21 JUN 2005 -1 A 2F2 MEMORY DEVI CE SYSTEM AND METHOD The present
invention relates to the field of sem conductor manufacture and,zm[mezw
particularly, to a 2F 2 5 flash nenory. As conputers becone increasingly
conplex, the need for inproved nenory storage increases. At the sane
time, there is a continuing drive to.feduce the size of conputers and
menory devices. Accordingly, a goal of nenory device fabricationis to
i ncrease the nunber of nmenory cells per unit area. Menory devices contain

bl ocks or arraysg of pTeRHEe! b%VI@E%%Eﬁilw%t gffﬁefH@)'fJe. bit of

information. Bits are ‘comonly repre I'mary digits 0 and 1
A flash nenory device is a non-volatile sem conductor nenory device in 1s
whi ch contents in a single cell or a block of nenory cells are
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-exanpté. increase the number of memory cells per unit area.
Memory devices contain blocks or arrays of memory cells.
A memory cell stores one bit of information. Bits are
commonly represented by the binary digits 0 and 1. A flash
memory device is a non-volatile semiconductor memory device in
15 which contents in a .single cell or a block of memory cells are
electrically programmable and may be read or written in a
single operation. Flash memory devices have the
characteristics of loﬁ.éower'and fast operation making them
ideal for portable devices. Flash memory is commonly used in
20 portable devices such as laptop or notebook computers, digital
audio players and personal digital assistant (PDA) devices.
In flash memory, a charged floating gate is one logic
state, typically répresented by the binary digit 1, while a
non-charged floating gate is the opposite logic state
25 typically represented by the binary digit 0. Charges are
injected or written to a floating gate by any number of
methods, including avalanche injection, channel injection,
Fowler-Nordheim tunneling, and channel hot electron injection,
for example.
30 A memory cell or flash memory cell may be characterized

in terms of its minimum feature size (F) and cell area {(F?).



30 A nmenory cell or flash nmenory cell may be characterized in terns of
its minimumfeature size (F) and cell area (F2). 2 1 JUN 2005 -2 7FoilUN 2005

exanple, a standard NOR flash cell is typically quoted as a ten square
feature cell and a standard NAND flash cell is approximately a 4.5 square
feature cell. Typical DRAM (dynam c random access nenory) cells are

between 8 F2 and 6 F2. s Cell area (F2) is determ ned according to a well
known nethodol ogy and represents the nmultiple of the nunber of features
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3-di mensi onal structures, however few flash nenory cells are fabricated
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usi ng nar, structures. Sone flash ry cel have heen fabricated
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Pat enP¥i42bbe oddughgatieysclsfeatyzr &iigd dse nrasardediendi®nal nenory
cell ppelydi pg a@,oh@ﬁ%% al select transistor. However, the size of the

menmory 25 cell 'is'no small'er than 5F2. Similarly, WO 99/43030 discloses a
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structures or using 3-dimensional structures. The 2-
dimensional structures are also referred to as planar
structures. Generally, 3-dimensional structures yield smaller
cell sizes than planar structures. SRAMs and DRAMs have been

15 designed using 3-dimensional structures, however few flash
memory cells are fabricated using 3-dimensional structures.
Most flash memory cells are fabricated using planar
structures. Some flash memory cells have been fabricated
using 3-dimensional structures, but they are, generally, in

20 the size range of 4.5 F? to 8 F? which are not significantly
smaller than flash memory cells fabricated using planar
structures. For example, U.S. Patents 4,964,080 and 5,495,441
each disclose a three dimensional memory cell including an
integral select transistor. However, the size of the memory

25 cell is no smaller than 5FZ. Similarly, WO 95/43030 discloses
a vertical MOS transistor that includes two gate electrodes.
However, the overall dimensions of the transistor are 6F°.
Relatively smaller dimensions have been realized, such as is
disclosed in U.S. Patent Nos. 5,936,274 and 6,091,105 and

30 Japanese Abstract Laid Open 03280580. However, the smaller

dimensicns are achieved by forming the floating gate in the



However, the overall dinensions of the transistor are 6F2. Relatively
smal | er di nensions have been realized, such as is disclosed in U. 1 JUN 2005
Pat ent Nos. 5,936,274 and 6,091, 105 and 30 Japanese Abstract Laid en
03280580. However, the smaller dinensions are achieved by formng the
floating gate in the 2 I JUN 2005 -3 _sidewall of the same trench that the
vertical select gate is fornmed in. However, this results in the floating
gate formed in a <1 1 1> plane or other plane that has a higher density
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embodiPreht <bf 1t he PhoBft PEnCthcrerdrfe bt hesdissdiicder Smisifshory cel |
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formed over at Least a portion of the drain. According to another
enbodPFERTY of€the invention, a rmenory cell is disclosed. The menory cel
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gate and a vertical select gate. The vertical channel is fornmed over the
20 sovemery Thevieai havingoanedldverephelvacducsld cevard fepiairehori zont al
floating gate is formed over at least a portion of the drain. The
vertical "select gate is fornmed perpendicular to the horizontal floating

gat e. According to cne embodiment of the invention, a memory
cell is disclosed. The memory cell comprises a source, a
vertical channel, a drain and a horizontal floating gate. The
vertical channel is formed over the source. The drain is
formed over the vertical channel. The horizontal floating

15 gate is formed over at least a portion of the drain.

According to another embodiment of the invention, a

memory cell is disclosed. The memory cell comprises a source,
a vertical channel, a drain, a horizontal floating gate and a
vertical select gate. The vertical channel is formed over the

20 source. The drain is formed over the vertical channel. The
horizontal fleoating gate is formed over at least a portion of
the drain. The vertical select gate is formed perpendicular
to the horizontal floating gate.

According to yet another embodiment of the invention, a

25 memory cell is disclosed. The memory cell comprises a first
transistor and a select transistor. The first transistor
comprises a source, a drain and a gate. The select transistor
is coupled to the first transistor and comprises a source, a
drain and a gate. The gate of the select transistor is formed

30 perpendicular to the gate of the first transistor.



According to yet another enbodi nent of the invention, a 25 menor y ﬁhiﬂmf
di scl osed. The nenory cell conprises a first transistor and a sel"ec
transistor. The first transistor conprises a source, a drain and a gate.
The select transistor is coupled to the first transistor and conprises a
source, a drain and a gate. The gatesf the select transistor is forned
30 perpendicular to the gate of the first transistor. 2 1 JUN 2005 -q
According to yet another enbodi nent of the present invention, a nenory

device is Atsctdbeg. tdhee taROYhdeVERBodiRehydes ahkl p¥lesenitype | ayer, a
p-type | ayer and a second_n- type |ayer. The p- g%pe | ayer |s formed over
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the inventi a - nefory ce’l ose € menory

devi ceypenclayghkss. a Therpzoppal 1&vest ia- fgppacapeer ahe- thipetl ayerypea
hori zontal second n-type |ayer, a horizontal floatlngﬁpate and a verti cal
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substy At fdenih céygevé@yggalscﬁgﬁﬂgg over the first n-type layer. The
horlzontal second n-type layer is forned over the p-type layer. The
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the invention, a 20 nenory device is disclosed. The nenory device
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select gate. The horizontal first n-type layer is formed over
a substrate. The p-type layer is formed ovexr the first n-type
layer. The horizontal second n-type layer is formed over the
p-type layer. The horizontal floating gate is formed over the
15 substrate. The vertical select gate is formed over the
substrate. The p-type layer formed a vertical channel. The
first n-type layer forms a buried source and the second n-type
layer forms a drain.
According to yet another embodiment of the invention, a-
20 memory device is disclosed. The memory device includes a
buried source, a vertical channel, a drain, a floating gate
and a select gate. The buried source is formed over a
substrate. The vertical channel is formed over the buried
source. The drain is formed over the wvertical channel. The
25 floating gate is formed over the substrate. The select gate
is formed perpendicular to the floating gate in a trench
formed in the substrate. The memory device has a square
feature size of 2F°.
According to yet another embodiment of the invention, a
30 memory device is disclosed. The memory device includes a

substrate, a first n-type layer, a p-type layer, a second n-



and a select gate. The buried source is forned over a substrate. The
vertical channel is forned over the buried source. The drain &1 {igN pggl
over the vertical channel. The 25 floating gate is forned over the
substrate. The select gate is forned perpendicular to the floating gate
in atrench forned in the substrate. The nenory device has a square
feature size of 2F2. According to yet =anot her enbodi nent of the invention,
a 30 nenory device is disclosed. The nenory device includes a substrate,
a first n-type layer, a p-type layer, a second n 2 I. JUN 2005 -s type
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secom*ymtgayefayerfsrmsdfovaedthéesubberptéypeTﬂmy@ntyﬂuaﬁdyﬁnlmg gat e
is formed _over the substrate. The_trench |% formed jn the s%?strate The
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menory eV|ce |nc udes st n-type layer, a p-type layer, a second
n-typevémayehe subserate. tr@hehtran\zhr tiscdbryeldedtn gdtee sudisgindtines, a self
alig d fl oati ng gate.an I i nes yp er is .fornmed over the
n-ty ec%h%ggﬁcbﬁdgﬂrpﬁ OFa?eﬁlggwgﬂg ﬁgdt%% HEWRype ayer. The
sel ect ”%@ébi—éllf@r%dyéﬂ dsothersubsbrahentThe erd iiGalerfelact pate is
formed in the select trench. The digitlines are forned over the second n-

t ype memery d¢eicel isafigréasetioat Thg gaierys degimed iamdudsafe 2 n-type

layerg; The Wordlingsyare Lopmed,aveh ke SUBRLLAE AMdpe 1ayer, a
select trench, a vertical select gate, digitlines, a self
aligned floating gate and wordlines. The p-type layer is
formed over the n-type layer. The second n-type layer is
formed in the p-type layer. The select trench is formed in

15 the substrate. The vertical select gate is formed in the
select trench. The digitlines are formed over the second n-
type laye;. The self aligned floating gate is formed over the
n-type layer. The wordlines are formed over the substrate and
the digitlines.

