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BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

20 The present invention relates to semiconductor devices in general and
to a three dimensional TFT array in particular.

2. DISCUSSION OF RELATED ART"

As integrated circuits and computers have become powerful, new
applications have arisen that require the ability to store large amounts of

25 data. Certain applications require a memary with the ability to write and
erase data and the ability to. store data in a nonvolatile manner, There are
many applications which can be enabled by bringing the price per megabyte

of semiconductar memory down well below a dollar (US) per megabyte so

that it becomes price competitive with, for example: (1) chemical film for the

30 storage of photographic images; (2} Compact Disks {CDs} for the storage of
music and textual data for distribution; {3) Digital Versatile Disks (DVDs} for

the storage of video and multi-media materiais for distribution; and {4} Video



WO 021015277 PCT/ USOL/ 25092 2 Tape and Digital Audio and Video Tape for
the storage of consuner audio and video recordings. Such nenories shoul d
be archival and non-volatile in that they should be able to wthstand

bei ng renoved from equi prent and all sources of power for a period of up
to about 10 years with no significant 5 degradation of the information

st ored iywp bh@gr7SUCh a requirenent approxi nmates the tyomeEokmogevity for
CDs, DVDs, mmgnetic tape and nost 2orns of photographic film Presently,
such nmenories are forned with electrically erasable nonvolatile nenories
such as flash nenories and EEPROVE. Unfortunately, 10 these devices are
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draf8 gtemnhhmi:l {Tépped charge in a dielectric layer. Typically, electrons are
trapped In a layer of silicon nitride by, for instance, tunneling a .current
through the nitride layer. The silicon nitride is formed between a gate '
insuiated from the channel of a field-effect transistor. The trapped charge
shifts the threshold voltage of the transistor and thus, the threshold voltage
20 is sensed to determine whether or not charge is trapped in the nitride layer.

See U.S. Patent 5,768,182 fdr an example of such memories.

U.S. Patent No. 5,768,192, issued to B. Eitan, and the technical article
entitled “NROM: A Novel Localized Trapping, 2-Bit Nonvolatile Memory Cell”
by B. Eitan et al. in /EEE Electron Device Letters, vol. 21, No. 11, Nov. 2000,
25 pp. 543-545 teach a nonvolatile semiconductor memory cell which uses
asymmetrical charge trapping In the nitride charge storage layer of the Oxide-
Nitride-Oxide {ONO) stack to store two bits in one cell. The cell is written by
hot electron injection into the charge storage layer above the drain junction.
The cell is read in the opposite direction to which it was written, ie.,
30 voltages are applied to the source and gate, with the drain grounded. The
memory cell is constructed In a p-type silicon substrate. However, this
silicon-oxide-nitride-oxide-sificon {SONOS) 1TC memory is arfanged in an
NOR Virtual Ground Array with a cell area of 2.5F2 per bit, where F is the
minimum feature size. This cell area Is larger than desirable, and leads to a

35 less than optimum cell density.



menory cell |Is constructed in a p-type silicon substrate. However, this
silicon-oxide-nitride-oxide-silicon (SONGS) 11 C nenory is arranged in an
NOR Virtual Ground Array with a cell area of 2.5F2 per bit, where F is the
m nimum feature size. This cell area is larger than desirable, and |leads to
a 35 less than optimumcell density. WO 02/015277 PCT/ US01/ 25092 3 Prior
art negao a20152938i st ance devices are al so known. These ®€TUSeB250%Mer e

di scovered around -1972 and are destribed in Thin-M S-Structure Si

Negat i ve- Resi stance Di ode, Applied Physics Letters, Volunme 20, No. 8,

begi nning on page 269, 15 April 1972. The device described in the article
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The device of Figure 96 comprises a PN junction diode and a thin
oxide region. When the diode is forward biased, initially very little current
20 flows because the diods junction voltage is a fraction of the applied voltage,
with the balance of the voltage drop across the n- region and oxide region.
Holes injected into the n- region from the p region are sufficiently low in
number thatl the tunneling current through the oxide (despite the unfavorable
" barrier to the hole flow) allows the n- region to remain an n-type region.
25 Similarly, any holes generated within the depletion region are able to pass
through the thin oxide while any generated electrons are swepi across to the

p region and out of the anode contact.

As the applied forward .voltage increases, the n- region be‘éins to

deplete at the interface with the oxide just as in a normal MOSFET as the

30 threshold voltage is approached. At a high enough voltage, this depletion
region extends all the way to the junction {0 produce punch-through,
resulting in a significant injection of holes from the p region into the n- layer.

The holes cannot flow well through the oxide and consequently build up near

the surface.. This causes the n-region to, invert more strangly near the oxide

35 interface, and increasing the voltage drop across the oxide, recalling that
V=Q/C. The electron tunneling current through the oxide rises by a super-.



through the thin oxide while any generated el ectrons are swept across to
the p region and out of the anode contact. As the applied forward voltage
i ncreases, the n- region begins to deplete at the interface with the oxide
just as in a normal MOSFET as the 30 threshold voltage is approached. At a
hi gh enough voltage, this depletion region extends all the way to the
juncti owooeqszyxduce punch through, resulting in a sigRdIVEsanesdhj ecti on of
holes fromthe p region into the n-4layer. The holes cannot flow well

t hrough the oxi de and consequently build up near the surface.. This causes
the n-region to. invert nmore strongly near the oxide 35 interface, and
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When reverse biased, the diode is In its blocking state and the only
current that flows through the oxide is electron leakage current. The reverse
junction voltage is a fraction of the applied voltage because some is dropped
across the oxide region. [t should be noted ‘that electrons carry current

20 through the oxide region in hoth reverse bias and in a strong forward bias.

_ Another type of prior art memory device is disclosed in the technical
article entitled “A Novel Cell Structure for Giga-bit EPROMs and Flash
Memories Using Polysilicon Thin Film Transistors” by S. Koyama in 7992

) Sympasium on VLSI Technology Digest of Technical Papers, pp. 44-45. As

25 shown in Figure 98, each memory cell is a “self-aligned” floating gate cell
and contains a polycrystalline silicon thin filin lransistor eiectrically erasable
programmable read only memory {TFT EEPROM} over an insulating layer. [n
this device, the bit lines extend in the dircction paralicl to the source-channel-
drain direction (i.e., the bit Imes extend parallel to the charge carrier flow

30 direction). The word lines extend in the direction perpendicular to the source-
channel-drain direction .(i.e., the word lines extend perpendicular to the
charge carrier flow direction). The TFT EEPROMs do not contain a separate.
control gate. Instead, the word line acts as a control gate in regi-ons where it
overlies the floating gates.



20 through the oxide region in both reverse bias and in a strong forward

bi as. Another type of prior art nenory device is disclosed in-the
technical article entitled "A Novel Cell Structure for G ga-bit EPROVMs and
Fl ash Menories Using Polysilioon Thin Film Transistors” by S. Koyama in
1992 Synposium on VLSI Technol ogy D gest of Technical Papers, pp. 44-45.
As 25 shoow/618277i gure 98, each nenory cell is a "sel f- @dTgrsenisodi oat i ng
gate cell and contains a polycrystalline silicon thin filmtransistor
electrically erasable programmable read only nenory (TFT EEPROV) over an
insulating layer. In this device the bit lines extend in the direction
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an el eg%Bém‘é@M L?Lfillzes a cross point array 5610 of bitlines in buried n+ diffusion
5612 within a single crystalline silicon p-type substrate 5614 and wordlines
formed of polysilicon rails 56616 disposed over the substrate 5614. A
20" transistor is formed from adjacent 'bitlines 5812 and a p- type channel region
5618 disposed between the adjacent bitlines 5612." A layer of gate oxide
5620 insulates the floating gates 5622, which lie above the channels 5618
and are formed of, for example, polysilicon. An upper dielectric layer 5624
insulates the floating gates 5622 from poiysi!icon wordlines {(WLs)} 56186.

25 “Virtual Ground” refers to the fact that there is no dedicated ground
line in the array. Whenever a cell is chosen for read or program, a pair of
buried n+ bitlines {BLs) is the source and drain with the source grounded.
For example, to select the coll 5624 outlined in Figure 100, BL{k} and
BL{k+ 1) would be selected as the source and drain {or vice versa) and WL{j}

30 would be selectad as the control gate of the device. In one approach, all of
the bit lines to the leéft of BL{K) as shown in Figure 100 would be held at the
same potential as BL{k) and all of the bit lines to the right of BL{k+ 1) would
be held at the same potential as BL{k+ 1) so that source-drain current would
only flow (for read and programming) in the selected cell {all other WLs being

35 grounded).



aggressively reducing nenory cell size. Turning now to Figure 99, the basic
approach utilizes a cross point array 5610 of bitlines in buried n+
diffusion 5612 within a single crystalline silicon p-type substrate 5614
and wordlines formed of polysilicon rails 5616 di sposed over the substrate
5614. A 20" transistor is formed from adjacent bitlines 5612 and a p- type
channel wew/@s775618 di sposed between. the adjacent bit|BOTES0ESD22 ' A | ayer
of gate oxide 5620 insulates the féoating gates 5622, which |lie above the
channel s 5618 and are fornmed of, for exanple, polysilicon. An upper
dielectric layer 5624 insulates the floating gates 5622 from polysilicon
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buri'ed- beédusaehobbdldetrons are injected into the ONO -dielectric stack at the
programming drain edge, Since the nitride charge storage medium does not
laterally conduct, the charge stays where it was injected. Trapped charge
near the source of a transistor has a large effect on the transistor's threshold
20 voltage while trapped charge near the drain has little effect on' threshold
voltage. Accordingly, individual charge zones on either side of the ONO
layer may be written and read by simply reversing the drain and source
_ ponnections for the cell, When the cell is programmed, charge is injected at
the zone closest to the drain. If source and drain are reversed for the same
25  cell, another charge may be injected into the same cell but at the "other"
drain. Both sides can also.be read, thus two bits per cell may be stored and
retrieved.

The above described prior art devices are relatively expensive because
their density is not optimized.

30 SUMMARY OF THE INVENTION

According to- one preferred ernbodiment of the presant invention, a
semiconductor device comprises a monolithic three dimensional array of
charge storage devices comprising a plurality of device levels, wherein at



di sposed In a single crystalline slllcon substrate 5614. An ONO (oxi de-
nitride-oxide) dielectric stack 5628 insulates bitlines 5612 from
polysilicon wordline 5630. The hot electrons are injected into the ONO
dielectric stack - 5628 near the drain edge during progranm ng where charge
Is trapped in the 15 nitride layer. Two bits can be stored per nmenory cell
utili zi Rep bx1827@ppr oach because hot el ectrons are i nj ®TAH/R0% t he ONO
dielectric stack at the programm ng drain edge. Since the nitride charge
storage nedium does not l|aterally conduct, the charge stays where it was

I nj ect ed. Trapped charge near the source of a transistor has a |large
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sinply reversing the drain and source connections for the call, ‘\Wen the
cel| is proghaanether gnefegred smbogismns®fdhe presentdnesntiarses manelithie dr ain.

| T sour gRre@ilnféiidhaR Bfral VS fsﬂfragaaee@ae i2%o66éd in aRQiMepheher ge may
be |Qjected Into he S
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1 508 b RoNEvEDe SERRorauR leudt oYl 5ROty et CopidBhHupl °S rr "
above desbstratd qmdl ubwearrcnrcww teforened inghgtsubstrateaploast e PBECHWIRE  t hei r

densi tyﬂaé aﬂg&, m{ﬁ,mﬁggrrﬁ%rmwe%a}'HE I NVENTI ON Accor-ding to. one
preferred enbodi nent of the present invention, sem conduct or device

corrprl Ses a USPo%b} rE.lplrgft-:-tﬂ]%de(gmq::I gﬁﬁéﬁto%@' thd! rg?é/eeﬂft mgeﬁ g@lﬁ‘% e adevi ces

corrprl Si ng a p
PCT/ usomgsggedewcpmprdﬁm Mﬂrﬁhw%mcqwcmbwgﬁ%b%%em evels is
pl angri Zeﬁﬁréty pla@i&eaf calsuREeR®Ni CHle Podrhomy ﬂg\nohnmaﬁoihh&rdepr &femroead

erbod! Meibyfluble BLERER!. | RUBRlSucr AR Kbadd pERvalTRRS iRRA! A T &y
of char VICEs i's ous olycrystalline
sem congmut&wpuayépnéw@pr a@ndndhe ysecand rié%@?r‘v‘%ﬁd&@i‘él*‘cghbé‘ﬁr &le,  and

driver Ghiepstidtion io¥ fralimedojestibhe SThst reheorgt dbwiast inchudear & thalge t he
array, Vgtér% 4 rE-,hS A VilerBin 31%%8 stt&%d% 1Y charge storage medium affects
15  the amount of current that flows between the first input/output conductor
and the second input/output conductor.

Another preferred embodiment of the present invention provides a
nonvolatile read-write memory cell having an N doped region, a P doped
region, and a storage element disposed between the two.

20 Another preferred embodiment of the present invention provides a
method for operating a'memory cell. The method comprises the steps of
trapping éharge in a region to program the cell, and passing current through
the region when reading data from the cell.

Another preferred embodiment of the present invention provides an

25 array of memory cells, said array having a plurality of memory. cells each
" comprising at least one semiconductor region and a storage means for
trapping charge. The array also has control means for controlling the flow of
current through the semiconductor region and the storage means of the cells.

