cros$-sectional view of another
enbodi nent of two vertical NOR NROM cells of the present invention using
i rasthin SO P SR AnSRONSIRNS RG] ok ofilgh KBDERho o fiderel @ NOR NROM,
flash nenory array of the present 1nvention. igure 6 shows a -
cr oss- sectNORANROMeslloéf the presgnd inventioalusing nhitadghigi®eBdi nent of a vertical NOR
NROM nenory array of the present invention using ultra-thin SO. Figure 7 :
shows an el ect ri cHigueduhows emelediicat aquivaddnt cirdi(dRf AIROR NROM flash memyry array of
the present_invwention..n a rdance with the enbodi nent of Figure 6. Figure
8 shows a %rrags%\sf?%eé)é%ﬁgﬁa enﬁ/(lgrgw of one enbodi nent of a planar NAND 10 NROM
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t he pr esenterticay BIOR MRONGmemomy! drag-of thie PpreSédt ifvegtivhaisih@ uithothin SO el ectri cal
equi valent circuit of a NAND NROM fl ash nenory array of the present
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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 description of the invention, reference is made to the

20 . accompanying drawings that form a part hereof and in which is shown, by way of illustration,

N

o 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 skilled 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 using 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.



25 may be made without departing fromthe scope of the present invention.
The following detailed description is, therefore, not to be taken in a
limting sense, and the scope of the present invention is defined only by
t he appended cl ai ns and equival ents thefeof. Figure 2 illustrates a
cross-sectional view of one enbodi nent of a planar NROM cell using
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Al ternate enbodi nents of the present invention use other gate insulators )
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conposite |l ayers, oxide, silicon oxycarDbide-oxide conposite |ayers as well

as other @®fpdLite layers. In still other alternate enmbodi ments, the gate

insul ator may include thicker than nornal silicon oxides fornmed by wet
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| ayers, silicon ri al um num oxi dé 1 nsulators-that are not conposite

| ayers, .sioxidecpmposyte daybisdexide- aluminum oxide-oxide composite layers, oxide, silicon

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

In still 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 aluminum oxide insulators that are not composite layers, silicon oxycarbide -
insulators that are not composite layers, silicon oxide insulators 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 Si, N, Al, Ti, Ta, Hf, Zr,
25 andlLa

Figure 3 illustrates a cross-sectional view of one embodiment of two vertical NOR
NROM cells 350 and 351 of the present invention using ultra-thin SOIL 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. Altemate embodiments use p-type

material if the substrate is comprised of n-type material. Additional source/drain areas 320
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-i'nsul ators that are not conposite |ayers, silicon oxide insul ators with

I ncl usions of nanoparticles of silicon carbide, in addition to other
non-stoi chionetric single |layers of gate insulators of two or nore commonly
used insulator materials such as Si, NsA, Ti, Ta, H, Zr, 25 and La.
Figure 3 illustrates a cross-sectional view of one enbodi nrent of two
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Figure 4 illustrates a cross-sectional view of anothef embbdiment of two vertical
NOR NROM cells of the present invention using ultra-thin SOL This embodiment has an
architecture that is substantially 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
> 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 previous 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.



NOR NROM cel | s of the present invention using ultra-thin SOL This enbodi ment
has an architecture that is substantially simlar to the enbodi nent of :
Figure 3 in that the ultra-thin 20 silicon body regions 400 and 401 are

" formed by epitaxial regrowth along the ®idewalls of the oxide pillar 410.
The top source/drain areas 420 and 421 are fornmed at the top of the oxide
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each transi stor @@gngﬁ@p]gmsﬁ(? JeandHi@a 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 layer. The above cells 650 — 653 are formed on
a lower n+ region 620 on the substrate that acts as a common source/drain area, depending on

20 the direction that each transistor is biased.

The upper n+ regions 660 and 661 are the second common source/drain area for _

R

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
common 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.



+ 15 forned on the insulator layers 601 and 602. The nitride | ayers 603 and
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Figure 8 iNd gogitﬂg'eata cross-sectional view of one enbodiment of a planar
NAND NROM cell of the present invention using ultra-thin SO. This
enbodiqrent is coppyi teslaM0gk e ol j £ &nd; 804 with
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NAND NROM cells 910 and 911 of the present invention using ultra-thin SOI.