20 According to yet another embodiment of the invention, a
memory device is disclosed. The memory device includes a
first n-type layer, a p-type layer, a second n-type layer, a
select trench, a tungsten layer, a spacer, a tunnel oxide
layer, a polysilicon layer and an oxide layer. The first n-

25 type laver is formed over a substrate. The p-type layer is
formed over the n-type layer. The second n-type layer is
formed over the p-type layer. The select trench is formed in
the substrate. The vertical select gate is formed in the
select trench. The tungsten layer is formed over at least a

30 portion of the second n-type layer. The spacer is formed over

the tungsten layer. The tunnel oxide layer is formed over at



the digitlines. 20 According to yet another enbodi nent of the invention,
menory device is disclosed. The nenory device includes a firsty @ PNﬁ

| ayer, a p-type layer, a second n-type |layer, a select trench, @Et

| ayer, a spacer, a tunnel oxide |ayer, a polysilicon |ayer and an oxi de

| ayer. The first n 25 type layer is formed over a substrate. The p-type
layer is fornmed over the n-type | ayeré The second n-type layer is forned
over the p-type layer. The select trench is forned in the substrate. The
vertical select gate is formed in the select trench. The tungsten | ayer
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a the substrate. A trench is formed in the memory device. A

select gate is formed in the trench.

According to yet another embodiment of the invention, a
method of fabricating a buried source is disclosed. A wafer
is provided having a substrate. A periphery of a wafer is

15 covered using an array mask. Source areas are doped with a
dopant. An epitaxial deposition is performed to form a p-type
channel .
According to another embodiment of the invention, a
method of fabricating a memory device is disclosed. A wafer
20 is provided having a substrate. A buried sources is formed
over the substrate. A vertical channel is formed over the
buried source. A cell implant is performed. A tunnel oxide
layer is formed over the substrate. A first poly layer is
formed over the tunnel oxide layer. A nitride layer is formed
25 over the first poly layer. Wordlines are patterned into the
memory device. STI areas are formed in the memory device.
The nitride layer is removed. An oxide nitride oxide layer is
formed over a surface of the memory device.
According to yet another embodiment of the invention, a
30 method of fabricating a memory device is disclosed. A wafer

is provided having a substrate. A buried source is formed



dopant. An epitaxial deposition is perfornmed to forma p-type channel.
According to anot her enbodi nent of the invention, a nethod of fabricating
a menmory device is disclosed. A wafer 20 is provided having a subis{UNaz0gs
A buried source is forned over the substrate. A vertical channel is forned
over the buried source. Acell inplant is performed. A tunnel oxide

| ayer is forned over the substrate. A-first poly layer is formed over the
tunnel oxide layer. A nitride layer is formed 25 over the first poly

| ayer. Wordlines are patterned into the nmenory device. STl areas are
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nitride_oxi.de | ayer i rmed over, a surface .of t nenory devi ce.
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substrate. A buried source is fornmed 2 1 JUN 2005 -7 over the substrate.
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trenchorpedoi Bl Fhe PSTEBENEICHEE: t Re Woaiddiime Acc Srimaf 1 einoier
enbodjpept, of the invention, a nethod of fabricating a nenory device is
di sclosed. A buried source is forned in a substrate. A vertical channel
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method of fabricating a memory device is disclosed. A buried
source 1s formed in a substrate. A vertical channel is formed
over the buried source. A STI area is formed in the memory
device. A self aligned floating gate is formed over the
substrate. Wordlines are formed over the substrate. A spacer

15 is formed over the wordlines. Rowlines are formed over the
substrate. A select gate is formed in a select trench in the
substrate.

The methods and devices disclosed, along with variations
of them, provide for memory devices having square feature

20 sizes as small as 2F’. Such square feature sizes can permit
large memory devices, on the order of a gigabyte or larger, to
be fabricated on one chip or die. The methods and devices
disclosed, along with variations of them, represent a three
dimensional fabrication scheme.

25 The following detailed description of the present
invention can be best understood when read in conjunction with
the accompanying drawings, where like structure is indicated
with like reference numerals.

Figure 1 illustrates a top view layout of a memory device

30 according to one embodiment of the present invention;



device. A self aligned floating gate is forned over the substrate.
Wrdlines are forned over the substrate. A spacer is is forned over the
wordlines. Rowlines are formed over the substrate. A select gatk! N 2005
formed in a select trench in the substrate. The nethods and devices

di scl osed, along with variations of them provide for nmenory devices
havi ng square feature 20 sizes as snmal$- as 2F2. Such square feature sizes
can permt |arge nenory devices, on the order of a gigabyte or larger, to
be fabricated on one chip or die. The nethods and devices disclosed,
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sche | . ow ng, det.ai | ed ription of .the present, .invention
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Figure 1 illustrates a_top view |ayout of a menory device 30 according to
one enbodi FRART8f 2Bhé 1presERt sisnfe FEIOSS, SBCL IPUNIOEH men® 1y qlanel GA

il ustraLes; AqCLRS ect | . Of vice, accordi.ng to. qgne
erbodt ont 35fo; S SpBC bRt B R e B 0 T he I 24 of
figureeferéngar eo2Binkl ostepat e$ diguess 15ection of a nenory device 5
according to one enbodinent of the present invention with reference to
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reference to Tine 2C—2% of figure 1; Figure 2D illTustrates a cross section
of a mehergndevteceline 2C-2C of figure 1;

Figure 2D illustrates a cross section of a memory device
according to one embodiment of the present invention with
reference to line 2D-2D of figure 1;

Figures 3A-3D illustrates a method of fabricating a
memory device according to another embodiment of the present

15  invention;

Figure 4 illustrates a top view of a memory device
fabricated according to the method of figure 3;

Figure 5 illustrates a portion of a memory device at a
selected stage of processing according to the method of figure

20 3;

Figure €A illustrates a cross section of a memory device
at a selected stage of processing according to the method of
figure 3 with reference to line A-A of figure 4;

Figure 6B illustrates a cross section of a memory device

25 at a selected stage of processing according to the method of
figure 3 with reference to line B-B of figure 4;

Figure 6C illustrates a cross section of a memory device

at a selected stage of processing according to the method of

figure 3 with reference to line D-D of figure 4;



according to one enbodi nent of the present invention with reference to
line 2D-2D of figure 1; Figures 3A-3D illustrates a nethod of fabg'lsglmizdﬂgj
a nenory device according to another enbodi nent of the present 1

invention; Figure 4 illustrates a top view of a nmenory device fabricated
according to the nethod of figure 3; Figure 5 illustrates a portion of a
menory device at a selected stage of Pprocessing according to the nethod
of figure 20 3; Figure 6A illustrates a cross section of a nmenory device

at a selected stage of processing according to the nethod of figure 3
with ref e8¢ 0’4 i hel wehrates| qurecas FrgtieneBii Bl memeatesiey igeoss
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6C i Ifigireatsy it lcriostesente ono of ide NRARI yEdEVGaee at a sel ected stage of
pr ocessi ngF_accordi ng, to the method of figure 3 with reference to line D-D
of figure IA9ure HN bhpstrae s JuFECTA FEFE3PRaPEs2aMERETY §€3tiicen of a
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o g & e PG St R Pt Py RESFOF ALY REPhE PechB B 10 Mot s
a crdsgwectd ondi wehenenye devi tenesBaB afséligutred4st age of processing