Another preferred embodimsent of the present invention provides a

30 nonvolatile stackable pillar memory device and its method of fabrication. The
memory device includes a substrate having a first plane. A first contact is

formed on or above the plane of a substrate. A body is formed on the first

contact. A second contact is formed on the body wherein the second



Anot her preferred enbodi mnent of the present invention provided a nenory
device conprising a first input/output conductor formed above or on 10 a
first plane of a substrate. The nenory device al so includes a second

I nput/ out put conductor. A sem conductor region is |ocated between the first
I nput / out put conductor and the second input/output conductor at an

i nt er sestod omo18d77t heir proj ections. The nenory devi ce | REOTAE8E2M9 har ge

st orage nedi um wherein charge store¥ in the charge storage nmedi um affects
15 the amount of current that flows between the first input/output
conductor and the second input/output conductor. Another preferred

ebodi MEpLaBf 1§ 4 1B5ES RRiall) LABRLA RyBF b 4iSt BantBELY Oh Adrkfbl A | L €
menory &3 aving an op egion, a g_oped eqi gn, and st orage
el ement fermasb selipgaat i rthen ghargs. stayaps ongeiumy ef’%r'%éa SHO ST Sof the
pr esent pefivedt itiod fipstoyokast and thé Bedordd contaet &t iandjrectivenperpeodicllar The

nmet hod ' S trappi ng charge in a region to programthe
cell, a?ﬁ%q@%?éﬁa?%géﬂﬁ]reréen l'E‘;"}(gér:'ough t he regi on when reading data fromthe

cell . Another preferred epbodi nent of, 1 he present ipventi roylihdes an 25

array of rrenﬁﬁnfl‘ﬂé%'li?’ﬁ?eré%‘?gm%ggemwt A en'ﬂgﬁe {Ri'd gvﬁ?yp%#"ﬂﬁ%ér)rg%élgcel l's

each caiiect siangisaor, lcxasprising asswviren il degine a cbghesl, argete, 8t BagyE8NReans for

trappi n%ﬁm{r&ﬂ ﬁﬁ%ﬂ{vﬁ@éﬁ the Qe anelOd ShafRaNBnlics @M@t I Iwkight he 1 ow
0

a
of current tHArou t sem.conduct or regi on d.the st.ora of the
cel |'s. AXYRNGS S %FEJF'F'E‘H p@ﬁ?’f‘? i‘RehSolfes W@‘géﬁ%‘ﬁ Gﬁ'ﬁe\?té'ﬁp i %ﬁd gﬁ@glﬁdes a 30
nonvol atcohtacts dlok gake apdlis aslf mligned/ talthe geteand its net hod of fabrication.
The nmenory device includes a substrate having a first plane. A first
conygct is ANARE PRefiredbittbodife afettef prestnbsinvantion Aproeitlesi 8 f or ned

{

on the fjrst ..conta ' ormai,gJ h i gein the
second e@zﬁ@?ﬁ'?’ﬁ‘ﬁhﬁ?@g"i?@?ﬁ@%g@ c%?ﬁ\;éctc | r%sh egsk3 Rﬁﬁ#‘?&gﬂ y
al i gned veviigaliyhaeparesed cisvice devels,ceanh devel gampdsing oprearranjefc to the
charge Hepheods TesbchMTHY IEEFROMY ceRiprisij\ca diainvebn sbbeef iansit dtaint act and
tsngsts ?;?rggioﬁg,nztar?é G dithrde %&&%&E':@&aR%ﬁ’a%’éﬂ& CHLRE chhfnding dbRNE, 8F bkhe
15 line columns in each device level, each bit line contacting the source or the
drain regions of the TFT EEPROMSs, a plurality of word line rows in each
device level, and at least one interlayer insulating layer located between the

device levels.

. Another preferred embodiment of the present invention provides an
20 EEPROM comprising a channel, a source, a drain, a tunneling dielectric
Idcated above the channel, a floating gate located above the tunneling
dielectric, sidewall spacers located adjacent to the floating gate sidewalls, a
word line located above the floating gate, and a control gate dielectric located
bsetween the control gate and the floating gate. The control gate dielectric is

95 located above the sidewall spacers.

Another preferred embodiment of the present Invention provides an

array of nonvolatile memory cells, wherein each memory cell comprises a
semiconductor device and each memory cell. size per bit is about (2F%)/N,
where F is a minimum feature size and N is a number of device layers in the

36 third dimension, .and where N>1Another preferred embodiment of the
present invention provides a method of making an EEPROM, comprising
providing a semiconductor active.area, forfning a charge storage region over

the active area, forming a conductive gate layer over the charge storage
region and patterning the gate layer to form a control gate overlying the



5 Anot her preferred enbodi nent of the present invention provides a field
effect transistor, conprising a source, a drain, a channel, a gate, at

| east one insulating | ayer between the gate and the channel, and a gate

| ine which extends substantially parallel to a source-channel -drain
direction and which contacts the gate and is self aligned to the gate. 10
Anot her wo efimszred enbodi nent of the present invention RCIESAEER t hree

di nensi onal nonvol atile nenory arra¥y, conprising a plurality of wvertically
separated device |levels, each |level conprising an array of TFT EEPROVs,
each TFT EEPROM conprising a channel, source arid drain regions, and a

char ge Sf’nﬁ@eg 'F]Jrggéqggi%ﬂea%%t mte(Pnt.Ircg% %h@&RSI'tsesadBan@a é}%cﬂtletﬁréa 15 line

col ums Vi C vel,” each I he cont a e sourcE or the
drai n r eglnenshefcontiel Tate ESPRANESK o ploim, SPYRFecRn I Ter?ém?sov% % each
devi ce lagtiek arédldfctinihg astirso iresuilatirey la&;eabmmahdtadjqpelna;terthbo:tmttedl bet ween

the \sﬂagﬁ E%%Mﬁ ;ﬁi’rtlaﬁ et;fefl{eeg ghfga WitHYut! ﬁﬁoﬂahﬂ'ﬁﬁfﬂé Higvention

provi de |S|ng a c anne tunnel i ng
di el 8ct m%skl%cmtédmmaeeam diensritacting F*&%P%Hasb‘ﬁf‘ép |98&%‘E'é8* 568ve t he
t unnel i R@nti@l gbes,tsuch, that desvaldrd sinede esif laligracctb i acminol gatet he 1 oati ng
gate sidewalls, a word line |ocated above the floating gate, and a control

'gl'ﬁteecg:‘ltel‘glct ra ehg?gﬁrﬁfﬁrré&e%ﬁﬁﬁi&éﬁgéﬁt %@n{r{eobr&%m ﬁwénfrbﬁ ﬁ:’o%relsne gate.
| ctr oca ers.
Anot her peiO r‘?fea‘aé‘l'ﬂﬂ)m"r%%ﬁcﬁw Pﬂ@pﬁ’P@?eWPvlcﬁ%ﬁt?%ﬂ'c ng\%% gﬁg array
of nonvdres, Ifermingoray toehéls dielémriei layeacéveretie yactivel aceﬁrpifqﬁ@@ag ad
jﬁmﬁond#g’tdgﬁﬁ?ﬁ, %ﬁt@ ﬁgdr S{%glf' Sizli’{gfewn}ﬁep‘aiélectﬁbzl%yete:p%l;térdnﬁg éth@tgatérZEZI) |nNt e
30 -t hi r@veli TRARTR ﬂ°%1"r’\"<59 Wate QVRT'\Q"Q tEﬁJFHB?' %n%c@?? éﬂﬂegr@g’e F%@ﬁ? of the
present thevasthieoargar nsindetheafloetiriyodatef asrmkmagk i0 REFREMIrosoamd idsaing
ngV;gL g ﬂ;g?gi;ﬁ? ¢ é'?éntifimf aftt | Vﬂafmma%% NSorApGhey gsrrﬁhgraﬂwaﬂtgl on over
i've ng a, copductive gat er_ oy e storage
regi on APICRER ?@Pﬁ?ﬁfgtqa? feating %@rs'?%"" 'fﬁ'rﬁ’gfn ?'B?t '33&"%9593 F¥S)ing the
WO 05101307 é MET/adBebh2303Ihe ddewall spacers and above the source and drain
regions, forming a control gate dielectric layer over the floating gate, and
forming a word line over the control gate dielectric and over the first
insulating layer.

Another preferred embodiment of the present invention provides a
20 method of forming a nonvolatile memory array, comprising forming a
semiconductor actlve layer, forming a first insulating layer over the active
layer, formmg a plurality of gate electrodas over the first msulatmg layer and
doping the active layer using the gate electrodes as a mask to form a plurality
of source and drain regions in the active layer, and a plurality of bit lines
25 extending substantially perpendicular to a source-drain direction. The method
also comprises forming a second insulating layer above and adjacent to the
gate elsctrodes and above the source regions, drain regions and the bit lines,
planarizing the second insulating layer, and forming a plurality of word lines
over the second insulating layer extending substantially parallel to the source-

30 drain direction.

Another preferred embodiment of the present invention provides a
method of making an EEPROM array, comprising providing a semiconductor
active area, forming a plurality of durmmy blocks above the active area,
doping the active area using the dummy blocks as a mask to form source and

35 drain regions in the active area, forming an intergate insulating layer above



charge storage region. The nethod al so conprises doping the active area
using the control gate as a nask to form source and drain regions in the
active area, formng a first insulating | ayer above and adjacent to the
control gate, exposing a top portion of the control gate w thout

phot ol i t hographic 5 masking, and formng a word |ine contacting the exposed
t op portwon2es2®?he control gate, such that the word | ircI/Us912801 al i gned
to the control gate. Another prefedred enbodi ment of the present invention
provi des a nmethod of making an EEPROM conprising providing a sem conductor
active area, formng a tunnel dielectric |ayer over the active ar ea,

form ng 58y I:Jce&mi‘e%ﬂdfffetbl\fl% Eﬁ)rclkgﬁﬁfang%fﬁﬁ?ttng |F1H={}§ overﬁla%é [PKe é/ er,

pat t er ni n ate |l a er unnel
d| el ect K °$ea§’%? %0%& ﬁbe quramy cblpgles, aseé%rtulﬁmgemnwnsr Bt fu@ngiate as a
mask t o biwks o betvaeeh gioations ot ghe plarianizéd enwegatecinguging Tagermes hod al so
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gat e di dbrwingi @ Ica_ytducmrgatbeIa{yboaﬁveigtlga_tmarg@dstoiagem fgionsywoand | i ne over
t he conrp%%"gﬁ%ethgl &LA ?Mthfé g tbh?or[ﬂ rsEonJﬂ,gp Ll 'MEB%EM Anot her

0 rese |

preferreg I ment i nventi on provi es a thod of

f or m ng C42HUGRFSI2E [99i%knor y array, conprising formng a sem conduct or
active layer, formng a first insulating |ayer over the active [ayer,
forming a pl &rn&thﬁry pesfegad eembedimatesf aher present iineentiars pravides 4 ayer and

dopigg h’r&na&tw%hﬂw ‘éS'TW ERPROM, ecslrrﬁﬁtsrngd?érrﬁﬁ aamrﬁ’f Eep

Sl
pIuraI|t¥ of . source and, drain. regions activ er @ pIuraIrty
of bit FPARISHY & ATRTRGOUS HENCARY ok # yPoUSIERR; e 1% fa ascﬁ.'i’rac‘,%e dr ai n
di rect i steraJ@eregiarhcand al sontrohyatts.eprdvidingng arystdlizadicnnsataystmin | ayer

above apgnfi awRAttHeOadthR I3k, Carfdl ﬁgam A &%e %ﬂﬂvﬁb&)@? .mgr BRUGRD begi ons,

drainr anarj.zi e. se I ng Iayer
and for ﬁ?%‘ﬂ&iggﬂﬁrqﬁq?lﬁ% iﬁ r%\’ﬁaﬁi'?&&e aptivs E‘t%ﬁeu?!-f"@ 8 q"ﬁ%’éﬁﬂat ing layer
extendi ng substantially parallel to the source- 30 drain direction. Another
prefdrred embdathasmrefsrracthempediseant dfrthe dresemt fnvantitesprevidesthdoof maki ng

an EEPROM trire@imeAsiBhals im@mBh Varty) :ohsBrRBteP BIUGhIY film transistors
disposed above the substrate. Spaced-apart conductors disposed in a first
direction form contacts with memory cells fermed in rail stacks disposed in a
second direction different from the first direction. A local charge trapping
20 medium receives and stores hot electrons injected b*,r thin film transistors
formed at the intersections of the spaced-apart conductors and the rail
stacks. The local charge trapping medium may be used to store charge
adjacent to a transistor drain and by reversing the drain and source lines, two
bits per memory cell may be stored, if desired. A programming method

25  insures that stored memory will not be inadvertently disturbed.