Each Epitaxial regrowth is used to grow ultra-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 950 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 coupled 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 and 911 of Figure 9 are 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 9. The source/drain regions
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transi stor 910 and 911 is .cenprised of a source/drain region 905 and 906 °
formed in a p-type substrate material. Second source/drain regions 920 and
921 are fornmed on top of the oxide pillar 930 and separated by the grain
boundary while still electrically coupl®d. The 15 source/drain regions 905,
906, 920, and 921 function as virtual ground bit lines/data |ines.

Epi t axi al 906 @iy YoinSedUs @it subst@feQNFibted PedriRbfbnd itd the Sdur&Adyin EaFkanss 901 and
902 on the sidewalls of the oxide pillar 930. As in previous enbodi nents,
t hese regil8ftanddP0AakFigHE 10ar e each | ess than 100 nmthick. The gate

i nsulator 950 is forped on top of the transistors 910 and 911. In one 20
embodi ment, the daeabeyesmbadigentzes ijlustrgted arpcbyiplgEpe Ensiglosy How§ el nat e
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previously. Control" gates 907 and 908 for -each transi'stor 910 and 911

respeci i veligringrike dopingdypestspenthat theprgssnt inventionrisieanallylapplicablgéninglpdie of t he
gate insul en: - 90Q; d aﬁ?@? ed to other
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t r ansi st omen®iycedndf he praséntFEvgutien He vot disstoedin déd. The woouscepsiregnired
connecti on 05 of Fiqur 0_corresponds,,to th WO rcel drain regions
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correspond to the.con te 907. a 908. respectivel f. Fi 9. The -
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above enbgdi.rre b@.are 1'Ilustrat ed (ilf q,—channel 1é}{ﬁe tti)ansi.stor S. However, ‘
one of or FY%%&Q &5 fqupler 9 frogessor it 9. This geacessamd Y Ay OF ALUTEREUTST 9T ty types
can be regensetertype S cdhtrallihdgirdulis. TRPmBEotyyHeeRe $10DMnt Ratprédagoprigeent
invention_is equally. appli cabl e tg include st ructures NROM st ructures having
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st epsi3isedodu®ort RaMArdsE (e théRory MhaRar® hbipf® th MAMahaias he praaeRives®dnl s of the
present invention are not discussed in detail. The various steps required

The memory device includes an array of flash memory cells 1130. In one

embodiment, the memory cells are NROM flash memory cells and the memory array 1130 is
arrahged 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  coupledto 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 61‘ a NOR architecture. -

An address buffer circuit 1140 is provided to latch address signals provided on
address input connections A0-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



t.o formthe above-described architectures are well known by those skilled in
the art. 10 Figure 11 illustrates a functional block diagramof a nenory
device 1100 that can incorporate the ultra-thin SO flash nmenory cells of

t he present invention. The nenory devigce 1100 is coupled to a processor
1110. The processor 1110 may be a m croprocessor or sone other type of

control li ng circui he nor, deV| 1100 I he S 11 form
part of aﬁ’ BPEATS 5{0 Rpa Ay ﬁ%éutp"ftﬂ’ gggqléénci%gg%gb&ﬁe@é ap
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under staw ng the present invention.. The rrermﬁy devi ce includes an array of
flash memdre ciEquily’ 1334s prpyiderhie WRiEHwALHEA FemP effnmory cell's are NROM fiash
menory cells and the nmenmory_array 1130 i.s arranged in banks of ws and :
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signal s are recekyesnankanGnay b ARRHR 44 s Bofigkin decoder

1146 to access the nenory arra appreci ate t hose
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of“\}t e ne?mry array 1130. That is, the nunber of addresses increases with
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and output buffer circuitry 1160 I‘fﬁ#ﬁ‘b@iﬁ for -directional data
communi cation over a plurality of cti ons 1162 with the controller
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body effects experienced by partially depleted CMOS devices.