accor di ngPt.o the %?tlgﬁg of figure 3 wth reference to line B-B of figure
4; Figure 78YIT ust ratesS B aro8s® sEEPronSof - aChefbr § BEPPEY &V 1&Ssel ect ed
st agetofa WeOGaRHSEdD G AeGOT 8 NGréeddengehfedraingf t8UEBeIMMkHR A @frer ence to
line C-C of figure 4;
figure 3 with reference to line C-C of figure 4;
Figure 7D illustrates a cross section of a memory device
at a selected stage of processing according to the method of
figure 3 with reference to line D-D of figure 4;
Figure BA illustrates a cross section of a memory device
at a selected stage of processing according to the method of
15 figure 3 with reference to line A-A cof figure 4;
Figure 8B illustrates a cross section of a memory device
at a selected stage of processing according to the method of
figure 3 with reference to line B-B of figure 4;
Figure 8C illustrates a cross section of a memory device
20 at a selected stage of processing according to the method of
figure 3 with reference to line C-C of figure 4;
Figure 8D illustrates a cross section of a memory device
at a selected stage of processing according to the method of
figure 3 with reference to line D-D of figure 4; and
25 Figure 9 illustrates a computer system in which
embodiments of the present invention may be used.
Figure 1 illustrates a top view layout of a memory device
100 according to one embodiment of the present invention.
This memory device 100 is generally used for flash memory, but
30 can be used for other types of memory as well. This view

illustrates wordlines 104, digitlines 102 and a unit cell or



Figure 7D illustrates a cross section of a nenory device at a selected
stage of processing according to the method of figure 3 with refﬁz@f go
line DD of figure 4; Figure 8A illustrates a cross section of a &U
device at a selected stage of processing according to the nethod of 15
figure 3 with reference to line A-A of figure 4; Figure SBillustrates a
cross section of a menory device at a%elected stage of processing
according to the nmethod of figure 3 with reference to line B-B of figure
4; Figure SCillustrates a cross section of a nenory device 20 at a
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met hadiwimuhi feaeuBewsther efen®noe Fo 1bisnd nDeD fafr=fti Qlimeerds i a@andvi2bcFi gur e

9 illustr S conpuyt er stem.in which enbodi nents of the present
invgﬁF?&Hgtgyogetﬂgea?gFFngg ElFFPu§Fﬁaﬁe§e§9Hﬁ§\ﬁ%ﬁﬁ!Qﬁuﬁﬁ.%ﬁsaUhpnnry
devi cg sé@Eh@CQPﬁQthohowHQ@hengghge@br%ﬁi%@ﬁpﬁ&%%ﬁntTHB”E%#&¥E Thi's
menory device 100 is generally used for flash nmenory, but 30 can be used
for oftemrurgpeszefonehenyuae wekh. oThkbevicewl iild udtusateemiadord i218s 104,

digitlines 102 and uni LI or 2 1 JUN.200 -10 r ell, 101. The
ontt i et T ETbE BB s REndrd, 9t R a0 e B R oy i oo
100. J&wmﬁapebilbasna?rabeisgmﬁgf eatune19gze OfaslH LiadechOndd a first

di mension which is half of the digitline pitch and a feature size of 2F
106 i+ sturskesndetiaibnbrsainhréhhi sefraensedtiond igiuras 2fhe FhuaGe
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201 and drain 203 is formed as a part of the memory cell 101.
The select gate 205 and a floating gate 206 are formed
substantially perpendicular to each other. The select gate
205 of the select transistor and the floating gate 206 make up
15 the minimum feature size of the memory cell 101.
Figure 2A illustrates a cross section of the memory
device 100 along the 2A-2A line of figure 1. An n-type layer
201 is formed over a substrate. This n-type layer 201
operates as a source. A p-type layer 202 is formed over the
20 n-type layer 201. The p-type layer 202 can be formed using
epitaxial deposition or any other suitable fabrication scheme.
One or more drains 203 are formed in the p-type layer 202. A
vertical channel 212 is thus created. A select gate 205 is
formed for each pair of memory cells of the memory device 100.
25 The select gate 205 is formed vertically.
Digitlines 102 are formed over at least a portion of the
drains 203. The digitlines 102 comprise a tungsten layer 210
and a spacer 213 formed over the tungsten layer 210.
Additionally, the digitlines 102 may comprise additional
30 layers such as are described in figure 8A. One or more self

aligned floating gates 206 are formed horizontally as shown in



The nmenory cells of this nenory device 100 are formed using conventional
silicon processing technology. As is described in further detai]_ herein
with reference to figures 2A, 29, 2C and 2D, a select transist THHbﬂMb a
sel ect gate 205, source 201 and drain 203 is fornmed as a part of the
menory cell 101. The select gate 205 and a floating gate 206 are forned
substantial |y perpendicular to each otiéer. The select gate 205 of the
select transistor and the floating gate 206 make up 1s the m ni num
feature size of the nenory cell 1Q1. Figure 2Al Iustrates a cross section

of the'Pehdr9® 8BY| eéemsraﬁaﬁigcmérzﬁoz/shq FE IS [ FeS R0%n nth§pe
Iayerse1291a1§gﬁgamogxghgog§ug§t bl aLh'b% a&ggcaltaeyaera AP hufperates as

a source. A p-type layer orne over t n-type ‘|l ayer 1. The
p-typef | @yes 202hcam bg forrmedgusu fig rsepicbaxdeall adeposivtdorm or any ot her

suitable fabrication,sc re drains, 203 are forned in the
p-t ypRUPEEPL 9022 ROVEr FX&F eﬂﬁﬁnéheggi nal [ Ruse .5 T ect gate

2@5 |§x1cﬁ@rﬂ§feiobvéﬁcﬁhﬁab619f 1 ry aeld sdfs the JRpraadavigg 100. 25
The select gate 205 is forned verfically. Digitlines 102 are formed over
at | eadted poetabn &bt Baethd’eaapblzozeath:eraﬁ gind isvds ligthammplise a

f h I 210.
a1 ot P48 9RE%8: g1 o1 P L8 R AR o Rp e S GIRE0 yer o such as

are deseatd@dusingi guremSAabmees@bc@&r e sdldured iggneadd,| ot iy gat es 206
are formed horizontally as shown in 2 1 JUN 2005 -11 flgure 2A_and are
per pehtt e 5>t 02 RAENSE| BEEMRALe S T2d5b ikt idg fthe isfddd d)ismethg gat es
206 caf,be; hgbgheatedogny nunber  of ways such as by forming a first oxide
| ayer over a

Figure 2B illustrates a cross section of the memory

device 100 across the 2B-2B line of figure 1. One or more
wordlines 104, each comprising a seccond poly layer 209 and a
WSi,x layer 208, are formed over the spacers 213. The spacer
15 213 is formed of a material selected to insulate the wordlines
104 from the digitlines 102. A shallow trench isolation (STI)
area 211 has been formed by etching a trench and depositing a
trench oxide layer and filling the trench with oxide. A TiSi
layer 221 is formed on the STI area 211 and a TiN layer 220 is
20 formed on the TiSi layer 221 below the tungsten layer 210.
Figure 2C illustrates a cross section of the memory
device 100 across the 2C-2C line of figure 1. The vertical
select gates 205 are shown. Figure 2D illustrategs a cross
section of the memory device 100 across the 2D-2D line of
25 figure 1. A boron-doped phosphosilicate glass (BPSG) layer
214 is formed over the STI area 211. A hardmask 215 is formed
over the BPSG 214.
The memory device 100 shown in figures 1, 2A, 2B, 2C and
2D constitutes a 2F° memory cell. It is noted that in
30 fabricating the device 100, removable spacers 216, see figure

2A, may be provided over the floating gates 206 to allow for



substrate, a poly layer over the first oxide and a second s oxide %? ﬁ
over the poly layer. The self aligned floating gates 206 are sub JUN 2005
| it hographic features and sub lithographic floating gates. Sub

| ithographic features are generally created using a renovabl e spacer.
Figures 8A, SB, 8C and 8D illustrate another exanple of fabricating the
self aligned floating gates 206. Figure 2B illustrates a cross section of
the nenory device 100 across the 2B-2B line of figure 1. One or nore
wordl i nes 104, each conprising a second poly |layer 209 and a WS " |ayer
208, wvlelivhagyaphyr tpngesﬁﬁ§§lﬂ§’1213 Thve mmeo@dliss melss fOrrerof a

| | 104 f digitli 102.
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oxide.. ATiSi layer 221 is formed on the STl area 211 and a Ti N | ayer 220
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line of 25 figure 1. Aboro d phosphosilicate glass (B | ayer 214
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constitutes a 2F2 nmenory i's noted that 1n 30 fabrlcatlng t he
devi cenapeasedndvabke §bacéﬂ9321@9 ged o i2f\fr deizy dimediel prakvdded over
the 108t} 09 98L$SA%8nkY ghhow for 21JUNIO0S - 12
Figures 3A, 3B, 3C and 3D illustrate a method of
fabricating a memory device according to another embodiment of
the present invention. An array mask is used to cover a
periphery of a wafer at block 301. Buried sources 502, see
15 figure 5, are implanted with a dopant at block 302. The
dopant used can be As or Sb. An anneal is performed at block
303. The wafer is cleaned at block 304. The wafer can be
cleaned using any number of methods such as by using
hydrofluoric acid (HF). An epitaxial deposition (EPI) is
20 performed at block 305 to form a p-type channel 503 of a
desired thickness, see figure 5. The desired thickness sets
the channel length. The EPI is performed with a dopant such
as boron.
Figure 5 illustrates a cross section of the memory device
25 at this stage of processing. Figure 5 shows a p-type
substrate 501, buried sources 502 and a p-type channel 503.
Figure 4 is a top level view of a memory device
fabricated by the method of figures 3A, 3B, 3C and 3D. The
view shows a memory cell 405, wordlines 404 and digitlines
30 402. The view also shows cross sectional lines A-A, B-B, C-C