Another preferred embodiment of the present invéntion provides a
non-volatile thin film transistor (TFT} memory device that is constructed
above a substrate. It employs a source, drain and channel formed -of
transition metal crystallized silicon. A local charge storage film is disposed

80 vertically adjacent to the channel and stores injeeted charge. - A two- or
thres-dimensional array of such devices may be constructed above the
substrate.  Spaced-apart conductors disposed in a first direction form
contacts with memory cells formed in rail stacks disposed in a second
direction different from the first direction. The local charge storage film

35 receives and stores charge injected by TFTs formed at the intarsections of



active area, formng a plurality of dummy bl ocks above the active area,
doping the active area using the dummy bl ocks as a mask to form source and
35 drain regions in the active area, formng an intergate insulating |ayer
above WO 021015277 PCT/ US01/ 25092 10 and between the dummy bl ocks,

pl anarizing the intergate insulating |ayer to expose top portions of the
dummy blwo k01588 ecti vely renoving the dumy bl ocks f rRITVERSIREON porti ons
of the planarized intergate insul atiling layer to forma plurality of vies
bet ween the portions of the intergate insulating |layer, 5 form ng charge
storage regions over the active area in the plurality of vies, formng a

conduct iy sgade- la&é’r‘i‘ rcoﬁ&@?totré‘ﬁnﬁ hAg 95%1 fia%k@g?hé ?&'aﬁ’ Eﬁar ora(%t fi ni ng the

conductive Bat e la orma  contro e storage

over
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st or I on confrol gate, providing a crystal 'zat1 on cat al yst in
cont Act '%‘g'ﬁrtteﬁg"’:fhﬁW‘éGJ -ayer, and healing the autivu |ayer after the step
of providing the catalyst to recrystallize the active |layer using the

catal yst. 15Anaghereprefieddr pdodimhrnti pbriheopraseat gneenrtian iprowidesod provi des
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ransi s
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i nvaAt | dmrﬁrlmﬁ des a non-volatile th| n filmtransistor (TFTI nenory device
that is constructed

Anather preferred embodiment of the present invention provides a TFT

CMOS device, comprising a gate electrods, a first insulating layer adjacent to

a first side of the gate electrode, a first semiconducter layer having a first

conductivity type disposed on a side of the first insulating layer opposite to

20 the gate electrode, a first source and drain regions of a second conductivity

type disposed In the first semiconductor layer, first source and drai'n

electrodes in contact with the first source and drain regions and disposed on

a side of the first semiconductor layer opposite to-the first insulating layer.

The TFT CMOS device further comprises a second insulating layer adjacant to

25 a second side of the gate electrode, a second semiconductor layer having a

second conductivity type disposed on a side of the second insulating layer

opposite to the gate electrode, second source and drain regions of a first

conductivity type disposed in the second semiconductor layer, and second

source and drain electrodes in contact with the second source and drain

30 regions and disposed on a side of the second semiconductor layer opposite to
the second insulating layer.

Another preferred embodiment of the presen’i invention provides. a
circuit comprising a plurality of charge storage devices and a plurality of
antifuse devices.



above a substrate. It enploys a source, drain and channel forned of
transition netal crystallized silicon. A local charge storage filmis

di sposed 30 verticallji adjacent to the channel and stores injected charge.
" Atwo- or three-dinensional array of such devices nay be constructed
above the substrate. Spaced-apart conductors disposed in a first direction
form comoameis2amith mermory cells forned in rail stacks RiTsyssse#9t n a second
direction different fromthe first @irection. The |ocal charge storage film
35 receives and stores charge injected by TFTs fornmed at the intersections
of WO 02/015277 PCT/ US01/ 25092 11 the spaced-apart conductors and the rai

stacks. The I t be us st ore -charge adj acent

to a transis err;?’?lé%nga 8&%@5{3%4% f%epﬁsgf’ﬁ '3?4 té%'hr%gvﬁaaﬁgg J
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referr nenor

Py oot Rl LooniCoBERRRE, | CRUBRL BRI WL 98 cherde %foragfur ality
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st ac 0 e erent from

the 11 SRhSREaRn 8 83 o BB bonThawwEi e AliChig 2o dopbil

semi con&lﬁ%'&deﬁs‘{"aﬂﬂsﬁ seFrIskPragramnming velage éﬁlgmﬁrc‘rcbﬁnar@p ﬂmst woaaga first

pl ur al i iy applistlecnveantid first @pdubbisetohd bldctrdes. a conductive.word |ine,
and charge storage regions disposed between a second surface of the

semygonduct or islands and the 15 word line. Another preferred enbodi nent
of the present invention provi des a TFT "CMOS device, conprising a gate

el ectro (g | | at i r jacent to a first side of the gate
el ectro IEF D) s &L ’ having a first conductivity type
di sposed on E S|de of, the first insulating |ayer opposite to 20 the gate
el ectrode, aFiawai1Ads aeillustrationiof 7 aifissrmenory isacsamdanssawdth anty  type
di sposed:rﬂbbdivhenf bf she pasSep®htherition. | ayer, first source and drain.

el ectrodes in contact wiwth the first source and drain regions and di sposed

on Figure 1B Is an illustration of an overhead view of a pillar memory in
15 accordance with an embodimant of the present invention having a single
charge storage medium and single control gate surrounding a plifar.

Figure 1C is an illustration of an overhead view showing a pillar
memory in accordance with an embodiment of the present invention having
multiple charge storage mediums and multiple control gates.

20 Figure -2 is an illustration of the pillar memory in accordance with an
embodiment of the present invention.

Figures 3A-3D iliustrate an ultra thin channel pillar memory device in
accordance with an embodiment of the present invention and its method of
fabrication,

25 Figure 4 is an illustration of a pillar memory of an embodiment of the
present invention having Schottky contacts.

Figure © is an illustration of a gated diode pillar memory in accordance
with an embodiment of the present invention.

Figure 6 is an illustration of a pillat memory in accordance with an
30 embodiment of the present invention having a nanocrystal floating gate.



a side of the first sem conductor |ayer opposite to-the first insulating

| ayer. The TFT CMOS device further conprises a second insulating | ayer

adj acent to 25 a second side of the gate el ectrode, a second sem conduct or
| ayer having a second conductivity type di sposed on a side of the second
insulating |ayer opposite to the gate el ectrode, second source- and drain
regi ons W 0Ho152#7st conductivity type di sposed in the Swyswssiesa: conduct or
| ayer, and second source and drai nldel ectrodes in contact wirth the second

source and drain 30 regions and di sposed on a side of the second

sem conductor | ayer opposite to the second insulating |ayer. Another

Compri 51 no o re o 5 o MO ARIGRSEER gk iy Wl GRbogyident™ht e

ant i f us &' GEOT ertvse_n@cu% I&?”Eﬁgﬁ#ﬁﬁ%ﬁgldﬂ%ﬁ'c' 12 Anot her preferred

enbodi rent of the present invention provides a sem conductor device

conpri si ng aFlguReE &M 3eHoPB divstiate re mrathod fctraming aspilengéiliciegi am adj acent
to the sepliciopiiaeform#idn pocesgi on, a - first electrode, and a second

el ectrode. Charge is stored in the charge storage 5 region when a first

pr oggamn ng iz i ; .

-el e%t rodes, F}gﬁg@%@&%mgg?ih\}%ﬁ nﬁvﬁﬁtggﬁe{f ﬁﬁ%&ﬁ%% H@r é‘?}@?@gda%t or age
regi on UGCFEERPY S8R ABENN9ESpat h between the first and the second = -

el ectrodes when a second programm ng vol tage higher than the first voltage
i s applied bEighes 100 10E illustratd a methyat of foretiog ter pilles marfopRidfice

DESCRI P &2bdeliadé&- vt Wi b ddigeh€ot thd Sre8Bnit IveafisRUNANG s &pdickl ar menory
i n accordance wn Ul enbodi nent of the present invention. Figure 1B is an
i |l ustratton overhead view of a pillar nmenory in 15 accordance with
an enpbodi nent of the present invention having a single charge storage
med@m and sFigyres d3A-136 iHusteats & methast ahfaming ragommiogurantiat gage an

i 11 ust r dbtwaonbdpiveny pillve aovbAs 25 oNGIN8s ahBiihd the EdTBEYN bR cakeel dance
with a”ggfg%%jétmn Qéjaf:é}?t iﬁﬁgfé?nt i nvention havi ng

Figures 12A and 12B illustrate a method of forming a common
continuous film control gate betwesn two or more levels of pillar memories.’

15 Figures 13 to Figure 28 illustr_ate a method of fahricating multiple
levels of pillar memories in accordancs with an embodiment of the present
Invention, '

Figure 29A is a representation of a memory cell of an embodiment of
the present invention.

20 Figure 29B is a.graph illustrating the '.characteristics of the cell of
Figure 29A.

Figure 30 is a cross-sectlional elevation view of a two terminal cell built
in accordance with an embodiment of the present invention.

Figure 31 is a cross-sectional elevation view of a thres terminal csll
25  built in accordance with an embodiment of the present invention.

Figure 32 is a cross-sectional elevation view of a three-dimensional

memory array employing rail stacks built in accordance with an embodiment
of the present invention.



mul ti pl e charge storage nediuns and nultiple control -gates. 20 Figure .2
Is an illustration of the pillar nenory in accordance with an enbodi nent
of the present invention. Figures 3A-3D illustrate an ultra thin channel
pillar menory device in accordance with an enbodi nent of the present

I nvention and its nethod of fabrication. 25 Figure 4 is an illustration of
a pill arwoemesy77of an enbodi nent of the present i nventBeiwseaesmz Schott ky
contacts. Figure 5 is an illustrati®n of a gated diode pillar nenory in-
accordance wth an enbodi nent of the present invention. Figure 6 is an
illustration of a pillar nmenory in accordance with an 30 enbodi nent of the

present invegiduwe 3MvE N0 pa I i ILR47
PCTI USOLE 25007 13 1 éur‘e) 5%2612%@%%%2%" e 5 ﬁV\Q'ﬁ?nenoryZof an

enbodi mSHPSER G[Weaccﬁf \laé'h?m pdimgntRf ge&ﬁ?% '?Y%Imﬂnng dielectric.
Figures 8A and 813 i| Iustrate a nethod of formng a pillar utilizing an
explicit pil Figurehis anather evbsdimantmfqueelsfaymese apillari Ustrate a net hod
of formng a pillar- utilizing an intersection etch technique. Figures
10A- 1CE i I | uFigures 35 nartdh @B ate fsehematca ¢fi bl threaeditensibeel ceray of

acco$d Wt h an enbodi ment of the present invention utilizing a "spacer
et ch’ technlque 10 Figures 11 A-11 C |IIustrate a met hod of forning a

conmon contr t betmee acent. r NOpori ¢s . 0S showi ng
Che Dol ari ohlaFecar, 515 Gle ccrpsmctBhaloMavknet of | are ot Pl 15a ang

12B il | urlmlemle, a‘lrntatgﬂel ejecimﬂen prytectivenoside andtblaciiog hitide dayersol gate

bet ween Ha\e Hedh d@H&tﬂe@Vﬁ@SnﬁfthdH hl:é’d’rdﬁ'ﬂ%r heembodimeht Q’F”El?é f:?&én@ Figure
28 illustrate a nethod of fabricating multiple Ievels of pil menories in

accor dan®®WYh an enbodi ment of the present invention. F| gure 29A is a

repr esentation of a menory cell of an enbodi nent of
10 Figure 38 is a side cross-sectional view of a memory array after bit line

patterning and source/drain implantetion. The cross-scction is perpendioular
to the bit lines.

Figure 39 is a side cross-sectional view of the array after salicide
process. The cross-section is perpendicular ta the hit lines.

15 Figure 40 is a side cross-sectional view of the array after the oxide fill
and planarization. The cross-section is perpendicular to the bit lines.

Figure 41 is a side cross-sectional view of the array after the blocking
layer is removed. The cross section is perpendicular to the bit lines.

Figure 42 is a side cross-sectional view of the array during word line
20 formation. The cross-section is perpendicular to the bit lines.

Figure 43 is a side cross-sectional view of the array after word line
formation along line A-A in Figure 42. The cruss-seclion is perpendicular (o
the word lines and passes through a bit line.

Figure 44 is a s:de cross-sectional view of the array after word line
25 formation along line B-B in Figure 42. The cross-section is perpend:cular to
the word lines and passes through a transistor channel..

Figure 4B is a side cross-sectional view of the array of the second
preferred embodiment after the oxide fill and planarization. The cross-section
is perpandicular to the bit lines.



the present invention. 20 Figure 29B is a graph illustrating the
characteristics of the cell of Figure 29A. Figure 30 is a cross-sectional
el evation view of a two termnal cell built in accordance with an

enbodi ment of the present invention. Figure 31 is a cross-sectional

el evation view of a three termnal call 25 built in accordance with an

enbodi mewd epdistire present invention. Figure 32 is a craogSrgfghsgnal
el evation view of a three-dimensionsl nenory array enploying rail stacks

built in accordance with an enbodi nent of the present invention. WO
02/ 015277 PCT/ US01/25092 14 Figure 33 is a perspective view of a cell

formed as a ﬁbbt@%@'@é"ées@e Sra81setibnal" G\P%ffdt‘ﬁ tcﬁ b sabash ment of
t he prese[ig |nventbﬁt gure 34 IECE ﬁ%é)t a cell forned as
a pil | aPrefefrgd, gm 'Qﬁﬂt 3% & V8 "‘8?'08 ectﬂw BRallS array of
5 devi ceerpePdigular t®7thesbitlisésde cross-sectional view of a wafer after ONO
dielectric, first gate electrode, protective oxide and bl ocking nitride

| ayers haveﬁ ) FEhed em brose-seelibagl kol the heaprofegbpireresd of the

arr ey ”Ltwseviﬁr% PRfse? Yy rotfpeehe’ Bio sbhPRRRST i plfndlafitt o T

cr oss- stha bisAines. porpondioular to the bit lines. Figure 39 is a side
cross-sectional view of the array after salicide process. The
Cr oss- sect i oFiguses) @8FeGdand |4ZA-LOistrale wltbrmative dbthodpioé Meking a si de

Cross: seefi gnah arkfMePh ptrgt@d)% ﬁbﬁét the oxide fill and planarization.