Although specific emboediments have been illustrated and described herein, it will
be appreciated by tﬁose 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
e, adaptations of the in-vention 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.



5 the processor 1110. These signals are used to control the operations on
the nmenory array 1130, including data read, data wite, and erase
operations. The control circuitry 1170 may be a state machi ne, a sequencer,
or sone other type of controller. Sincg the NROM nenory cells of the present
invention use a CMOS conpati ble process, the nmenory device 1100 of Figure
11 may be an enbedded device with a CMOS 10 processor. The flash nenory
device illustrated in Figure 11 has been sinplified to facilitate a basic
under st andi ng of the features of th&LAMIy. A nore detailed understanding
of internal <circuitry and functions of flash nenories are known to those
skilled in the art. CONCLUSION 15 In summary, the NROM flash nenory cells
of the present invention utilize ultra- thin SO to provide a fully depleted
body region. This elimnates the undesirable floating body effects
experienced by partially depleted CMOS devi ces. Although specific

enbodi nents have been illustrated and described herein, it will be

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

is calculated to_.2 qﬁﬂb gg@.@ r -npy be substituted for the
specific ghbodf%%%ﬁgﬂs omﬁyﬁ%%ﬁgﬂg p a?ﬁgﬁgﬁ%ggthe invention will be

apparent to thasebgfatolialinged weksddrce/draiheegnt . Accordingly, this
application is intended to cover any adaptations or variations of the

i nvention. It 8 oXidgmiliasriepdingopivad ogythesHpstratsahane thsrlomer $quﬁ<ie(%epnon| y by
the follow ng claing.ggpd equivalents thereof. 10 CLAIMS A vertical NROV
flash nmenory array co%pr’i sing a substrate having a | ower source/drain

regi on; an oxi delynlityarf uéd-thindsiligorbddyakegiohs, @act drenwisies epdtariahisgwevthhe | ower

sourcelotaln 10 on Rl ALl Lk of e 5 Ihr Sl LGRD Radtamens, oot
oxide pillar, each l@%ﬁdﬁlggieﬁf@ally from each side of the lower source/drain region;
' an upper source/drain region formed on the oxide pillar, each side of the upper
source/drain region coupled to a different body region;
an insulator layer formed around either side of the lower source/drain region, the
plurality of body regions, and the upper source/drain region,; portions of
the insulator layer on each side of the lower source/drain reéion having a
greater thickness than the remaining insulator layer such théjt the lower
source/drain region is isolated between the thicker insulatoi‘r‘i Elayer portions;
and

a control gate formed over the insulator layer.

2. The memory array of claim | wherein the thicker insulator layer portions are a

lower oxide layer.

3. The memory array of claim 1 wherein the lower and upper source/drain regions

are n+ doped regions.

4. The memory array of claim 1 wherein the memory array is coupled in one of a

NOR architecture or a NAND architecture.



extending vertically fromeach side of the | ower source/drain region; an
upper source/drain region formed on the oxide pillar, each side of the upper
source/drain region coupled to a different body region; an insulator |ayer
formed around either side of the |owerjjsource/drain region, the plurality
of body regions, and the upper sourceldrain region, portions of the

i nsul ator | ayer on each side of the | ower source/drain region having a
greater thickness than the remai ning insulator [ayer such that the | ower
source/drain region is isolated between the thicker insulator |ayer

ortions; s and I 2 2. The nmenor |
grray of gl ai m@&ﬁgﬁﬁ?gﬁé@%ﬁ@#ﬁ%@p fgtrre)ll lf/geigtf%%rﬁd?%ﬁﬁ{sa are a |ower Y

oxi de | ayer. 3polykiéicorenmteyianrray of claim 1l wherein the | ower and upper
source/drain regions are n+ doped regions. 4. The nenory array of claiml
wherein the nmenory array is coupled in one of a NOR architecture or a NAND

architecture. : | @l i : r ate i s
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formed with a pol con material. e nmenory array of "claim 1 wherein
t he ultra-thi nttenlli06am thacdky regi ons are less than 100 nmthick. 7. The
menory array of claiml wherein the insulator layer is nade fromone of a
group of conposite material |ayers conprising: oxide-nitride-alum num oxi de,

oxi de- al ym NUMOkidfePirdPor Alth PYHERLP I AN BXUGETDIRe Rifitifhe dFa ThE
menory array of claim erein the upper source/drain region Is separated
by a grai n bougdapyfdehpositegnitheal hayerdemyprizatgresideartilesiuhsinom dadide, upper

source/drain regi.on coupled to a. different .hody region. 9. The nenory array
of ‘claimd wherQER HHBIBEE RSP acst TR o Lo R