and D-D which are described in further detail below. Figures



subl it hography to be possible. The renovabl e spacers 216 are nerely
illustrated with broken |Iines because they have been renoved. Only one
renovabl e spacer 216 is shown to preserve clarity. The placenentzdrumdﬂ%
sel ect gate reduces over 5 erasure. Over-erasure is a condition that
commonly occurs in flash nmenory cells in which Vt is caused to go below O
whi ch causes a transition and conduct'$"or shorts a columm of nenory
cells to ground. Additionally, programm ng efficiency is increased due to
the floating gate 206 being directly above the vertical channel 212.
Fi gureR-8R I13BusBEahRJCIDSH| Bestisrs &imst My deapdeaf g nenory
devi di . anot he i.en [ resent . tion. An array
mask séﬁggg %§9%%€é§ﬂa5@pgyﬁg%%%;@%fbgﬁﬁ% egﬁhﬁhgiggﬁn%g%gnﬁ%?ied sour ces
502, sekems Hfguhe preaesti dpentddrnwi th a dopant at bl ock 302. The

an be As or..Shb. An anneal is perfarmed at bl ock . 303. The
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deposition (EPI) is 20 perfornmed at block 305 to forma p-type channel 503
of a odesiaecgubhtrihess§08sat bilgoke387.Thd desistegclhi dleness &8 sis t he

channgl_length. T EPl is.perfarmed wt dopant_ su as .boron. Figure
5 illﬁ% ?%@e%V%?c?ggSE¥88F908X6%eFﬁ§YﬁEth3 &gv%gQCiégngf tHts stage of
processt Pgde FlLgWee In8RO0BBOANP- t¥PE orels bralie peldlit dardrd- sqw ces 502 and

a p-type channel 503. Figure 4 is a top |level view of a nenory device
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nitride layer, first poly layer 605 and a trench are etched at
block 311 to form STI trenches or areas 607. A shallow trench
igolation (STI) oxide layexr (not shown) is deposited at block
312. The STI oxide layer rounds out the corners of the trench

15 607. The STI trench 607 is filled with oxide at block 313.
The surface of the memory device is pclished or planarized
using mechanical planarization at block 314. An exemplary
type of mechanical planarization which can be used is a
chemical mechanical planarization (CMP). The polishing makes

20 the surface of the memory device planar.

The nitride layer is removed at block 315. An oxide
nitride oxide (ONO) layer 606 is formed over the surface of
the memory device at block 316. Figures 6A, 6B and 6C show
the memory device at this stage of the method and, more

25 particularly, show the floating gate 610 and it's alignment to
the S8TI areas 607. This alignment makes the floating gate 610
a self aligning floating gate.

Figure 6A illustrates a cross section of the memory
device in the process of fabrication with reference to the A-A

30 line of figure 4. The tunnel oxide layer 604 is shown formed

over the silicon substrate 608. The first poly layer 605 is



and D-D which are described in further detail below Figures 2 1 JUN 2005
13 6A-SD illustrate cross sections of a nenory device of the ;f ﬁ@i

i nvention at successive points in the fabrication schene of th E éﬂ%
invention. Referring to figures 6A, 6B, 6C and 3B, a cell inplant is
performed at bl ock 306. A tunnel oxide |layer 604 is formed over a
substrate 608 at block 307. A first pofy layer 605 is formed over the
tunnel oxide |layer 604 at block 308. A nitride |layer (not shown) is
formed or deposited over the first poly |ayer 605 at hlock 309. Areas for
t he iGPdIe®elvap4thyreupaet epiedei Aﬁaefhéoﬁermﬂ\?edélbﬁocéaa'tevo|% 1$0. The
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| ayerc{owd sdowigni sf deposintedrat dolvdck i312heTpeocSElssoxifde | ayer rounds
out the corners of the trench 15 607, The_ STl trench 607 is filled with
oxi deFBRTIFRkon 1%l thThef €GrRgEetBf thRe BiBnary Geli dd1SS S i or

pkanyf i zeph ; USLRGEBRERNE A8 oRbang mﬁ%b?:a%'o@nhéts ol Bl An exenpl ary
type of nechani cal planarization can be used is a chenica

nechawcatopt @ahasnd avéoni ¢c&MPporThenpol | Fhgngemekes 1AM stthratsaws faace of the

devi ce pl tride ] d at black 315. An oxid
IR ST OF e BBBFY FEPAGH Ofer (EnbTSiAPRE ol Lhe momory

devi ceatsti ®h©OCkn Skbeh Fropeesnbd, £6BrtardpbE shaw drheikpiey v daid ce at this
stage of the nethod and, nore 25 gartlcularly, show the floating gate 610

and ighaws ta@n®Ri eveat hR7STVerr €8S 60PSLTRLS &0fgnnent nmkes the
- floating Q@é@e?&?ngatéek§g8£é9“589 Bh?agb?g7%a%%d 7D, & boron-doped

phosphosilicate glass (BPSG) layer 717 is deposited at block
318 over the ONO layer 606. Rapid thermal processing (RTP) is
performed on the memory device at block 319. RTP subjects the
memory device to a short, controlled thermal cycle. The

15 surface of the memory device is optionally polished by using
mechanical planarization again and a hardmask layexr 710 is
deposited at block 320.

The digitlines or active area 402 of the wmemory device

are patterned at block 321. The digitlines or active area 402

20 are etched at block 322 down to the tunnel oxide layer 604 to
form a trench or active trench 718. The hardmask layer 710,
BPSG layer 717, ONO layer 606 and first poly layer 605 of the
trench 718 are etched away, but the tunnel oxide layer 604 is
not etched. A first spacer layer is deposited and etched at

25 Dblock 323 to vertically form first spacers 711. Drains 714
are formed in the active areas or columns by implanting a
dopant at block 324. Another RTP is performed at block 325.
TiSi 713 and TiN 712 layers are formed over the drains 714 at
block 326. The TiN 712 and TiSi 713 layers are formed

30 horizontally and vertically in the active trench 718. Another

RTP is performed at block 327. A tungsten layer 716 is



Figure 6A illustrates a cross section of the nmenory device in t% Brocess
of fabrication with reference to the AAA 30 line of figure 4. T 1 94Mh R85
oxi de layer 604 is shown formed over the silicon substrate 608. The first
poly layer 605 is 2 1 JUN 2005 -14 forned over the tunnel oxide |ayer
604. The ONO | ayer 606 is fornmed over the first poly layer 605. Figure 6B
illustrates a cross section of the rmeérbry device in the process of
fabrication with reference to the B-B and CGC lines of figure 5 4. This

shows _how the ONO | ayer 606 has formed into horizontal and vertical
port i SPROSFrgdrevet theudfrkavesageasr 6¥s Coddtingn if thee aRiniors device in

t he g i W t L et | of figure 4 and
shovvspﬁtjﬁgé%T?i%r%gb%%ﬁéovgrasfheplsel%gégrlgt%g g&%.n%%gfze%rtﬁéﬁlgqleso figures 3C,

7A, TR:rficraed D, thebeenorgopfesdicphesphasit! ittt e wglasser( BRS@r |ayer 717
is deposijed at bl ock 31%[%& the ONO | a 606. Rapid thermnal

procesSi RPERFPI1ER therp BSBnthE’lf?EﬁogérgdeviT@@ OB EL Y ERTP
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surface of the nenory device is optionally polished by using nechanical

pl anat32at i deceoydi sprapdra fAabdeuskdeppen t280 over ddpodivregstan blagoks 320.
The digitljne ive..area 402 .of the nmenory i are patterned at
bl ok’ St TREoGk L1 netRhr daePhoe sRrEE R0T L 56 dre ERG HEF bl Gk 322
down teehidie sontieé BXigRt! 8YerhB04ctoviormead brereh WwinsGid ve trench 718.

The hardmask | ayer 710, BPSG | ayer 717, ONO | ayer 606 and first poly
| ayeraBRsoBimakelytegneh resthepehetiohtdodndire bard makuntd - oxi de | ayer

604 s not,gtghgde1 fhlLr §boSPRREL1LAY Bhe' 3AGRRS L AN -Alehgd at

the tungsten layer 716. The digitlines 402 are insulated
because of the second spacers 715. Figures 7A, 7B, 7C and 7D
illustrate the formation of digitlines 402. Figure 7A shows a
cross section of the memory device in the process of

15 fabrication with reference to the A-A line of figure 4. The
BPSG layer 717 is formed over the ONO layer 606. The hardmask
710 is formed over the BPSG layer 717. The first spacers 711
are formed vertically adjacent to ﬁhe BPSG layers after the
trench 718 has been etched away. The tungsten layer 716 is

20 formed over the Ti layers, TiN 712 and TiSi 713. The second
spacers 715 are formed over the tungsten layer 716 in the
trench or active areas 718. Figure 7B shows a cross section
of the memory device in the process of fabrication with
reference to the B-B line of figure 4. Figure 7C shows a

25 cross section of the memoxry device in the process of
fabrication with reference to the C-C line of figure 4.
Figure 7D shows a cross section of the memory device in the
process of fabrication with reference to the D-D line of
figure 4.