The cross- sectlon S perpen rto t e bit lines. Figure 41 I's a side
cross-sectio aI gﬁ e arri%é after theagl ockin | ayer I renmoved. The
cross sectio Eesp W8P PG SIEE FIRESBRENIN é"é’f’wﬁi"gu Bay OF W0 4o

cr o$@- spufewsad|aspeets of at preferedpmhodimgnivefter Ivivord T fownation.ofhe The

Cr 0SS- S@fdsisQbctid NS 'HRpPEHAeIA td thel B liRkS. | i nes.

Figure 62 is a three d:mensnonal view of a three dtmens:onal array of a
preferred smbodiment.

Figure B3 Is a side cross-sectional view of a word line contact

15 conductor and bit line contact conductor at the same level. Openings are
made for the next level contacts.

Figure 54 is a side cross-section view of a word line contact conductor
in level N+ 1 and word line and bit line contact conductors in level N.
Landing pads are made in level N+ 1 conductor for the next level contacts,

20 Figures 55-61 are side cross-sectional views of é method of making
the array of a preferred embodiment. The cross-section is perpendicular to
the bit lines. '

Figure 62 is a top view of the array of a preferred embodiment of the
present invention after forming crystallization windows.

25 Figures 83 and 84 are side cross-sectional views along lines A-A and
B-B, respectively, in Figure 62. The cross-section is perpendicular to the bit
lines in Figure 63 and parallel to the bit lines in Figure 64.

Figure 65 is a top view of the array of a preferred embodiment after
the crystallization of the active layer.



Figure 43 is a side cross-sectional view of the array after word |ine
formation along line A-Ain Figure 42. The truss-seutiou is perpendicul ar
Lo the word |ines and passes through a' bit line. Figure 44 is a side
cross-sectional view of the array after word line 25 formation along |ine
B-Bin Figure 42. The cross-section is perpendicular to the word |ines and
passes tW0O2AMS2H transi stor channel .. Figure 46 is a simI/AwsInes9secti ona
view of the array of the second pr¥ferred enbodi nent after the oxide fil
and planarization. The cross-section is perpendicular to the bit lines. WO
02/ 015277 PCTNS01125092 15 Figure 46 is a side cross-sectional view of the

array of therpgpe@ee i®'£beskfR §Mﬁnﬁ°ﬂf Fpnéssd%f:‘?e"“g‘ﬁ’4ép-rm°9n' The

Cross-section 'ﬁ gerdgendi cul ar the bit i g_ﬁ,r& . is_a side

cr oss- s SUPPRTQNEl MEMBY Y H} pesPrgrnce Myith arsragific efbgdimeahof theer wor d

| i ne fopresendinvefti®ner oss-section is perpendicular to the bit |ines.
Figures 48A-C and 49A-C illustrate "alternative nethods of making a TFT of

the array of Fryupe @7eisr«£dranibg Ghawihg aﬁiweﬂ%n%ﬂc%%d s'é&’gaﬁéi ﬁé\?ﬁof ;
Crosg- secti L referted aspects. of a
pr ef%r r e‘&%ﬁﬂ%ﬁﬁ%ﬁ%ﬁ%&ﬁg?’é "ﬂéﬁg&fd%‘%ﬁ%t"}”g%% %ﬁe@‘ﬁ% FS?’S"?"S'BEPT 83 S

per pend it PEISeRb IRt | ines. Figure 62 |Is a three dimensional view of a
three dinensional array of a preferred enbodinment. Figure 53 is a side

cross- sect i ohigure i68\isod drawingl shewingcantbagilan ievwe afduetemondrrby tinl i ne
cont act HEQRYdUAES with aldpRoRR EmbEfhent HARL MSsHi SnvdMifln, fOr the-next | evel

contacts. Figure 54 is a side cross-sec?ﬁgﬁgw ew o‘f a word f.ine contact
conductor ig level, N +.1 and rd Line and bit |ine tantact conductors in
| evel N. La?y'&“ﬁ%_%p?a‘ £ g?aé"%ﬁﬂcfg%?"ﬁng @9@"3%(%[«9“?} SmaﬁgPHPnﬁ?lo‘f'eY"h% Aext | evel
confl@ct ghreeglimeyaionsl 5BNEIryaresindeaccordaweseithi ospécific embarfimantref hod of
maki ng tﬁ@ﬁ,@@h@mﬁntﬁnpreferred enbodi nent. The cross-section is

per pendi cul ar to

Figure 70 is a drawing showing an elevational cross sectional view of a
two-dimensional memory array in accordance with a specific embodiment of
the present invention. '

18 Figure 71 is a drawing showing an elevational cross sectional view of a
three-dimensional memory array in accordance with a specific embodiment of
the present invention.

Figure 72 is a drawing showing an elevational cross sectional view of a
memory array in accordance with a specific embodiment of the present
20  invention.

Figure 73 is a drawing showing an elevational cross sectional view of a
three-dimensional memory array in accordance with a specific embodiment of
the present invention.

Figures 74 and 75 are drawings illustrating methods for programming
25 memory cells in accordance with a specific embodiment of the present
invention. -

Figure 76 is a drawing illustrating a method of fabrication of memory
cells in accordance with a specific embodiment of the present invention.

Figure 77 is a cross sectional drawing illustrating a SONOS on a .
30 dielectric stack.



the bit lines. Figure -62 is a top viewof the array of a preferred

enbodi nent of the present invention after formng crystallization wi ndows.
25 Figures 63 and 84 are side cross-sectional views along |lines A-A and
B-B, respectively, in Figure 62. The cross-section is perpendicular to the
bit lines in Figure 63 and parallel to the bit lines in Figure 64. Figure
65 is a WOP2018TW of the array of a preferred enbodi nentrel/usm2s®dbe
crystallization of the active |ayerl? WD 02/ 015277 PCTNSOLl/ 25092 16 Figure
66 is a drawi ng showi ng a front perspective view of a two- di mensi onal
menory array in accordance with a specific enbodi nent of the present

invention. Feglihe $& isSaa W oW} n. | O r ectional
vi ew of 5 tth)’- d?ma?rsls?oﬁﬁsg\%ﬁg?ﬁlgaméggn?nmg%:@%@g nég?avﬁ%f: ﬁfsga@Bgci fic
enbodi ros StorgQe pegelAL i nvention. Figure 68 is a drawing showing a top
plan view of a nmenory array in accordance with a specific enbodi nent of

the present Figreatd%rs aRirges-sedioriab deawlingvwing bitioeiafgiapedepelyalliconal cross

secti ondlavifigeVe OteRactbfy - Hkae- SlicTBE'S foMfdd MHEPEN ab" MhdrBye AfHEFIaNCE Wi th
a spgci fi cq50hadi ment of the present invention. ' Figure 70 is a drawing

show ng an erevdtional cross sectional view of a two-dinmensional nenory
array in accgrdance with a specific enbodi nent of the presént invention.
15 Fi gure 71Flaure 8@ Js § Frasmseatipnah dsawing: pbRapubsaie Weeecaidancei ew of a

t hr ee- divitin ai spealficemboginsdritayf the pressrtdavertion.t h a specific enbodi nent of
the present invention. - Figure 72 is a draw ng show ng an el evati onal

1 0ss Sect i ORglurid QB 1H INBHRY skt 3 ABABKEINGT d'bidhnaroBRE| (1 ©
enbodi ment._of the %&ssnt %D | nventi on, Fégur.e .I's a draw’ng Showi ng an
el evat i JhEFCYHgage SREFTIG; «mPediment of the PIRSeBh VERAC Y enory array i n
accordance W th a specific enbodi nent of :

10 Figures 82A-82I illustrate steps in the fabrication of a memory array in

accordance with a specific embodiment of the present inverntion,

Figures 83-85 illustrate flash memory arrays according to a preferred
embodiment of the present invention.

Figures B6A-86J illustrate methods of making the arrays of Figures 83-
15 85.

Figure 87 Iillustrates a CMOS array according to a preferred
embodiment of the present invention. . ’

Figures 88A-D illustrate a method of making the CMOS array of Figure
87.

20 Figures 89-92 illustrate logic and memory circuits using the CMOS
array of Figure 87. '

Figure 93 is a process flow diagram illustrating a process for
fabricating a crystallized amorphous silicon layer for use in a non-volatile TFT
memory device in accordance with a specific embodiment of the present

25 invention. ’

Figures 94A-94H are vertical cross-sectional drawings illustrating steps
in the process of Figure 93.

Figure 95 is a top plan view of a portion of a silicon wafer after
processing in accordance with the process of Figure 93.



the present invention. Figures 74 and 75 are drawings illustrating nethods
for programming 25 nenory cells in accordance with a specific enbodi nent

of the present invention. Figure 78 is a drawing illustrating a rne-I-hod
of fabrication of nenory cells in accordance with a specific enbodi nent of
the present invention. Figure 77 is a cross sectional drawng illustrating
a SONCS ¥R 001537 di el ectric stack. WO 02/015277 PCT/ USQe126609250947 Fi gure
78 is a cross-sectional drawing illMstrating a nanocrystafline charge

storage nedium Figure 79 is a cross-sectional drawing of a bitline of
doped polysilicon having a refractory metal silicide formed therein to

i nprove |ateFi@ure@S@ﬂdﬂ(‘afré‘szYrdtlghQHf%rlgpaitm) i¢dsdSs-sectional draw ng of
a substrate in accordance a specific enbodi ment of the present

i nvention, Figures 81A-81H illustrate steps in the fabrication of a nenory
array in accordance with di specific enbodi nent of the present invention.

10 Figur, - S L brication of a nmenory array in
accordamgﬁ%mgﬁ%@m%ﬂﬂ&vem iorn. Figures
83-85 illustrate flash nenory arrays according to 'a preferred enbodi nent
of the' presdf RTASEH: INvATIOS davedesizadabat the aest af enaneetyoarsd dfgicmki ng t he
arrags devides\wooldde dbBreiBed it s BoBiLeiddndity r@@%@@éﬁ A rhgcor di ng
0 a pr €s I nvention res

i|lustr trggog‘qsre‘f%{g% %g@gém"gﬁd‘?&;@ %&Sﬁ?sreaﬂf'a ix Brgy ‘9@‘793 ?Ef’rﬁgﬁur es
89-92 | Ispm?ruit@twoge\dc%mwm@hbag/aoumczraasa;l devisiiy arftca @MESr cast.ay -of Fi gure
87. Figure 93 is a process flow diagramillustrating a process for

One method of improving device density is to arrange the devices in a

monolithic’ three dimensional array uf charge storuge devices comnprising a
10 plurality of device levels. The term “monalithic” means that layers of each
level of the array were directly deposited on the layers of cach underlying
level of the array. In contrast, two dimensional arrays may be formed

separately and then packaged together to form ‘a non-monolithic memory
device.

15 In order to form such a three dimensional array, especially an array
having four or more layers, at least one surface between two successive
device levels is planarized by chemical mechanical polishing {CMP). In
contrast to other planarization methods, such as etch back, chemical
mechanical polishing allows a sufficient degree of planarization to stack

20 muitiple device levels of a 'commerciallv feaslble device on top of each other.
The inventors have found that chemical - mechanical poiishing typically
achieves flatness on the order of 4000 Angstroms or less within a stepper
field (i.e., a peak to peak roughness value of 4000 Angstroms or less in an
area on the order of 10 to 50 mm) in three-dimensional memory arrays, even

25 after 4 to 8 layers of the array have been formed. Preferably, the peak to
peak roughness of a layer in the array polished by CMP is 3000 Angstroms or
less, such as 500 to 1000 Angstroms, within a stepper field. In contrast,
etch back alone typically does not afford sufficient flatness to achieve a
commercially suitable three-dimensional memory or logic monolithic array.,

30 For example, the term “at least one surfade between two successive
device levels is planarized by chemical mechanical polishing” includes
surfaces formed in the bottom and intermediate device layers, as well as
surfaces of the interlayer insulating fayers that are disposed in between the



fabricating a crystallized anorphous silicon layer for use in a _

non-vol atile TFT nmenory device in accordance with a specific enbodi nent of
the present 25 invention. Figures 94A-94H are vertical cross-sectional
drawi ngs illustrating steps in the process of Figure 93. Figure 95 is a
top plan view of a portion of a silicon wafer after processing in

accor danwWe @P1Se7% he process of Figure 93. WO 02! 015277 REAVUL§3R4@5092 18
Figures 96-101 are illustrations of¥rior art devi ces. DETAILED

DESCRI PTI ON Q8 THE PREFERRED EMBCDI MENTS The present inventors have _
realized that the cost of menory and logic 5 devices woul d be decreased if
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order to formsuch a three dinensional array, especially an array having
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area on dhhe ik @lvidds.! Ancfortst! 3 biliEFad dROSHNG: SR Yrédentys: €ven
15 invention provides a monolithic three dimensional array of charge. storage
devices formed in an amorphous or polycrystaliine semiconductor layer over a
monocrystalline semiconductor substrate, while at least part, and preferably
all, the driver {i.e., peripheral) circuitry is formed in the substrate under the
array, within the array or above the array. Preferably, the driver circuitry
20 comprises at least one of sense amps and charge pumps formed wholly or
partiallty under the array in the substrate.