8. The memory array of claim 1 wherein the upper source/drain region is separated
by a grain boundary defining the boundary between each side of the upper

source/drain region coupled to a different body region.

9. The memory array of claim 8 wherein the each side of the upper source/drain

region is electrically coupled at the grain boundary.

10.  The memory array of claim 1 wherein the control gate acts as a word line in the

memory array.

11.  The memory array of claim 1 wherein the lower source/drain region operates as a

bit line in the memory array.

12. The memory array of claim 1 wherein the insulator layer is a composite oxide-

nitride-oxide structure.

13.  The memory array of claim 1 wherein the insulator layer may be formed from a
group of materials comprising: silicon rich oxides with inclusions of nanoparticles
of silicon, and silicon oxide insulators with inclusions of nanoparticles of silicon

carbide.



region is electrically coupled at the grain boundary. 10. The nenory array
of claim1l wherein the control gate acts as a word line in the nenory
array. 11. The nenory array of claim 1l wherein the | ower source/drain region
operates as a bit line in the nmenory @rray. 12. The nenory array of claim1l
wherein the insulator layer is a conposite oxide- nitride-oxide structure.
13. The nenory array of claiml1l wherein the insulator |ayer nmaybe forned
froma group of materials conprising: silicon rich oxides with inclusions
of nanoparticles of silicon, and silicon oxi de insulators mﬁth inclusions

of nanopa |cI of silicon arbjde. 12 14, iml
her otk | n3he SieRory BTG oG- Wb et A PR Seofder (s a
non- conposi te tmaéﬁatbmyéﬁygho&t:oﬁpsmqﬁ m%lay&matyﬁr% E&Hﬁ“ si ng:
silicon oxynitride, silicton rich alum num oxi and silicon oxycarbide.

15. The nenor y geupapmpfisiogaiiicoh adyeitéde siliveniieb aluaunumloayh; adssikicon

non- st oi chi orretrl C b@l ngl e insulator |ayer forned of two or nore materials
taken from a gP®BE°%onprising: Si, N, A, Ti, Ta, H, Zr, and La. 16. A
menory devi ce conprising: a controller that nanages control signals to
facilitate operation of the menory device; and a vertical NROMflash menory
array conpb.i si mhe n@rrmbgmmfecmgvl W@e@m theansudasonleysrds anen- stoifhiometre oxi de

plllar ext endi n rd fro strate ab ve.th ower source/drain
Pegi on: “a. pi ur SPeRy SRy e ot PR s BRrEN e S H e si no
epitaxial r egebisifg: SN A0 a0 0, DDRAGIAE S|demalls of the oxide pillar,

6. A memory device comprising:
a controller that manages control signals to facilitate operation of the memory
device; and
a vertical NROM flash memory array comprising:
a substrate having a lower source/drain region;
an oxide pillar extending outward from the substrate above the
lower source/drain region; ‘ ;
a plurality of ultra-thin silicon body regions, each comprising epitaxial
. regrowth of silicon along opposite sidewalls of the oxide pillar,
each body region extending vertically from each side of the lower
source/drain region; |
an upper source/drain region formed on the oxide pillar, each side of the
upper source/drain region coupled to a different body region;
an insulator layer formed around either side of the lower source/drain
region, the plurality of body regions, and the upper source/drain
region, portions of the 'insulator layer on each side of the lower
source/drain region having a greater thickness than the remaining
insulator layer such that the lower source/drain region is isolated
between the thicker insulator layer portions; and

a control gate formed over the insulator layer.