30 Referring to figures 3D, 8A, 8B, 8C and 8D, the hardmask
layer 710 and BPSG layer 717 are removed or etched from the



25 bl ock 323 to vertically formfirst spacers 711. Drains 714 are]jmvﬂﬁ?
Iin the active areas or columms by inplanting a dopant at bl ock g X

Anot her RTP is perforned at block 325. TiSi 713 and TiN 712 | ayers are
formed over the drains 714 at block 326. The TiN 712 and TiSi 713 | ayers
are formed 30 horizontally and vertically in the active trench 718.
Another RTP is perfornmed at bl ock 3775 A tungsten layer 716 is 2 | JUN
2005 -15 deposited over the active areas or columms in the active trench

718 at bl ock 328. Mechani cal Slanarization i_.s perfornmed on the nenory
devi cECE81tR&E £A& RhngsPER Pdfer P1EEMYIRESHPANGH G4 Hardmask at

bl Odeé’égsiﬂ_QS Lungstep hayer éniggo&]%_ et e hdhal,y appraxbemtghy hal f

is renoved at bl ock 330. Second acers 715 are deposited over the
tungstee fageres7i6 ptrebkovk 833rithe s&bendespawdris Eimdear [82helisest of

the trench so e height of the active area or ,col s is a oxi nat el
equal €to"¢E eaﬁeﬁ’gﬂfﬁo;ggf*he %ﬁrEeﬁﬁgklo\%fo.seiﬁé:%ditgrieﬂu%measiDZO%(F:) ‘?T%%’ﬁ?@e t%e
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i nsul ated because of the Second spacers 715. Figures 7A, 7B, 7C and 7D
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The first spacers 711 are_forned vertically adjacent tq the BPSG | ayers
af t erthReSUFFRAENCT18DRa8HEER LEERES ALy ThERIGERAMY e 1%t s 20

for megdg 0f8£meaeot$'ﬁg' AYEr SurfhMNe’L2 and Heﬁorél%ev-rik&ee segand g sRacers 715

are formed over tungsten layer 716 in
select trench 820 and a WSix layer 823 is deposited over the

second poly layer 821 at block 338. The second poly layer 821
is also referred to as the wordline poly. The second poly
layer 821 and WSi, layer 823 are patterned at block 339 and

15 etched at block 340. By etching and removing the removable
spacer 825, the second poly layer 821 and floating gate 605
are capacitively coupled. Figures 8A, 8B, 8C and 8D show
wordline 404 formation. Figure 8A is a cross section of the
memory device in the process of fabrication with reference to

20 the A-A line of figure 4. The select trenches 820 have a
layer of select gate oxide 822 and are filled with the second
poly layer 821. The removable spacer 825 has been removed.
The second poly layer 821 is shown in the select trenches 820
and other areas. Figure 8B is a cross section of the memory

25 device in the process of fabrication with reference toc the B-B
line of figure 4. The wordlines 404 are shown and comprise
the WSiy layer 823 formed over the second poly layer 821 formed
over the second spacer 715. Thus, the rowlines 404 are
insulated from the tungsten layer 716 by the second spacer

30 715. Figure 8C illustrates a cross section of the memory

device in the process of fabrication with reference to the C-C



trench or active areas 718. Figure 7B shows a cross section of the nenory
device in the process of fabrication with reference to the B-B l”‘?UN’fZﬂUS
figure 4. Figure 7C shows a 25 cross section of the nenory device in the
process of fabrication with reference to the CC line of figure 4.

Figure 7D shows a cross section of the menory device in the process of
fabrication with reference to the D-D*fine of figure 4. 30 Referring to
figures 3D, 8A, 8B, 8C and 8D, the hardnask |ayer 710 and BPSG | ayer 717
are renoved or etched fromthe_ 2 1 JUN 2005 -16 wordlines 404 at bl ock
332. Wlﬁ%n%f/a%’r%“%%a%er Bbs ?§1e8§p6§?P§Be§t 8B 00 R S3FOW y B ¥ %novabl e
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et chipgotdes GO fayeics0bonf wish pefgreayer t605het et Unmed ofoxi de 604 and
silicon to a desired depth at block 335. The remaining portion of the
renovab? e Sphcer 825 is removed at bl ock 336. A select transistor oxide

| ayer 822 ﬁﬁ%@é@dignmt he1syetaceonl ofhe %%H?Qﬁtetrr R SR G 1A spaond
poly layer 821 is formed over the surface of the nenory device, including

the <@ eesetardche8reedndighvsinbodayentg28fi $hegepasiseat overenthieon second
poly | éarcg%l érblsocge%%anTge se on?j(tgol ynl ayer 8281e is also referred
to as the Worarrne p%'F'y. THé"s8Eofd 88 y pI’aygr Qﬂ( and Wi, | ayer 823 are
pat t gisedhal d btoekuBa andths etirbed Ak BEeakL34QppBedEtahidigyand renovi ng
t he renovabl e _ spacer 825, the second poly layer 821 and floating gate 605
are cEpRestivbiyedolipl Bae £Frfur EBespaomBBtesCSYSd ©8D oW Wt dl i ne 404

fomﬂﬁﬁéﬁhdgqﬂﬁﬁe9§@,iﬁaQsC&8ﬁ8r§e§&%9nngib%%ral devices 918, and
I/0 devices 920 in communication with a microprocessor 922 via
a data bus 924 or ancther suitable data communication path.
The memory devices 914 and 916 can be fabricated according to
the various embodiments of the present invention, including

15 memory devices having a square feature size of 2F°. ROM 914
can include EPROM or EEPROM or flash memory. Mass memory 916
can include DRAM, synchronous RAM or flash memory.

The present inventor recognizes that other 3-dimensional
memory cells place the floating gate in the sidewall of a

20 trench in the <111> plane or other planes which have a higher
density of bonds. This placement typically results in an
inferior oxide resulting in retention, cycling and trapping
problems with the memory cell. The present invention
generally places the floating gate in the <100> plane thereby

25 avoiding the aforementioned results.

For the purposes of describing and defining the present
invention, formation of a material "on” a substrate or layer
refers to formation in contact with a surface of the substrate
or layer. Formation "over” a substrate or layer refers to

30 formation above or in contact with a surface of the substrate.

A "flash memory device” includes a plurality of memory cells.



menory device in the process of fabrication with reference to 20 the A-A
line of figure 4. The select trenches 820 have a |ayer of select 33@&

oxi de 822 and are filled with the second poly |ayer 821. The ren% &l
spacer 825 has been renoved. The second poly layer 821 is shown in the
sel ect trenches 820 and other areas. Figure 8B is a cross section of the
menory 25 device in the process of fabfication with reference to the B-B
line of figure 4. The wordlines 404 are shown and conprise the WS . |ayer
823 fornmed pver the second poly |layer 821 formed over the second spacer
715. THASD tTRMPBM FHeS &34 carfd asthdigmaed 496h5¢ hea R uRgSPEASPayer 716 by
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JUN 26¢05dline,| chenoklf rggiens. aTlseuselee ctsetlrferdhiem 8P s@nircs hawd.a Fi gur e
8D iIIustratﬁﬁpa cross,section, of, the nenDQ% device in the process of

' f

f abri ¢58#+Bn F FEFEY St SRR BT OOoNG | QhreC%e 8teP§ubkay is an

il usteationiaf cAeCoBRBlEl sYskeme®l2d halrt i Use Bk be uspdowith
enbodi ments of the present invention. he conputer system can be a
desktppttasnnogkprseress, inandlel dncompbtyert her named iKeot deasiking be
appreciated by ,those skilled in_the.art, .the conputer_.system 912 ul d
inclu %g 91&?°E8§%t§8ﬁ6?§g§1éﬁdngF5ﬁéﬁ§P° §§9§ é¥§¥‘§ﬁa“ ﬁﬁé&gevices
920 i alconvungaakl oreMétd tto Nd GHOPRGPEEIEVE c2¢h¥ka taedaldebus 924 or

anot her suitable data conmunication path. The nenory devices 914 and 916
can belegbFPegeeargcéBrupaglesorens hgasicors eddcdi Lfugiene g¥esent

 nventago, | RA! UhAh IO STPIDTHY P W AU roal el eatipe size of
designed to minimize stress in the crystal structure of the
wafer. An "epitaxial deposition” (EPI) involves depositing a
- layer of high-quality, single-crystal silicon on a wafer
surface to form a base. The term "rapid thermal processing

15 (RTP)" refers to a process that subjects a wafer to a short,
yet controlled, thermal cycle which heats the wafer from room
temperature to a high temperature, such as 1200°C, in a few
seconds.