Figure 35 schematically illustrates an array of chargs storags logic or

memory devices 3101 formed above an interlayér insulating layer 3102
disposed above a monocrystalline substrate 3105. The array of charge

25 storage logic or memory devices 3101 are thus arranged as a three
“dimensional monolithic array thin film transistors or diodes in amorphous or
polysilicon layers. The array 3101 has & plurality of device levels 3104,
preferably separated by interlayer insulatin'g layers. The driver circuits 3103,
such as sense amps and charge pumps, are disposed in the monocrystaliine

30 substrate 3105, as CMOS or other transistors. Figure 38 schematically
ilustrates an array of charge storage loglc or memory devices 3101 formed
above a monocrystalline substrate 3105 as thin film transistors or diodes in
amarphous or polysilicon layers. The driver circuits 3103, such as sense

amps and charge pumps, are formed within the array 3101 and/or above the
35. array 3101.



25 after 4 to 8 |layers of the array have beers fornmed. Preferably, the peak
to peak roughness of a layer in the array polished by CvW is 3000
Angstronms or |ess, such as 500 to 1000 Angstronms, within a stepper field.
In contrast, etch back alone typically does not afford sufficient flatness
to achieve a comercially suitable three-di mensional nmenory or |ogic
nonol i t W@ 0e1s2x7. 30 For exanple, the term"at | east orecIusMasm®zbet ween
two successive device levels is pl#narized by chem cal nechani cal
pol i shing" includes surfaces formed in the bottom and internedi ate device
| ayers, as well as surfaces of the interlayer insulating |layers that are

di sposed in 2,415 E, 9 | |_ayers.
Thus, the. suﬁ{ggﬁnéﬁé@g@gtl eé‘gﬁé/ g&?%su ﬁgﬁ%&%@%ﬂ&e‘ea@ﬁ
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in the pri HSIE, % FETERed J1RReE sFevice JRYSTo@Ped BIASKdi. nedrticHler{ he

pr esent examplaseoit alignedpmemiate selis noth bkidistussedh ire enatie densil balalw.ar r ay of
charge. storage devices forned in an anorphous or polycrystalline

sten} conduct oTI'héa)éaérgbveétoﬁagerw&lreiésfoflhmepdeaﬁﬁﬁ ﬁ,quq,%t UnySUYSE" F,rfe, whil e
v cur o Py BE By R SiPig bntyiesuphices SPRRMIS fir BEBRORK. ar ray o
abol? t Wt the rerpferred raspbedipients eofdthey present duventiorp loccriised e sdettil | east one
of senseehmpSthachara Borayermida aRdoWRBA i VaFiouP Fohfiglitationddgleh he array
in the ﬁﬁ'basbﬁfa} ®FT EEPROM, a pillar diode with a charge storage region, a.self
aligned TFT EEPROM, & rail stack TFT EEPROM, and various other
configurations. Each of these configurations provides devices with a high
20 degree aof planarity and alignment or self-alignment to increase the array
density.

For example, in the pillar TFT EEPROM or a pillar diade with a charge
storage region, at least one side of the semiconductor active region is aligned
to one of the electrodes contacting the semiconductor active region. Thus, in

25 apillar TFT EEPROM configuration, the semiconductor active region is aligned
to both the source and the drain electrodes. This alignment occurs because
at least two sides of the active semiconductor region and one of the
clectrodes are patterned during a same photolithography step {i.e., etched

using the same photoresist mask or ons layer is used as a mask-for the other
30 layer). '

In a self-aligned TFT, two sides of the active semiconductor region are
aligned to a side of the gate electrode only in the channel portion of the
active semiconductor region, but not in the source and drain regions. This
_alignment occurs because at least two sides of the channel region and the

35 gate electrode are patterned during a same photolithography step {i.e., stched



Figure 35 schematically illustrates an array of charge storage |ogic or
menory devi ces 3101 formed above an interlayor insulating |ayer 3102

di sposed above a nonocrystalline substrate 3105. The array of charge 25
storage logic or nmenory devices 3101 are thus arranged as a three

di mensi onal nmonolithic array thin filmtransistors or diodes in anorphous
or pol YSPRBESAT ayers. The array 3101 has a plurality mfTrsism:| evel s
3104, preferably separated by into¥ ayer insulating |ayers. The driver
circuits 3103, such as sense anps and' charge punps, are disposed in the
nonocrystalline 30 substrate 3105, as CMOS or other transistors. Figure 36

schenat g the ééﬁ)ﬂ%irfo@ér%‘éls@%ﬂkr&yo@ la?Blafsg&seﬁ:LQ% gif'nglsg?épth%r

devi ces 31 ve a nonocryst al I n f| | m
transi st]%'ql L’ﬂ‘?%’iﬁ%%t esSWrﬁWu@yﬁ‘rreﬁmWrPﬂﬂTrPtFB%rs The driver
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levels.

i. ~ THE PILLAR DEVICES

20 The present embogliment is directed to thin film transistors (TFTs) and.
diodes arranged in a pillar configuration {i.e., the vertical direction with
raspect to the substrate, where the length of the device is perpendicular to
the substrate) and their method of fabrication. Preferably, th'e pillar devices
form a charge trapping memory that has a vertical read current. The memory

25 includes a first input/foutput conductor formed on or above a plane of a
substrate and a second input/output conductor located above and spaced
apart from the first input/output conductor. The first input/output conductor
and the second input/output conductor are positioned so that they overlap or
intersect ohe another and preferably intersect perpendicular to one another. .

30 A semiconductor region, such as a doped silicon region, is formed betwsen
the first input/output conductor and the second input/output conductor at the
intersection of the first input/output conductor and the second input/output
conductor. A charge storage medium, such as but not limited to a charge
trapping dielectric, is formed near the semiconductor region and affects the



as a pillar TFT EEPROM a pillar diode with a charge storage region, a.
self aligned TFT EEPROM a rail stack TFT EEPROM and vari ous ot her
configurations. Each of these configurations provides devices with a high
20 degree of planarity and alignnent or self-alignment to increase the
array density. For exanple, in the pillar TFT EEPROM or a pillar di ode
wi th a cWenyeis2&t orage region, at |east one side of thercEruUsSAsWICt Or
active region is aligned to one of2X he el ectrodes contacting the

sem conductor active region. Thus, in 25 a pillar TFT EEPROM
configuiration, the sem conductor active region is aligned to both the
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are not set forth in detau\?nln order arily obscure'the
Becgemn | amobhepi g Qiiined BogE. P dlagTagp i Bumars Aot haes >
var i1 ®us pprsengembodiment can be fabricated with one of two general structures. in

one embodiment the charge storage medium is formed adjacent to the

semiconductor region and in a second embodiment the charge storage

medium is formed above or below the semiconductor region.

20 1. A Three Terminal Pillar Memory with Adjacent Charge Storage Mediﬁm'

An embodiment of the present invention is a three terminal nonvolatile
stackable pillar memory device. A pillar memory device 100 in accordance
with this embodiment of the present invention is broadly illustrated in Figure
1A. Pillar memory device 100 includes a first contact region 102 formed on

25 a first inputfoutput {I/Q) 103 conductor formed on or above a plane (x-y} of a
single crystal substrate 101. A semiconductor body 104 is formed directly
on the first contact region 102 and a second contact region 108 is formed
directly on the body 104. A sescond 1/O conductor 116 is formed on the
second contact region 106. The first contact region 102, the body 104, and

30 the second contact {source/drain) region 108 are each vertically aligned with
one another to form a pillar 108. Adjacent 1o and In contact with body 104
is a charge storage medium 110, A controf gate 112 is formed adjacent to-
and in direct contact with the charge storage medium 110: The control gate
112 and charge storage medium 110 are constructed so that they lie laterally



devi ces, the second set of enbodi nents descri bes self-aligned TFT devices
and the third set of enbodi nents describes rail stack TFT devices, The
fourth and fifth set* of enbodi nents descri bes how these devices nay be 15
used in a logic. or nmenory circuit. The final set of enbodi nents describes
the wuse of netal induced crystallization to inprove the crystallinity of
the deviweonzeeeis. 1. - THE PILLAR D1zVI CES 20 The pr eREHUS@2B098i nent i s
directed to thin filmtransistors (¥Ts) and diodes arranged in a pillar
configuration (i.e., the vertical direction with respect to the substrate,
where the length of the device is perpendicular to the substrate) and
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representing a different state of the charge storage medium. Because the
charge storage medium can contain multiple states, multiple bits can be
stored in a single charge storage medium.

During read operations of device 100, when a conductive channel is
20 formed in body 104, current 114 flows vertically {z) tor perpendicular) with
" respect to the plans (x-y) of the substrate 101 above which piliar memory
device is formed. By creating a memary device with'a “vertical” read current
path, the pillar memory cell of the present invention can be easily stacked in

a three dimensional array with source/drain conductars 103 and 1186 running '
25 parallel or perpendicular to each other and parallel to the plane of the
substrate 101 without requiring the use of vertical interconnect strategies for
the source and drain connections. The conductor 112 to the control gate

may be run vertically (as shown in Figure 1A) or horizontally.

Although memory device 100 shown in Figure 1A includes a charge

30 starage medium 110 and a controfl gate 112 formed on only one side or
surface of plllar 108, it is to be appreciated that the pillar memory device of

the present invention can be fabricated so that the entire body 110 of the
pillar 108 is surrounded by a single charge storage member 110 and a single
control gaté 112 as shown in Figure 1B, Additionally, éach surface of the

35 pillar 108 can have an independently controlied charge storage member and



I nput / out put conductor and the second input/output conductor flows in a 10
direction perpendicular to the plane of the substrate in which or an which
the nmenory is formed. The structure of the charge trapping nmenory of the
present enbodi nent, as well as its method of fabrication, is ideally suited
for integration into a three dinensional array of nmenory devices, As wll
be di scugeagllzeirow, the charge trappi ng menory devi ce HCHEW1/282.pr esent
enbodi ment can be fabricated with ode of two general structures. In one
enbodi ment the charge storage nediumis forned adjacent to the

sem conductor region and in a second enbodi nent the charge storage nedium
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with one andtipere 2oshows an pinhbedimens. of Athea prerent dnueRtiom RATEaEYE wi t h
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or not chal fftiN+S500RY/ArBirr Bataet FdRERTIVDIATEAN Y8kond source/drain region
208 comprising a heavily doped N+ silicon film having a doping density of
1x10"® to 1x10%, preferably 1x10'" to 1x10%, atoms/cm® is formed on.and
in direct contact with P type silicon film 208, as shown in Figure 2. A~
20 second conductive input/output (s.g. word line/bit line) 21Q is formed on the
second N+ source/drain region 208, The N+ source/drain films 202 and
208 can have a thickness between 500-1000A. The first and second
input/outputs 204 and 210 can be formed of a highly conductive material
such as but not limited to a metal such as tungsten, a silicide such as
25 titanium silicide or tungsten silicide, or "heavily doped silicon. In memory
device 200 N+ source/drain region 202, P type silicon body 206 and N+
source/drain region 208 are each substantially vertically aligned with one
another to form piltar 207.

Pillar memory 200, shoWn in Figure 2, has a charge storage medium

30 211 comprising a tunnel dielectric 212, a floating gate 214, and a control
gate dielectric 216. The tunnel dielectric is formed adjacent to and in direct
contact with P type silicon body 206. A floating gate 214 is formed adjagent

to and in direct contact with tunns! dielectric 212. Floating gate 214
compnses a conductor such as but not limited to doped silicon, such as N

35 type silicon, or metal such as tungsten. The control gate diclectric 2186 is
formed adjacent to and in direct contact with floating gate 214. Finally a



110. The charge stored in the charge storage nedi um adds or subtracts from
the voltage applied to the control gate, thereby altering the voltage
required to forma conducting channel in body 104 to enable a current

(e.g., read current 1R) to flow between the first and second contact,
(source/drain) 10 'regions. This voltage is defined as the V-r. The anount
of voltageosemarred to forma conducting channel in baRyT/U28092t he anpunt
of current flowing in the body for2¥ given control gate voltage can be
used to determ ne whether or not the device is programred or unprogrammed.
Additionally, nmultiple bits of data can be stored in a. single charge
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Pillar memory 200 is considered programmed or unprogrammed
depending upon whether or not charge is stored on floating gate 214, Pillar
memory device 200 can be programmed utilizing drain side programming

20 whereby slectrons are placed on floating gate 214 by grounding the source
reglon 202 while a relatively high voltage is applied to the drain region 208
and while approximately 4-5 volts, for low voltage operations, or 6-10 volts,
for high voltage operations, is applied to control gate 218 in order to invert a
portion of P-type’ silicon region 206 into N type silicon so that a channel

25 region is formed and electrons flow between the source region and the drain
region. The high control gate voltage pulls electrons from the inverted
channel region through the tunnel dielectric 212 and on to floating gate 214.
Because electrons lose some of their energy tunneling through the tunnel
oxide, they no longer have enough energy to escape from the floating gate

30 which is surrounded by insulators. Other techniques such as but not limited
to source side Injection can be used to program memory device 200,

Memory device 200 can be erased by removing stored electrons from

floating gate 214. Meamory device 200 can be erased by placing a relatively

high positive voltage (3 volts) on to the source region, while applying a

35 negative vb!tage of approximately 4-5 volts in low voltage operations or 8-10



control gate as shown in Figure 1C and thereby enable nultiple bits of data
to be stored in a single pillar nenory device of the present invention. The
use of nultiple charge storage nenbers and control gates enables the
storage of multiple values on a single pillar device by determ ning how
much 5 of the channel is exposed to charge. Additionally, each face of body
104 of YWORES2TDS can have different doping densities POI/USEA5M2di fferent
threshold voltages for each face t# further enable the pillar nmenory to
store additional states and therefore additional bits. Figure 2 shows an
enbodi nent of the present invention where the 10 pillar 207 conprises a
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type siliconFigoty 326BowaA driathér sbgalmertléf itse nohvbduad pdRe Themory

device of the present invention. Figure 3 shows a 'three. terminal nonvolatile

pillar memory device 300 having an uftra thin silicon channel or body 302.