17.  An electronic system comprising:



each body region extending vertically fromeach side of the | ower
source/drain region; an upper source/drain region fornmed on the oxide
pillar, each side of the wupper source/drain region coupled to a different
body region; an insulator layer fornedsaround either side of the |ower
source/drain region, the plurality of body regions, and the upper
source/drain region, portions of the insulator |ayer on each side of the

| ower source/drain region having a greater thickness than the remaining

i nsul ator |ayer such that the Iomer source/drain region is isolated between
t he thicker insulator Efrtl and a.control égte fornmed over the

i nsul ator | ayef PfOCESFOTIetﬁ %‘FI@ AR Cacge&pés( SEALOESSAItS ifEFact PEth 4 MSPERssor t hat

generates and gehEPhLRgsi gnals used to interact with a menory device; and a
‘nmenory device conprising: a controller that generates control signals to
facilitate operatsnmry dévitdh eompmong: deV|ce and a vertical NROMflash menory

array conprising: a strate havin rce/ drain ion; an oxide
pi |l ar extendi ﬁgo?}fﬂl%‘é tg?rgmt%@ngg{) ag @fﬁf} e?ﬁ‘?éauqno‘t/éﬁeq%ﬂf’%/ drain
region; a pluralityq@ficdibhfia-thin silicon body regions, each conprising
epitaxial regrowth of Silicon along opposite sidewalls of the oxide pillar,

each body regi @Nemaléﬂ@t()h@ﬂ‘aﬁrmematyl arrafyroompeiginig: si de of the | over
source/ drai n region rce/drain regrl an _formed on the oxide

pillar, each side O@-@%g%@; @ﬁ OV P P LA AL S OBn coupled to a different

body region; an oxide pillar extending outward from the substrate above the
lower source/drain region;

a plurality of ultra-thin silicon body regions, each comprising epitaxial
regrowth of silicon along opposite sidewalls of the oxide pillar,
each body region extending vertically from each side of the lower
source/drain region;

an upper source/drain region formed on the oxide pillar, each side of the
upper source/drain region coupled to a different body region;

an insulator layer formed around either side of the lower source/drain
region; the plurality of body regions, and the upper séttrce/drain
region, portions _of the insulator layer on each side of tl%le lower
source/drain region having a greater thickness than ‘thetrerrtaining
insulator layer such that the lower source/drain regiotl is isolated
between the thicker insulator layer portions; and

a control gate formed over the insulator layer.

18. A method for fabricating an NROM cell, the method comprising:
forming a pair of laterally spaced source/drain regions in an ultra-thin silicon-on-
insulator, the silicon-on-insulator having a normally fully depleted body
region separating the pair of source/drain regions;
forming a pair of oxide layers, each layer formed above a different one of the pair
of source/drain regions; .
forming a gate insulator layer over the pair of oxide layers and the fully depleted

body region; and



an insulator layer formed around either side of the |ower source/drain
region, the plurality of body regions, and the upper source/drain region,
portions of the insulator |ayer on each side of the |lower source/drain
region having a greater thickness thang4the remaining insulator |ayer such
that the | ower source/drain region is isolated between the thicker

i nsul ator | ayer portions; and a control gate formed over the insulator

| ayer. 18. A nethod for fabricating an NROM cell, the method conpri sing:
formng a pai r of laterally spaced source/drain regions in an ultra-thin
silicon-on- ulator L"ﬁ | i con- on msulatlag having a normally fully
depl et ed body ?Té@lpéﬁpg 4] ]rca?lgﬁtﬁotv?fet gfte1 GuUR¥E drai n regions: formng a
pair of oxide |ayers, each |ayer forned above a different one of the pair
of source/drain regions; . formng a gate insulator |ayer over the pair of
oxi de | aydPs aridhetmhathédidf glaithel wherdin ﬂgud'ylgrtbggam insalatbr tamptisesrforming a

pol ysilico over t ate i ns t.or nmet hod, of cl aim 18
therei n 1 SFRRGSENE et dbRan it Bt B otmrni b et S asr over
the body rLE@&R psHA dftath SAEE aanefngurw@ram&g;o% | ayer extends over an

- adj acent porti on of each of the pair of sourcé/drain regions.