Many other electronic devices can be fabricated utilizing

20 various embodiments of the present invention. For example,
memory devices accerding to embodiments of the invention can
be used in electronic devices such as cell phones, digital
cameras, digital video cameras, digital audio players, cable
television set top boxes, digital satellite receivers,

25 personal digital assistants and the like. Additionally, large

capacity flash memory chips can be fabricated. For example, a

0.45u2ce11 can be realized in 0.15p technology using a 2F?
memory cell.
Having described the invention in detail and by reference
30 to preferred embodiments thereof, it will be apparent that

modifications and variations are possible without departing



can include EPROM or EEPROM or flash nenory. Mass nenory 916 can include
DRAM synchronous RAM or flash menory. The present inventor recogpizes
that other 3-dinensional nenory cells place the floating gate in t HEN 2005
sidewal | of a 20 trench in the <111> plane or other planes which have a

hi gher density of bonds. This placenent typically results in an inferior
oxide resulting in retention, cycling *3nd trapping problenms wth the
menory cell. The present i nvent i on generally places the floating gate in
the <100> Iane t her eby 25 avoi di ng.the aforenentloned results. For the

purpo%%%m hee3ErPPHi A %ﬂﬁ BERPRMAgiNNETprEReAE ingFeAt &P formation of a
mat erjalen®8d &1 8URStT abenak lsﬂi%ébléefrﬁfzértlglgo'?rﬁ%t Hen éd}bsq:qrﬁ_?c%td with a

surface of the substrate or layer. Formation "over" a substrate or |ayer
r ef eroxr ot 39s¢ osprtibhcabbdyereritrdcbatract. manraesamEd@e athet he

substrat e. flash nmenory dev includes a plurality nory cells.
T AP SoEEt e WY e CORRNBFY BB FEMOFCHOP SOk ST e dad S conpr | e
C@NPORLHL S §4CHr a§eAngAl 6m . T | RAkL BEcHAY 8y, CORNEY! dBpkeits WRRAIHee, channel
region, a source, self aligned source and a drain. The term"patterning"

ref eret ibioed beshoee thepe shacifscpédyl stehedhe Gemevalllof, sel ected
Por 190500 o | 8VET SouTles nPALLELD! A9 PLAGESS i cRlLSQlnown by fie, narres

phot o i hg, |ng, hograp y and mcCro thography e term
"sel f- aligned gate refers to a nmenory device where the gate el ectrodes
are formed before the source/drain diffusions are mnade- An "anneal" is a

hi gh tenperature processing step designed to mnimze stress in the
crystal structure of the wafer. An "epitaxial deposition” (EPI) involves
depositing a



| ayer of high-quality, single-crystal silicon on a wafer surface to form
a base. The term"rapid thermal processing is (RTP)" refers to a pidorRIs;
that subjects a wafer to a short, vyet28ontrolled, thermal cycle which
heats the wafer fromroom tenperature to a high tenperature, such as
1200C, in a fesgyﬁec§nds..whny other el ectronic devices can be fabricated
utilizing 20 VAPASE2RHHS nents of the present invention. For exanpl e,
menory devi ces according to enbodi nents of the invention can be used in
el ectroni c devices such as cell phones, digital cameras, digital video
carmeras, di &idaemerdicellgbmpeasisg: cabl e tel evision set top boxes, digita
satellite rg&g&gers, 25 personal digital assistants and the I|ike.

Addi tional |y, %ge capacity flash nmenory chips can be fabricated. For

exanpl e, a aSuthbimtiaRy ve€idl dhenked Fdnt@bviePtd-sdmxck.echnol ogy using a 2F2
menory cell. Having described the invention in detail and by reference 30

to pref grre@d@%mﬁ@r thpaeiionl channalj and be apparent that ~nodifications
e A WEIATE S e oo

scope of the present’ i nvention

sui t abl e nedqaareafesturmsizdef the betridryteldis dRkrdah@sinameci fically recited
herein. For exanple, the substrate nay be conposed of sem conductors such

as galliums arsenide or germanium Additionally, other dopants may be
utilized besifRméNoSCHRFCIAimG2 rally.....dgpants are found
in groups IIl and V ofethe 6%ri6g%%“%gE&ggugggggfggﬁﬁlﬁﬁﬁgqmﬁﬁat i's
clainmed is:

3. The memory cell of claim 1, wherein the horizontal floating gate comprises a sub

lithographic floating gate.

4. The memory cell of claim 1, wherein the horizontal floating gate comprises a sub

lithographic floating gate defined by a spacer.

5. The memory cell of claim 1, wherein the horizontal floating gate comprises a self aligned

floating gate.

6. A memory cell comprising:

a source;

a substantially vertical channel formed over the source;

a drain formed over the vertical channel;

a substantially horizontal floating gate formed over at least a portion of the drain; and

a substantially vertical select gate formed substantially perpendicular to the horizontal
floating gate in a trench, wherein the select gate is adjacent to the vertical channel, and the

memory cell defines a square feature size of less than 4F>.

7. The memory cell of claim 6, wherein the memory cell has a minimum feature size

corresponding to the horizontal floating gate and the vertical select gate.

8. The memory cell of claim 6, further comprising a select source and a select drain coupled



1. Anenory cell conprising: a source; a substantially vertical channel
formed over the source; a drain formed over the vertical channe}; japdg
substantially horizontal floating gatezfornmed over at |east a portion o
the drain, wherein the square feature size of the nmenory cell is not
greater than 2F2. 2. The nenory cell of claim1, wherein the source

conpri ses dolile sadert galgewhesin thh eclagtrsonnge ctbe beledt gateainthtie saMue dedin foiea select
hori zontal floating gate conprises a sub [lithographic floating gate. 4.
The merory F8PPSt claim 1, wherein the horizontal floating gate comprises
a sub lithographic floating gate defined by a spacer. 5. The menory cell
of claim1, wherein the horizontal floating gate conprises a self aligned
floati ng gat dheanemonyeab of clagmn 6, edasii Hie mpmory cslb hacesquarsithsrasize abt greater
vertical ch A}Eﬂf-z fornmed over the source; a drain forned over the vertical
channel ; a substantially horizontal floating gate fornmed over at |east a
portion of the drain; and a substantially vertical select gate forned
substantial ]y perpendicular to the horizontal floating gate in a trench,
wher ei n t hel& &t Bemogasel pamprisiegent to the vertical channel, and the

menory cell i aﬂﬁ?’? | 7 l.ess The nenory
cel | of clal ﬁﬁ%?ﬁﬁset?rel n %%%#é@gﬁr%ﬁ%@agﬁ% Wlhgr}u%% 'ﬁgg%f;% ag??gam

cor r espondi arg atrangddesuhstantzdiyt aktidallp ahd g gad B famaed dudsturtidllycidrizoatatigt
gate. 8. The ,menpr ell of claim®6, further conprising a select source
and°a sel ecindatiphed Sisfacst IG5 BORPBObHE sl QRIS Bagt darbon haKo! n
the select gqueed the select gate and the select drain forma sel ect

transistor. 9. The nmenory cell of claim6, wherein the nenory cell has a
squar e f eatasateds traasipior coppest torthe firshfrasitor, ¢Ompsing aveyrceal draoangrd si ng:

gate, wherein the gate of the select transistor is formed substantially vertically and
perpendicular to the gate of the first transistor relative to a vertical plane, and the

memory cell defines a square feature size of less than 4F>.

11. The memory cell of claim 10, wherein the drain of the first transistor has an upper
surface and a lower surface and the source of the first transistor has an upper surface
and a lower surface and the upper surface of the source of the first transistor is

located below the lower surface the drain of the first transistor.

12. The memory cell of claim 10, wherein the source and drain of the first transistor

are shared as the source and drain of the select transistor.