{.ike memory device 200 the ultra thin memory device 300 has a first N +

2C_) source/drain contact region 202 formed on a first input/foutput 204. An

insulator 304, such as an SiO, film or a silicon nitride film, is formed on the

first source/drain contact region 202. A second N+ source/drain region 208

is formed on the insulating layer 304. Insulator 304 separates’ the

source/drain regions 202 and 208 from one another and thersfore défines the

25 channel length of the device. A thin P-type silicon fiim 302 having a

concentration in the range between 1x10% to 1x10® atoms/em?® is formed

along the sidewalls of the N +/insu!s_atorlN + stack so that it is adjacent to and

in direct contact with the first and second sourcefdrain regions as well as

separating insulator 304. The P-type silicon film acts as the channel or body

80 for the device and bridges the gap between source/drain regions 202 and

208. By forming a thin P-type siticon film adjacent to the N +/insulator/N 4+

stack the channel region can be made extremely thin, between 50-100A.

The thickness of the P-type silicon film which represents the channel

thickness is preferably less than 1/2 the channel length (i.e. the distance

35 between the source/drain regions 202 and 208} snd ideally fess than 1/3 the
channgl length.



to and in direct contact with tunnel dielectric 212. Floating gate 214
conpri ses a conductor such as but not limted to doped silicon, such as N
35 t/pe silicon, or metal such as tungsten. The control gate dielectric 216
is forned adjacent to and in direct contact with floating gate 214.
Finally a WO 02/ 015277 PCT1US01125092 25 control gate 218 is forned

adj acent wigydiétyt N di rect contact with control gate di BEBUSINAE02216.

Control gate 218 is forned of a con@uctor such as but not limted to doped
silicon or a netal such as tungsten. The thicknesses of P type silicon film
206 and' tunnel dielectric 212 are 5 dependent upon the desired progranmm ng
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then anisotropically etched so that P-type silicon film 302 is removed from
horizontal surfaces and remains on vertical surfaces such as the sidewalls of
pillar 3086. . In this way the P-type silicon film is formed adjacent to ‘the pillar
20 and bridges the source/drdin regions across the insulator 304. The charge
storage medium 211 and control gate 218 can then subsequently be formad

as in the other pillar devices.

Figure 4 shows another embodiment of the three terminal stackable

. nonvolatile pillar memary device of the present invention. Figure 4 is a three

o5  terminal stackable non-volatile pillar memory device where Schottky contacts
form the source and drain regions of the device. The Schottky contact
MOSFET 400 of the present invention includes a first metal contact 402
formed on a first input/output 204. A doped silicon body or channel 404
such as N type silicon doped to a concentration level between 1x10% to

30 1x10'® atoms/em® and having a thickness desired for the channel length is
formed un metal contact 402. A second metal contact 406 is formed on and

in direct contact with silicon body 404. A second l/O is then formed on
second metal contact 406. First metal contact 402 and second metal
contact 406 are formed of a material such as platinum silicide, tungsten

35 silicide and titanium silicide and to a thickness that forms a Schottky barrier
contact with silicon body 404, The first metal contact 402, silicon body



channel region through the tunnel dielectric 212 and on to floating gate
214. Because el ectrons | ose sone of their energy tunneling through the
tunnel oxide, they no | onger have enough energy to escape fromthe
floating gate 30 which is surrounded by insulators. OQher techniques such
as but not limted to source side injection can be used to program nenory
devi ce 2WQ 02Ty devi ce 200 can be erased by renovi ngpst/osagsekect rons
from floating gate 214. Menory dev#ce 200 can be erased by placing a
relatively high positive voltage .(3 volts) on to the source region, while
appl ying a 35 negative voltage of approximately 4-5 volts in |ow voltage
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t he density between 1x10"s to 1x10'"® atoms/em? is formed on and in direct

contact with P+ silicon film 502. An N+ type silicon contact region 506
having & doping density between 1x10'% to 1x10%, preferably 1x10™ tg
1x10%, atoms/cm® and a thickness between 500-1000 A is formed directly
20 on P- silicon film 504. In an embodiment of the present invention P+ silicon
’ film 502, P- silicon film 504, and N+ silicon film 506 are each vertically
aligned with one another to form a pillar 508 as shown in Figure 5. Memory
device 500 also includes a memory storage medium 211 formed adjacent to
and in direct contact with P- silicon film 504 and N+ silicon film 506 as
25 shown in Figure 5. Ad]acant to and in direct contact with oharge storage
medium 211 is a control gate 218. Additionally, like transistors 100, 200,
300, and 400, when gated diode 500 is turned “on” a current (1) travels from
P+ silicon film 502 to N-type silicon film 506 in a direction perpendicular {z)

to the plane {x-y) of the substrate 501 on or above which device 500 is
30 formed. : .

Although devices 200-500 have been ‘'shown with 3 charge storage
medium comprlsmg a continuous film floating gate 214 isolated by a tunnel
dielectric 212 and & control gate dielectric 216, the floating gate need not
necessarily be formed from a continuous conductive fiim of silicon or metal

35 but can alternatively be formed from a plurality of a slectrically isolated
nanocrystals 602 as shown in Figure 6. Nanocrystals are small clusters or



first source/drain contact region 202. A second N+ source/drain region 208
Is formed on the insulating |layer 304. Insulator 304 separates' the
source/drain regions 202 and 208 from one, another and therefore defines
the 25 channel |ength of the device. Athin P-type silicon film 302 having
a concentration in the range between 1 x' 1078 to 1 x10" atons/cnB is
fornmed wiomegietre sidewalls of the N +/insulator/N + stRCkuUsw/2s0at it is
adjacent to and in direct contact #th the first and second source/drain
regions as well as separating insulator 304. The P -type silicon filmacts
as the channel or body 30 for the device and bridges the gap between
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deposited oyer substrate avi ng a rne t al 04. .The stack is
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t echt quilen Floating gatéd.ar ' 306 is shown' in _Figure 35. A P-type silicaon
filmcan then be bl anket deposited over the pillar 15 as shown in Figure

3C. The P-typRakddriys@ils f02ndaf BEPREMES b ondlidthleNBsdterlal such as
silicon, tungsten, or aluminum. In order to be self isolating, the nanocrystals
must have a material cluster size less than one-half the pitch of the cell so
that floating gates from vertically and horizontally adjacent cells are isolated.
20 That is, the nanocrystals or material clusters 602 must be small enough so
that a single nanocrystal 602 cannot bridge vertically ot horizontaily adjacent
cells. Silicon nanocrystals can be formed from silicon by utilizing chemical
vapor dsposition to decompose a silicon source gas such as silane at very-
low pressure. Similarly, a tungsten nanocrystal floating gate can be formed
25 by chemical vépor deposition by decomposing a tungsten source gas such as
WF, at very low pressures, Still further, amr aluminum nanocrystal floating
gate can be formed by sputter deposition at or near the meiting temperature
of alumlnum

Additionally, alternative to the use of a dielectric isolated floating gate

30 to stors charge in the memory devices of the present invention, one can’'use
a trapping layer formed in the dieleciric stack 702 as shown In Figure 7. For

- example, the charge storage medium can be a dielectric stack 702
comprising a first oxide layer 704 adjacent to the silicon body or channel, a
nitride layer 708 adjacent to the first oxide layer and a second' oxide layer

35 708 adjacent to the nitride layer and adjacent to the control gate 218. Such
a di_electric stack 702 Is sometimes referred 1o as an ONO stack {i.e., oxide-



desired for the channel thickness of the device. The P-type polysllicon
filmis then anisotropically etched so that P-type silicon film302 is
removed from horizontal surfaces and remains on vertical surfaces such as
the sidewalls of pillar 306.. In this way the P-type silicon filmis
formed adjacent to the pillar 20 and bridges the source/drain regions
across twewmsatrat or 304. The charge storage nedi um 21BCHETS0128092r ol gate
218 can then subsequently be forned3® as in the other pillar devices. Figure
4 shows anot her enbodi nent of the three term nal stackable nonvolatile
pillar menory device of the present invention. Figure 4 is a three 25
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shown in Flgura 8A. The film stack 802 can then bes masked and all three
films anisotropically etched in a single step as shown in Figure 8B to form a
pillar 804. An oxplicit pillar formation step can form a pillar having any
desired shape. For example, the pillar 804 can take the shape of a square as

20 shown in Figure 8B or can take the shape of rectangle, or 2 circle when
viewed from above. '

Alternatively, as shown in Figures SA and 9B, a pillar can be formed by
the intersection of the patterning of the first and second 1/O’s. For exampls,
a pillar can be formed by first blanket depositing a first ¥O conductor 900
25 followed by the sequential blanket deposition of the film stack 802 (e.g..
N+/P-N+) of the desired pillar, The first /O [ilm 900 and the pillar film
stack 802 are then etched to form a plurality of pillar strips 904 as shown in
Figure 9a, During subsequent processing to pattern the second 1/Q, the
second 1/O 906 is etched in a direction perpendicular or orthogonal to the
30 plurality of strips 904. The etch step used to pattern the second /O 906 is
continued so as to etch away the pillar film stack 902 from the portions of
the strip 904 which are not covered or masked by the second /O 806. In _
this way, a pillar 808 is formed at the intersection of the first and second
{/0’s. The pillar 908 is formed in direct alignment with the intersection or



10 Figure 5 illustrates another enbodinment of a three term nal nonvolatile
menory device in accordance with the enbodi nent of the present invention.
Figure 5 illustrates a gated di ode nenory device 500. Menory device 500
includes a P + type silicon filmcontact region 502 having a dopant density
bet ween 1x1019 to 1x1021, preferably 1 x 1018 to 1x102 atons/cnB * and a 15
t hi cknesWO0¥@&h 500- 1000A. A P- silicon film 504 havPogusoihe@zng

densfty between 1x10'6 to 1x1018 at@&hsfcnB is forned on and in direct
contact with P+ silicon film502. An N+ type silicon contact region 506
havi ng a doping density between 1x10'8 to 1x1027, preferably I x 101' to 1

x1020, i t - O, A.ls fornegd directly 20
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nanocrysiRén td eRbLROHAESHAPRES removal of the floating gate material 1004 from
between adjacent celis so that the floating gates 1008 of adjacent cells are
isolated. '

It is to be appreciated that when the floating gate is made of
20 nanocrytals or when the charge storage medium is a trapping dislectric, the
films need not necessarily be etched from horizontal surfaces between
adjacent cells becauss thase films do not electrically couple adjacent cells. If
desired, however, charge trapping dielectric and nanocrystal floating gates
. -can be anisotropically etched back. Next, as shown in Figure 10D, a control
25  gate dielectric 1008 is blankei_: deposited over floating gate 1008 and the top -
of pillar 1000.

A control gate can aiso be formed using a “spacer etch” technique. In
such a case, a control gate material 1010, such as doped polysilicon, is
blanket deposited over the control gate dielsctric 1006 to the thickness

30 desi!’e?l of the control gate as shown in Figure 10D. The control gate:
material 1010 is then anisotropically etched back as shown in Figure 10E to
remove the control gate material 1010 from horizontal surfaces such as on
top of control gate dielectric 1006 and betwesn adjacent pillars or strips and
form a conirol gate 1012 adjacent to’ control gate dielectric 1006. The



self isolating. Nanocrystals 602 enable nmultiple self-isolating floating
gates 5 to be forned around a single silicon body 206. For exanple, with a
square or rectangular shaped pillar, a floating gate can be fornmed on each
side of the silicon body or channel enabling four or nore isol ated
floating gates to be formed around a single square pillar. In this way,

mul ti pl ewdy 201290 be stored in each pillar nenory. SinPCEUSYL/25MRcause
nanocrystals forma non-continuous 3 film floating gates can be fornmed
after two or nore levels of pillars are formed w thout worrying about
shorting of the floating gate of one cell level to the floating gates to
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floating gates. Nanocrystals 602 can be formed from conductive material
such as siliviie kUsgséamssany talisaiavauthe floatinglgate drdre ashadentseslisi i ng, t he
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in the small gap remains, so that it bridges adjacent cells and couples
horizontally adjacent cells as shown in Figure 11C.

20 Additionally, vertical sharing of the control gate can be achieved by
forming a contro! gate plug betwsen adjacent cells after two or more levels of
pillar have been formed as shown in Figure 12A and 12B. A control gate
plug can be formed by blanket depaositing a conductive film such as a doped
polysilicon film or a tungste‘h film 1200 over and between two or more levels

25 of pillars and then planarizing or patterning the portion of the tungsten film
-above the pillars to form a plug between pillars. In this way, the control gate
would be sharsd with devices on two or more vertical levels and between
horizontally adjacent cslls, I ’

A method of integrating the pillar memory device of the present

30 invention into a multi-level array of storage cells will now be described. As
shown in Figure 13, the fabrication starts by providing a substrate 1300 on
which the multilevel array of storage devices is to be formed. Substrate
1300 will typically include a lightly doped monocrystalline silicon substrate
1302 in which transistors such as metal oxide semiconductor (MOS)

35 transistors are formed. These transistors can be used as, for exampls,



a dielectric stack 702 is sonmetines referred to as an ONO stack (i.e.,

oxi de WO 02/ 015277 PCT/ US01/25092 30 nitride-oxide) stack. O her suitable
charge trapping dielectric filnms such as an H + containing oxide filmcan
be used if desired. It is to be appreciated that each of the menory devices
200-500 shown in Figures 2-5 can 'be nade of opposite polarity by -sinply
rever si ngo da/ois2er conductivity type of each of the silicPormwsgi2sews in the
pillar and mai ntaining concentrati o®ranges. In this way, not only can NMOS
devices be fabricated as shown in Figures 2-5, but also PMOS devi ces can
be formed if'dosired. Additionally, the silicon films used to formthe
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through the substrate while Figure 13B illustrates an overhead view of the

substrate ilooking down at the plane of the substrate 1300 across which the

devices of the present invention are fabricated. According to one

20 embodiment of the present invention, the memory devices are physically
separated from monocrystalline silicon substrate 1302, In an alternative
embodiment of the present invention, memory devices can be fabricated on a

glass substrate 1300 such as used in flat panel displays.

A process of forming a multilevel array of memory devices in

25 accordance with an embodiment of the present invention begins by blanket
depositing a first conductor fayer 1308 over surface 1306 of substrate 1300,
Conductor 1308 can be any suitable conductor such as but not limited to,
titanium silicide, doped polysilicon, or. a metal such as aluminum or tungsten
and their alloys formed by any suitable technique. Conductor layer 1308 is -

30 to be used as, for example, a bitline or a wordline to couple a row or column
of memory devices together. Next, a stack 1310 of films from which the

first level of pillars is to be fabricated is blanket deposited over conductor
1308 as shown in Figure 13A. For example, in one embodiment the pillar is

to comprise an N+ source/drain region, a P- silicon body, and an N + silicon

35- source/drain region. A suitable film stack 1310 can be formed by first
blanket depositing an amorphous silicon film by chemical vapor deposition



30 plurality of strips 904. The etch step used to pattern the second I/0O
906 is continued so as to etch away the pillar filmstack 902 fromthe
portions of the strip 904 which are not covered or masked by the second
110 906. In this way, a pillar 908 is forned at the intersection of the
first and second 1/Os. The pillar 908 is fornmed in direct alignnent with
t he i nt eWOROIBE? or WO 021015277 PCT/ US01125092 31 overtmpsafastshe first
and second i/0°s. The intersection #chnique of forming a pillar is

advant ageous because it saves additional |ithography steps. .The charge
storage nedi um of the nmenory device of the present invention can be formed
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or when ddpantharge storage nediumis a trapping dielectric, the filnms need
not necessarily be etched from horizont aI surfaces between adjacent cells
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gate di dbershidve talcpillar bbafiettidepesti o myeil/slicealhad 884 td §9§nand the
top a device 400 as shown in Figure 4, a P+/P-/N*+ stack to form a device 500
as shown in Figure 5, as well as an N +/Si0,/N+ stack to form a device 300
as shown in Figure 3A. Next, as shown in Figures 14A and 14B the blanket
20  deposited film stack 1310 and metal conductor 1308 are patterned utilizing
well-known photolithography and etching technigues to form a plurality of
pillar strips 1318. The films of the deposited film stack 1310 and metal
conductor 1308 are etched in alignment with one ancther and form strips
with vertical sidewalls,

25 Next, as shown in Figure 15A and 15B, if desired, the substrate can
be subjected to threshold adjusting jon implantation steps in order to alter the
doping density of the surface or face of the P type sificon region on each
strip. That is, at this time, a first ion implantation step 1315 can be used to
Implant one surface of pillar 1318 with P type dopants to :ncrease its P type

30 doping density or can be mplanted with N type dopants to counterdope and

'decrease its P type doping density. Similarly, after the first implant 1315
the substrate can be rotated and subjected to a second ion implantation step
1317 to elter the doping density of the opposite side or face of pillars strips
1318. The threshold adjustment implants should be of a sufficient dose to

35 sufficiently alter the threshold voltage of each face so as to be able fo
sufficiently distinguish or sense different read currents as;sociated with each



of pillar 1000. A control gate can also be fornmed using a "spacer etch"
technique. In such a case, a control gate material 1010, such as doped
polysilicon, is blanket deposited over the control gate dielectric 1008 to
t he thickness 30 desired of the control gate as shown in Figure 10D. The
control gate- material 1010 is then anisotropically etched back as shown in
Fi gur e 1WOH201527T enove the control gate material 1010 fromubavasexant al
surfaces such as on top of control 3gate dielectric 1006 and bet ween

adj acent pillars or strips and forma control gate 1012 adjacent to'
control gate dielectric 1006. The WD 02/ 015277 PCTI USOL/ 25092 32 control
gate di el 1o 4AGR PF MePBhSmplibRAFEloH RACkiseh SRk thabu0BP g om

bei ng et.cheid %‘grlng t he ,ani sotropi c e}c g e control gate mater]al.
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lithography to forma conductor strip which connects horizontally adjacent
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Silicon nanocrystals can be formed by depositing silicon in a manner
whereby silicon has a very high surface diffusivity relative to its sticking
coefficient, For example, silicon nanocrystals can be formed by chemical
vapor deposition {CVD}, by decomposing silane (SiH,} at a very low pressure,

20 betwe'e'n 1 millitorr to 200 millitorr, at a temperature between 250-650°C.
In such a process, a very thin deposition, between 50-250A, will form litile
islands 1322 of silicon. If M, is included with silane during the deposition, -
higher pressures can be _'utilized and still obtain nanocrystals. In an '
alternative embodiment of the present invention, metal nanocrystals such as

25  aluminum nanocrystals, can be formed by sputtering from a metal target at a
temperature near the melting temperature of the metal, so that the metal

" agglomerates angi forms nanocrystals. Tungsten nanocrystals can be formed
by chemical vapor deposition utiﬁz_ing a reactant gas mix co‘mprisiﬁg a
tungsten source gas such as WF; and germane (GeH,). In still yet another

30 embodiment of the present invention, a continuous film of floating gate
material can be deposited and then caused to precipitate (by heating) to
cause islands to-form in the film. '

It is to be appreciated that although nanocerystals are préferred for the
floating gate because of their self isolating quality, the floating gate can be
35 formed from a continuous film such as, but not limited to, a metal such as



pillar have been fornmed as shown in Figure 12A and 128. A control gate

pl ug can be formed by bl anket depositing a conductive filmsuch as a doped
polysilicon filmor a tungsten film 1200 over and between two or nore

| evel s 25 of pillars and then planarizing or patterning the portion of the
tungsten film 'above the pillars to forma plug between pillars. In this
way, theWed0r8T? gate would be shared with devi ces on rewmUSH28m2e vertical
| evel s and between horizontally adfacent cells. A nethod of integrating
the pillar nenory device of the present 30 invention into a nulti-|evel

array of storage cells will now be described. As shown in Figure 13, the
fab t th il I
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multiple |l evels of interconnects and interlayer dielectrics 1304 used to
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shows a gLoss-gec | onal %
iscuss above, the thickness of the tunnel dielectric as well as the
thickness of the P type silicon body or channel are dependent upon the
programming volitage desired.

20 Next, as shown in Figures 17A and 17B, a control gate material 1328
IS blanket deposited on and over strips 1318. The contral gate material is
formed to a thickness at least sufficient to fill the gaps hetwsen adjacent

,Strips.  Typically, a conformal film deposited to a thickness of at least one-
half the width of the gap 1330 will ensure complete filling of gap 1330. In

25 an embodiment of the present invention, the control gate material 1328 is a
doped polycrystalline silicon film formed by chemical vapor deposition.
Alternatively, the control gate can be formed from other conductors such as
a ‘blanket deposited tungsten film formed by chemical vapor deposition
utilizing WFs. Next, as shown in Figures 18A and 18B, the control gate film

30 1328 is planarized back by for example, chemical mechanical polishing untit
the top surface of the control gate is substantially planar with the control
gate dielectric on the top of strips 1318. A plasma etch process is then
utilized to recess 1331 the top surface of the control gate material below the.
top surface of strips 1318 and preferably to slightly above the top

35 source/body junction (e.g., junction of N+ silicon film 1316 and P- silicon
film 1314) as shown in Figure 18A. The control gate dielectric 1324 on the



t hrough the substrate while Figure 13B illustrates an overhead view of the
substrate | ooking down at the plane of the substrate 1300 across which the
devices of the present invention are fabricated. According to one 20
enbodi nent of the present invention, the nenory devices are physically
separated from nonocrystalline silicon substrate 1302. In an alternative
enbodi mreYOM0IFH2 present invention, nenory devi ces can Pea/dseisdesat ed on a
gl ass substrate 1300 such as used i #’fl at panel displays. A process of
formng a nultilevel array of nenory devices.in 25 accordance with an
enbodi ment of the-.present invention begins by blanket depositing a first
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bitline) for the second level of memory devices. Second conductive layer
1336 can be formed of materials and to thicknesses similar to first

conductive layer 1308,

Next, a film stack 1338, such as an N+/P-/N + stack, used to form
20 the second level of pillars, is blanket deposited over second conductive layer
13386 as shown in Figures 20A and 20B. The film stack 1338 can be farmed
with the same materials and to the same thickness as used for film stack
1310. Alternatively, if a different type of memory device is desired, then a

film stack corresponding to that device type would be formed.

25 : Next, as itlustrated in Figure 21A and 21B, the second pillar stack
1338 and the second conductive layer 1336 are patterned with well-known
photolithography and etching techniques to form a plurality of second p{llar
strips 1340 orthogonal or perpendicular to the first plurality of pillar strips
1318, it is to be appreciated that the films of the second piliar stack 1338

30 and the second conductive layer 1336 are etched in alignment with one
another 1o form a strip with substantially vertical sidewalls,

Figures 22A and 22B show the substrate of Figures 21A and 21B
rotated 90°, '



t hrough a subsequent anneal. Alternative to in situ doping, the stack of

filns

appropriate film stacks
met al / si WOBALTRET al
+JP-/N ~- stack to forma device 508 as shown in Figure 5, as well
+ /8i02/N + stack to forma device 300 as shown in Figure 3A. Next,

can be deposited as undoped silicon and then inplanted or diffused
with dopants. it is to be* appreciated that other nmenory devices in
accordance with 15 the present invention can be fabricated by depositing

to achieve their pillar configurations such as
strip to form a device 400 as shownrCTms#igeme 4, a P

as an N
as

shown in Figures 14A and 14B the bl anket 20 deposited filmstack 1310 and
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underlying silicon control gate 1332 from being etched as shown in Figure
23C. Additionally, the purpose of ILD 1334 is to electrically isolate control

gates 1332 from subsequently formed control gates for the second leval of
pillars.

. At this time, if deslred, the substrate can be subjected to successive
fon implantation steps to alter the doping density of each newly revealed
surface of P type body 1314 of pillar 1342 {see Figure 23A) in order to alter

the doping density of each face and therefore the threshold voltage of each
face.

Next, as shown in Figure 24, a tunnel dielectric 1344, a nanocrystal

floating gate material 1346, and a contro! gate dielectric 1348 are sach
successively blanket depositéed over substrate 1300 to form & tunnel
dielectric/floating gate/control gate on the sidewalls of pillar devices 1342 as
well as along the sidewalls of the second pillar strip 1340 (see Figure 23A) .
This film stack also forms along the top surface of the second pitlar strips

1340 as well as on the first conductor 1308 between the first level of pillars
1342 and on LD 1334,

The floating gate material need not be anisotropically etched to remove

floating gate material from gaps 1343 between adjacent pillars 1342 in order .



5 Next, as shown. in Figure 16A and 168, tunnel dielectric 1320 is forned
over the sidewalls and the top of strip 1318 as well as on substrate 1300
bet ween strips 1318. Tunnel dielectric can be an oxide, a nitride, a
oxynitrido, or othor suitable dielectric. The tunnel dielectric 1320 is
preferably deposited utilizing a plasma deposition or growh process at a
10 t enpeVWWMOES26E | ess t han 750C and preferably | ess theor/680@siszhe tunnel
dielectric 1320 I's formed to a thickhess and quality to prevent breakdown
and | eakage at operating conditions. Next, as also shown in Figures 16A and
1613, a floating gate material 1322 is bl anket deposited over tunnel
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éigle 8’1clﬂoating gate/control gate dielectric on the top of the second pillar
strip 1340 would then be polished back to reveal the top N+ source/drain

regions of strips 1340,

20 At this point, the fabrication of the first level of memory devices is
complete. Each pillar 1342 on the first level includes a separate fioating gate
and control gate on each face of the piilar for a total of four independently -
controllable charge storage regions as shown in Figure 26. That is, as
llustrated in Figure 26, pillar 1342 contains a first pair of control gates

25 1332A and B formed along laterally oppasite sidewalls of the pillar 1342,
The control gates 1332A and B are sach also shared with the horizontally
adjacent pillars. Pillar 1342 also contains a second pair of control gates
T350A and B formed along iaterally opposite third and fourth faces of piltar
1342. Each control gate 1350 will be shared with the subsequently formed

80 pillar memory device position vertically above, in Level 2, as well as with
horizontally adjacent p?llars 1342 in the same level. Because pillar 1342
contains four independently controllable control gate and four associated and

isolated floating gates, each pillar memory device 1342 is able to store
multiple states. . '



36 tungsten or a silicon filmsuch as polycrystalline or anorphous silicon
doped to the desired conductivity type (typically N + silicon for an IN +
[P-IN+ pillar). |If a continuous filmis used as floating gate materi al
1322, the film 1322 would be anisotropically etched at this tinme to.

renove the portion of the 5 floating gate material 1322 between strips 1318
to el ect WOMaRIS7] sol ate the strips. Next, as al so showncT/usdiizsesees 18A and
168, a control gate dielectric 132# is blanket deposited over and onto
floating gate material S or nanocrystals 1322. The control gate dielectric
1324 is a deposited dielectric 10 of, for exanple, an oxide or oxynitride
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pillars in the third level of the memory array.