13. A memory device comprising:

a horizontal first n-type layer formed over a substrate;

a p-type layer formed over the first n-type layer;

a horizontal second n-type layer formed over the p-type layer;

a horizontal floating gate formed over the substrate; and

a vertical select gate formed over the substrate, wherein the p-type layer forms a
vertical channel, the first n-type layer forms a buried source and the second n-type

layer forms a drain and the memory device has a square feature size of less than 4F2.



a first transistor conprising a source, a drain and a gate, wherein the
source and drain are arranged substantially vertically and the dat &N 05
formed substantially horizontally andZpositioned such that at |east a
portion of the gate overlies at |least a portion of the drain; and a
select transistor coupled to the first transistor, conprising a source, a
drain and a gate, wherein the gate of the select transistor is forned
substantially vertically and perpendicular to the gate of the first
transistor relative to a vertical plane, and the nenory cell defines a

squar e feat ur Bt 9he énddhoryeiesict bfiblatr 12, whdreinthe vereioglisgleceddte Bffofthad m 10,
wherein the dr“gin of the first transistor has an upper. surface and a

| ower surf aceSURRantal Respendacular to the horizenta) Heafngaty andthe Hpatinmeate ur f ace
and a | ower ce of the first
t ransi st or i?ﬂ gg%?%?%e%sg\%d?ﬁg@%g%{tﬁ%%@%gb%ﬁ@s%%i n of the f: rgt

transistor. 12. The nenory cell of claim 10, wherein the source and drain
of the first gsr%r&si stor , are shared as the source and drain of the sel ect
transistor. 13- SAMFOeERY (eVACR SURPIS®r i sing: a horizontal first n-type

layer fornmed pyfktrite HPHE 015t ond sBmicdbREudtayerf Or med over the first
n-type layer; a horizontal second n-type |layer formed over the p-type

| ayer; a hora fisshndypd lapertformedyones theosubetdatever t he substrate; and a

vertical select gate fornmed over the substrate, wherein the p-type |ayer
forms a vertall%é’?pcclﬁgeﬁﬁéﬁr?eqwé’r%l}erfgrftfh-’fp%%yﬁr’ayer forms a buried source

and the secongsedoid Reypd lay&i fofrAédBver il rtypeddydri he nenory device has a
square feature_size of |less than 4F 2. 2 1 JUN 2095 22 14. The nenory
devi ce of cl & flpatme gaffloamad pKE thepubstate: sel ect gate is formed

substanti al 'y, R@r{oﬂgﬂﬁhgdjfnacﬁe gggé)@ﬁgé}o&ilcgont al floating gate and the
| a

floating gate Is nensi one to define a sublithographic floating
gate. 15. A nesabacy gate\foreedconpsidewniyof the snehalt, vateesih thei mgmaty devist one

i con r,l r; ir - I for ver th r X
sem conduct o deﬁ%%s?a’squa?e eatLlSl'E:Sil?ZGE)}(ﬁthth%X%r%z. ormed over the substrate;

16. A memory device comprising:

a substrate having at least one semiconductor layer;

a first n-type layer formed over the substrate forming a source;

a p-type layer formed over the first n-type layer forming a vertical channel;

a second n-type layer formed over the p-type layer forming a drain;

a tunnel oxide layer formed over at least a portion of the second n-type layer;

a first poly layer formed over at least a portion of the tunnel oxide layer;

trenches formed in the p-type layer; and

a select gate formed on sidewalls of the trenches, wherein the memory the device

defines a square feature size of less than 4F7.

17. A memory device comprising:
" a substrate having at least one semiconductor layer, said substrate comprising:
a buried source formed in the substrate;
a vertical channel formed over the buned source; and
a drain formed over the vertical channel;

a tunnel oxide layer formed over at least a portion of the drain;



a p-type layer formed over the first n-type layer; a second n-typej i@y e
formed over the p-type layer; a floating gate forned over the substrate;
a trench forned in the p-type |layer; &3d a select gate forned on a
sidewal | of the trench, wherein the nmenory device defines a square
feature size of less than 4F2. 16. A nenory device conprising: a substrate
havi ng at | eagflogting gaterfasoned evercthe Itlame}qmae fayerstuch that pelehstyarorfion afd over

t he substrate source r , forned over the first
n-type | ayer ?‘8%@5%8%5“8&?t Igﬁszﬁr?éﬁwnoj%@ U3 n-type |ayer fornmed
over the p- ty@@[&@y@ﬁcﬁmﬂ%a%me@ﬁ&wea tunnel oxide |ayer fornmed over at
| east a portion of the second n-ty a first poly layer forned

a
over at | easta #l¢sdgatedarmmgd @ﬁ&&dﬁﬁé‘ﬂs @y%hmelmgrsmh trenches fornmed in the
p-type |ayer; ar?ﬁb%v@ ﬁl:k??otnng& );Tg\gler%glj I's of the trenches,

wherein the nmenory devi cetggafI |nes a squar eature size of Iess t han
4F2. 17. A rremmr;dud&ve lagercformed i the actévesttash M aliceinakié Aty HOdsd hane

sem conductor | ay sai.d subst Lonprising: a buried source forned in
t he substrat esq“é"e\fré’f‘tilfecsa?e n‘é@“‘ Brned over the buried source; and a
drain formed over the verti cal channel ; a tunnel oxide |ayer fornmed over
at least a portion of the drain; 2 1 JUN 2005 23 a floating gate forned
over the tunnH. fomedery dgrdce sugpritiggt at | east a portion of the floating
gate overlies t Ieast]laglap rt| n of the drain; a select trench forned in

t he substrateﬂ Bt odyRe ?%&sﬁ BFFisi dewal I's of the select trench:
an active treglﬁjﬂygqumogﬁa%@lrlt% ¥k liyeg, drain; and a conductive |ayer

formed in the active trench, wherein the nenory device has a
a second n-type layer formed in the p-type layer;
a select trench formed in the p-type layer;
a vertical select gate formed in the select trench,
digitlines formed over, and capable of electrical communication with the second
n-type layer;
a floating gate formed over the p-type layer such that at least a portion of the
floating gate overlies at least a portion of the second n-type layer; and

wordlines formed over the substrate and the digitlines, wherein the memory

device has a square feature size of less than 4F~.

19. A memory device comprising:
a first n-type layer formed over a substrate;
a p-type layer formed over the n-type layer;
a second n-type layer formed in the p-type layer;
a select trench formed in the substrate;
a vertical select gate formed in the select trench,
a conductive layer formed over at least a portion of the second n-type layer;
a first spacer formed on the conductive layer;
a tunnel oxide layer formed over at least a portion of the substrate;
- a polysilicon layer formed on the tunnel oxide layer; and
an oxide layer formed on the polysilicon layer, wherein the memory device has a

square feature size of less than 4F2.



square feature size of less than 4F2. 18. A nmenory device conprising; a
first n-type layer fornmed over a substrate; a p-type |ayer forn@d-@@éﬁ%
the n-type layer; a second n-type lay@# forned in the p-type layer; a
select trench formed in the p-type layer; a vertical select gate fornmed in
the select trench; digitlines formed over, and capable of electrical
comuni cation with the second n-type layer; a floating gate fornmed over

the p-type | I j iﬂg- e
overlies at %§§h§g& t&ﬁé??%ﬁﬁ%f) k?%grhs%g’c‘gﬁ%gﬁﬁ i‘g‘ge“ﬂg‘g@‘é‘? lfaygr?l%’ V\Dsl‘gg%l nes
forned over tinagserbhyeate and the digitlines, wherein the nenory device
has a square feature size of less than 4F2. 19. A nenory device

conprising: a first n-type layer forned over a substrate; a p-type |ayer

formed over t = ; nd n-type layer formed in the p-type
i‘ﬁAﬂnﬁe)ﬂB&h Eéeoéﬁllargﬁggg

| ayer; a select tren or e e substrate; a vertical select gate
fornmed in theaSest agypd lagarcformed comdsobstiate defintng 4 soures) over at | east a

portion of the secaond n:-t | ayer; a first spacer forned on the

conducti ve |a@g—fﬁypegayqj&ﬂa\{gﬁg(\{eaﬁlq15%),6 13 med over at | east a portion of

the substrat e; secand®fltysd ﬂa?ﬁ%nﬁf&’ﬁrth‘? plipRapst defiBidgidialn; oxi de | ayer; and
e po

an oxi de layer fornmed on ) ysilicon | ayer, wherein the nenory device
has a squar e2 sedeat treachsiormedin thepstyphlayedF2. 2 1 JUN 2005 24 20. The

enory devi ce, e £l A% WSS ISGOOINEL SRl AR, GRIPT 1 ses
tungsten | ayer” . Menory devi ce conprtsing:
a floating gate formed horizontally over the p-type layer so as to avoid the select
trench wherein the floating gate is dimensioned so as to define a sublithographic

floating gate and memory device has a square feature size of less than 4F7.

22. The memory device of claim 21, further comprising a tunne! oxide layer

formed over the substrate.

23. The memory device of claim 22, further comprising digitlines and wordlines

formed over the substrate.
24. The memory device of claim 23 wherein the wordlines are above the digitlines.

25. The memory device of claim 24, wherein the wordlines comprise a poly-WSi

layer.

26. The memory device of claim 25, wherein the digitlines comprise at least one

tungsten layer.

27. The memory device of claim 26, wherein the digitlines are above at least a

portion of the drain.

28. The memory device of claim 27, further comprising a spacer formed between

the digitlines and the wordlines.



a first n-type layer forned over a substrate defining a source; ,a B-t e
| ayer forned over the n-type layer; a second n-type |ayer for med?ild Nﬁéﬁ
p-type |l ayer defining a drain; a sel&@bt trench forned in the p-type

| ayer; a select gate forned substantially vertically in the select trench
and a floating gate forned horizontally over the p-type layer so as to
avoid the select trench wherein the floating gate is dinensioned so as to

foature si 70 P REEA oo MR, 9 SaBEr R bl SRR B0 3T e

conpri si nga&ivewddgel oxi de |l ayer forned over the substrate. 23. The nenory
device of claim?22, further conprising digitlines and wordlines forned
over the substrate. 24. The nenory device of claim 23 wherein the
wordlines are above the digitlines. 25. The nmenory device of claim 24,
wherein the wordlines conprise a poly-Wsi |ayer. 26. The nenory device of
claim 25, ADeTted metnbey dividet dfichdm Tionyhetedetirtfldadag gateremptiseahasl | ayer .

27. The nenory de[\vi,ce of claim 26, wherein the digitlines are above at

| east a pBXEERP H‘h‘fq{’ea@roaﬁ“illﬁla%?- The menory device of claim27, further
conprising a spacer forned between the digitlines and the wordlines. 2 1
JUN 2005 25 29. The nenory device of claim?2l, the drain conprises a

dopant i npBanftedmembry daviceanftdlaim 2, evhered0 theThating gateys skifalignedf cl ai m 21,
wherein the floating gate conprises tunnel oxide, polysilicon and oxide
| ayers. 3 1. The nmenory device of claim21, wherein the floating gate is

sel f aligneg. A nd#nord JERRBLYmPEYINEE conprising: a substrate;
a substrate;
a buried source formed in the substrate;
a first layer formed over the substrate;
a first drain formed in the first layer generally over the buried source defining a first
substantially vertical channel therebetween;
~a trench formed in the first layer;
a select gate formed in the trench; and
a horizontal first-floating gate formed over the first layer adjacent to the trench and
proximate to the first substantially vertical channel, wherein the first floating gate is
dimensioned so as to define a sublithographic gate and the square feature size of the

memory cell is not greater than 2F*.

33. The memory device according to claim 32, further comprising:

a second drain formed in the first layer generally over the buried source defining a
second substantially vertical channel therebetween; and

a second floating gate formed over the first layer adjacent to the trench and proximate

to the second substantially vertical channel.

34. The memory device according to claim 32, wherein the floating gate defines a
horizontal floating gate arranged over the first layer such that at least a portion of the

floating gate overlics at least a portion of the drain.



a buried source formed in the substrate; a first |ayer forned over the
substrate; a first drain formed in the first |ayer generally over t AN 2005
buried source defining a first substaétially vertical channel

t herebetween; a trench forned in the first layer; a select gate formed in
the trench; and a horizontal first-floating gate forned over the first

| ayer adj aéénlhe memosy dederaccarding torabaiimmid, evherein He flaatisg gstehtefiang 2 al | y

vertical channel rein, t first floati ate.i s i sioned,so as to
define a SE@ ??rﬁ%lgﬁ%%%@at&afﬂgh%{ﬁga{lﬁeed %e&ﬁ'éf’ﬁllg 3‘88?&1‘? @Fé;“gﬁqﬁ‘g?% ErE2l reror y
cell is nothgimeater than 2F2. 33. The nenory device according to claim 32,

further conprising: a second drain forned in the first |ayer generally
over the buried source defining a second substantially vertical channel

2l acont 01 R (BB JosBRMAL8 SR RIRE Bt RErshiT e BVC 1 ca

channel . 3he fliselayenortle bervddowusecor ding to claim 32, wherein the floating
gate defines a horizontal floating gate arranged over the first |ayer
such that at |least a portion of the floating gate overlies at |east a

portion of sthg drain. dedick cdbdNigf@> 26 35. The menory device according to
claim 32, \'/’merg?é] tﬁee”cogtflﬂ?a gate defines a horizontal floating gate

further arrdustdaygyelefinmglasontveye t he substantially vertical channel. 36.
The nmenory devi according t im 32, wherein the trench extends

t hr ough tﬁéeﬁqnﬁg?yqr‘;?@edtcg'efﬁ’é?ﬁg‘rlﬁ%‘ﬁ’sour ce. 37. A nenory device
conpri si Nga drdin ffbrufdd ihWeiecORl iapbiEbnerafl9 WvESthe 308E 88Khih@Y 8NibJitRg over
the first layer; a drain forned in the Second | ayer generally over the

source def veitigal chagngldherplatepdny vertical channel therebetween;

a trench formed in the second layer;

a select gate formed in the trench; and

a horizontal floating gate formed over the second layer adjacent to the trench so as to
avoid extending vertically down into trench below the second layer, wherein the
floating gate is dimensioned so as to define a sublithographic gate and the square

feature size of the memory cell is not greater than 2F~.

38. The memory device according to claim 37, wherein the floating gate defines a
horizontal floating gate arranged over the second layer such that at least a portion of

the floating gate overlies at least a portion of the drain.

39. The memory device according to claim 37, wherein the trench extends through

the second layer and into the first layer.

40. The memory device according to claim 37, wherein the floating gate defines a
horizontal floating gate further arranged generally above the substantially vertical

channel.

41. The memory cell according to claim 10, wherein the memory cell is defined by a

square feature size of 2F7.



a trench forned in the second | ayer; a select gate forned in the tZTU?@?Mﬁ
and a horizontal floating gate fornmed over the second | ayer adjacen 0
the trench so as to avoid extending Wrtically down into trench bel ow t he
second | ayer, wherein the floating gate is dinensioned so as to define a
sublithograghic gate and the square feature size of the nmenory cell is
not great eft2t hahmempry e8! acrreding troelgim b iwherein thor emgrit @llds defim@lrby mher ei n

the floati f :» horizontal floating gate arranged over the
second |ay§§W§§§%“§§gPE§?2?éast a portion of the floating gate overlies

at least a portion of the drain. 39. The nenory device according to claim
37, wherein_the trench extends through the second |ayer and into the
first |ayef3 Hee memernesihasropking weelaae bl avhsirin thecmempysell indefieddby fe

floating 9atg, LRES; rizontal floating gate further arranged
general ly gﬁo&%ﬁ%ﬁg éh gfggfially vertical channel. 41. The nenory cel

according to claim 10, wherein the nenory cell is defined by a 2 square
feature si f 2F. 21 JUN2UUS 27 42. The nenory cell according to claim
13, wher ei A%, he %WBWC%EﬁIQCO{déﬂ%@qu%ulfbyﬁléfelé Hsipemeryellna defipesl byfa 22
43. The neg@ide fRklre 330Fdrhg to claim 15, wherein the nenory cell is
defined by a square feature size of 2F2. 44. The nenory cell according to
claim 16, wherein the nmenory cell is defined by a square feature size of

2F2. 45. T nory cell,, accoy. di t.0 aim 17, wherein the nory cell is
defi ned bygg‘ ﬁgeqﬁl}ﬁ%gnf et Etfrcgrc@’?gz@g%?m’zﬁz.w%%e:m ﬁt}‘?é“ﬁt@?t‘i:’fr%‘?hd%ﬁ%‘?f@c%’r%ii ng to
cl aim 18, Wy@f@tdrbgizgampy cell is defined by a square feature size of

2F2. 47. The menory cell according to claim 19, wherein the nenory cell is
defined by a

46. The memory cell according to claim 18, wherein the memory cell is defined by a

square feature size of 2F2.

47. The memory cell according to claim 19, wherein the memory cell is defined by a

square feature size of 2F2,

48. The memory cell according to claim 21, wherein the memory cell is defined by a

square feature size of 2F2.

49. The memory cell according to claim 6, wherein the select gate is the only

substantially vertical gate in the memory cell.

50. The memory cell according to claim 10, wherein the gate of the first transistor is

the only gate that is arranged substantially vertically in the memory cell.

51. The memory device according to claim 16, wherein the select gate is the only gate

that is arranged within the trenches.

52. The memory device according to claim 17, wherein the select gate is the only

gate that 1s arranged within the select trench.



square feature size of 2F2. 48. The nenory cell according to claim?21
wherein the nenory cell is defined by a square feature size of 12FIN Zﬂ@ﬁ
The menory cell according to claim6, 2fherein the select gate is the only
substantially vertical gate in the menory cell. 50. The menory cell
according to claim 10, wherein the gate of the first transistor is the
only gate tRalh¢ gemoradgder asspeting o claimy 1§ arhereintheselast gate isbaonly cel | .
51. The ne i C Lhg,: i erein the select gate is
the only ggtgfet%afgéa%ﬁﬁé?sa%gé{e]gqt\}}\&tﬁ%%élgﬁélﬁe{lﬁ%\‘ﬁr}ches. 52. The nenory device
according to claim 17, wherein the select gate is the only gate that is
arranged wi_thin the select trench. 2 1 JUN 2005 28 53. The nenory device
accordi ng 8§ tﬂ%ﬁ?@fﬁy deiies acardimgtocdaipe 9, geegein the selecheaty is thepnlycal gat e

that is ar Q@H&Eﬂgé@“ﬂ?ﬁﬁ%g%ﬁﬁhtﬁé?&g&treﬁ&. The nmenory device according
e e se

to claim19, elnt ect gate Is the only vertical gate that is
arranged within the select trench. 55. The nenory device according to

claim 21, erein the sel.ect e is,t.he onl wvertical gate that is
ar r anged W:g?hf e@ﬁ@o%ﬁ%vdffe %ch%tgpg to claim 21, wherein the select ga%: Es the only

vertical gate that is arranged within the select trench.