The above described processes can be repeated as many times as .
desired to add additional levels of pillar memory to the array. The final level
20 . of memory cells can be patterned from a pillar stack strip while patterning the
final 1/O.

Although the threeé terminal memory pillar devices of the present
invention have been shown integrated into a three dimensional memory array
in a specific preferred embodiment, it is to be appreciated.that other methods -

25 may be utilized to fabricate a three dimensional memory array without
departing from the scope of the present invention.

2. Memory Cells Utilizing & Charge Storage Medium Located Above or Below
a Semiconductor Reglon

30 In Figure 29A, the cell comprises a diode and a stack comprising
regions 2921, 2922 and 2923. The region 2921 comprises a first. diglectric
region and the region 2923 ¢omprises a second dielectric region. Disposad
between these regions is a storage region 2922 which is used to trap charge.



gate dielectric on the top of strips 1318. A plasnma etch process is then
utilized to recess 1331 the top surface of the control gate material bel ow
the . top surface of strips 1318 and preferably to slightly above the top
35 source/body junction (e.g., junction of N+ silicon film 1316 and P-
silicon film1314) as shown in Figure 18A. The control gate dielectric
1324 on Wwoa2M@:292/ 015277 PCT/ US01/ 25092 37 top of striPSI/UPLESWRot ect s
strips 1318 frometching during the#recess etch. After the recess etch,
control gates 1332A and B have been forned. ‘Next, an interlayer dielectric
(1LD) 1334 such as an oxide, is blanket deposited over the top of strips
1318 as 331 5
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device type woul d be fornmed. 25 Next, as .illustrated in Figure 21A and 21B,
t he Seco%g pi Beepusg glectrons carry 't\ﬁe forward current in t‘?-ue dicde oqnce punébh

15  through occurs, these are the species that are trapped at the tunnel dielectric-
storage dielectric interface 2925 and within the region 2922. Note that
these electrons are of a polarity to encourage the premature inversion of the
N region at the interface region 2921. Thus, stored electrons reduce the
voltage at which first appears the negative-resistance portion of the cell's

20 characteristic, sce curve 2926 versus curve 2927 of Figure 29B.

In one embodiment, programming consists of applying & sufficient
forward bias to the diode to cause .the device to conduct and atlowing
forward current to persist long enough for sufficient charge to become
trapped thereby shifting the voltage threshold from the peak forward voltage

25 shown for curve 2927 to the peak forward voltage shown for curve 2926.
While throughout the discussion that follows, binary programming is
discussad, multiple bits may be stored per cell by employing multiple values
of threshold shilts. By analugy, some flash memories store 2-4 bits per cell
or even more.

30 Reading (sensing) may be performed by applying a forward voltage
that falls between the peaks 2928 and 2929, If current in excess of a
predetermined threshold value flows, the vell is programmed; if conduction
does not occur it is not programmed. The conduction _that does flow through
a programmoed cell during a read operation reinforces the trapped charge.



1338 and the second conductive |ayer 1336 are patterned with well-known
phot ol i t hography and etching techniques to forma plurality of second
pillar strips 1340 orthogonal or perpendicular to the first plurality of
pillar strips 1318. It is to be appreciated that the filnms of the second
pillar stack 1338 30 and the second conductive |ayer 1336 are etched in

al i gnmen¥ouRP2éhe another to forma strip wth subst aPCT/ESIL2SMRrt i cal
sidewal | s. Figures 22A and 22B show!% he substrate of Figures 21A and 21B
rotated 90' 0. WD 021015277 PCTI US01/ 25092 38 Once the second pillar film
stack 1338 and second conductor 1336 have been patterned by etching into a

strip 1340, t C ed, t ortion 1341 of ,the first
pillar stri é‘@iﬁg & ?é%&oﬁ ﬁé 4 gyn%&‘é'ﬁ %ﬁ%e b CBYRISPi R1AS, oS He ps 1340
as shownMeHSEY §& e‘tEafzs‘Rcyﬁas ZB'BW"H% odtthh f@ﬁss tionghribeblogking oxids f i r st
conduct i 2828 ayrethrd3l8 the fosachedles fo &Bite NEtralBs the ddnelebfBRES 23A and

23B, a fykigta tﬁ, he(géSS%ﬁWig%ﬂresrﬁﬁtaﬁgEerse 188 bres %/’%Wﬁ;egb en forned
§

from i rst g |ons or t he
fi rst antf2&R¥8 9? Iswfeaﬁﬂ'efseﬁﬁe(@wresom bggrikdpmvn MOltﬂﬁgure 23A). In
an enbodi rent of the present invention square pillars having 10 a w dth of

| ess than 0.18, um are f dkndayo Mermigat Gebén aFubstiats ed that the etch step

preferably uses an etch that can selectively .etch the pillar strip with
respect to tRefeirigleBFigurs 30he ﬁl@ﬁ@ﬁ{bo@'ﬂeﬁpﬂf e iridhfad hines ddis . For

exanpl e, orrpr $63 dope he 1LD and the tunnel
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and | - | Bpf the eem igtformetiin dbr substrsta cempnisingcam - yegiooh29321 Hepeki de 1LD
or timnefor anstane® b babvelasies i GF et 61%8y3, khdi 5 p U0 rdifo RBRIBCIfled dohat LI J

1334 pro 16, 1.6 sillcon 332 fr ei ng etched
as showngﬁgr?t ntg ?oml@gyi{]ﬁ’igﬁ?l N5AS¢P zcsf‘% ﬁlﬁﬂg&f@g'&f‘sl'ﬂ@y%ﬁ %t

el ectri c‘éﬂthy""ﬁ’ knawe methads suchaaedifieBm 6 iom isutwdqtient | y for med control
gates for the second level of 20 pillars. At this time, if desired, the

substrate canh betosagy estacid domnBising 6 ididlecirRN (e.gl, TRk afdgRih FRS to al ter

the dopigghdReShi¥r PoBPHR"§MdcdraY BiE e {e.g., oxide) region 2935 is
16 formed on the region 2832.

The dielectric region 2933 may be a grown oxide layer or a deposited
silicon dioxide region. When comprising oxide, this region may be 1-bnm
thick. Ordinary processing may be used to form these regions.

The trapping region 2934 and the other trapping regions discussed in
20 this application may be formed from a eormpound of nitrogen as well as other
materials. In the prior art, silicon nitride {nitride) was mast comimonly used
for this purpose. Other layers that may be used that have compounds of .
nitrogen are oxynitride (ON} and oxide-nitride-oxide {ONO}. Other materials,
alone or in combination, that exhibit charge trapping characteristics can be
25 used. For instance, alumina (Al,04) and sificon dioxide with insulated regions
of polysilicon exhibit these characteristics. The trapping region Is generally
between 2-20nm thick, and preferably 3-10nm thick.

The regions 2933 and 29341 have thicknesées determincd by factors
well-known in the art for SONOS memories. For example, the tunnel

30  dielectric region needs to be thin enough to permit tunneling without excess
voltage drop and to provide longsvity, while the trapping dielectric region
must be thick enough not to allow significant spontaneous detrapping of
charge. As mentioned above, typical thicknesses are in the range of 1-5nm,



surface of P type body 1314 of pillar 1342 (see Figure 23A) in order to
alter the doping density of each face and therefore the threshold voltage
of each 25 face. Next, as shown in Figure 24, a tunnel dielectric 1344, a
nanocrystal floating gate nmaterial 1346, and a control gate dielectric
1348 are each successively bl anket deposited over substrate 1304 to forma
tunnel WHOA288%27T ¢/ f |l oating gate/ control gate on the si gewalsbesofz pill ar
devices 1342 as 30 well as along th#sidewalls of the second pillar strip
1340 (see Figure 23A) . This filmstack also forns along the top surface
of the second pillar strips 1340 as well as on the first conductor 1308
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nat eri al PF"W&EB@"TE‘ 81§ 8P%%&en adjacent pillars 1342 in order WO 02/ 015277
PCTI US01/ 25092 39 to isolate the pillars because although the floating
gate materi alTheslaysn BRI e antdrdde on-atbert dietestidc negion evhicht faynaecr yst al s
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second pPERYISIRE, |3 Jeaw 4 pettl fas the thegatizpsediStbcbechamateisticar s 1342.
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vel | as Hanse. lpyes A838viscsproetitad referiedrtosts thesbladidfg dibewiaal | Y,  t he

control gate film would than be polished and recessed back bel ow the top
surface of tfbeNstordde seavkcesmpAbing’ RgicRS2989, 2938cand 248 13R2pkor med in

the receagg : L n_ Fj 25A to allow addi.tional 1ayers to be

addqg. |,LDﬁ"ia?fg‘g,',ﬁ,?ﬁg}l%érfn%‘%‘ﬂﬂ{‘ﬁ‘ﬁe%r?ﬁ%ﬁ pihsie IRy 'gsteBreoAeP anigaies

di el'gct rf & Sﬁpfﬂé'f’f‘oﬁh%ﬁb%éf%@@@mﬂ o [firat provide oxide then nitride and
finally oxide again. Because of the relative thinness of these regions, the
entire stack may be laid down in a matter of seconds. . :

. To operate the cell of Figure 30 first assume that upon manufact(:ring

the trapping layer is neutral, that is, there is no trapped charge in the trapping

20 region 2934. To place charge in the region 2834 the anods contact 2937 is

" - brought .to a positive potential relative to the contact 2938 in order to

forward bias the diode- defined by the regions 2931 and 2932 until the

.potentigl reaches the voltage 2929 shown in Figure 29B. Now tunneling

occurs through the oxide 2933 as well as the oxide 2935 and charge is

25 trapped within the region 2934. The amount of charge trapped depends on
total current flow and the trapping efficiency of the region 2934.

To sense the presence of this charge, a potential is applied between
lines 2937 and 2938 again to forward bias the diode defined 'by regions
2931 and 2932. However, this time the potential-is in.a range greater than

30 the voltage 2928 shown in Figure 29B but less than the voltage 2929, If
current in excess of a predetermined.threshold flows, then it is known that
charge is trapped in the region 2934. On the other hand, if such current flow
does not occur, it is known 'that little or no charge has been stored in the
layer. In this way it can be determined whether the cell is programmed or



strip 1340 woul d then be polished back to reveal the top N+ source/drain
regions of strips 1340. 20 At this point, the fabrication of the first

| evel of nenory devices is conplete. Each pillar 1342 on the first |evel
i ncludes a separate floating gate and control gate on each face of the
pillar for a total of four independently - controllable charge storage
regi ons womeesam? i n Figure 26. That is, as illustratedPCHVUSIRIHN 26,
pillar 1342 contains a first pair ofdcontrol gates 25 1332A and B forned
along laterally opposite sidewalls of the pillar 1342. The control gates
1332A and B are each al so shared with the ‘horizontally adjacent pillars.

formed aid 5?49?‘? oS forheliifa dtanae, s é’%‘fqﬁﬁ%\ces B 3%13 Aty 0,
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store multiple states. WO 021015277 PCTI US01125092 40 The process as
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fabrication of the %ngw ce Q ehown in
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pi lt | 36 Slirrlm %%ﬂ I@“&mél‘&-%ﬂ:é;éﬁ(irér&s@@ﬁ Widte MR saRERE dRlek! Rt p§§$| ps 1340
into a plura sec il lars orma
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Isolatedfloat| i 1St ‘cont r at es 350 d B are
formed aPH{ ﬁfwelweg@ﬁua%wf?w‘a%éag%é% @]e %‘?’P pillars
1362 and are shared with menory pillar 1342 | ocated on the first |evel

15 Care must be takén when reading data from the cell not to exceed a

current represented by line 2924, If a current exceeds this limit, for example,
5000-10,000 amps/cm?, one or both of the oxide regions 2933 or 2936 may
be permanently damaged and may likely provide a short circuit or open
circuit. '

20 To erase the data in the cell the diode is reverse biased: that is, the
anode is brought negative relative to the cathode. When sufficient potential
is applied, the diode breaks down and (e.g., avalanches, Zeners, or punches
through) and strips the charge from the region 2834, It may be necessary to
float the substrate 2930 during erasing to prevent forward biasing the

25 junction between layer 2932 and the substrate 2930. Other isolation
methods such as shallow-trench lso|ation (STi) or sillcon-on-insulator {SOl)
may be used as well.

B. Three Terminal Cell in the Substrate

iIn Figure 31 the cell incorporates a field-effect transistor having a
30 source and drain region and a gate 29486. Regions 2941 and 2842 are
formed in alignment with gate 2946 in the substrate 2940 as is well-known
in the art. A stack comprising an oxide region 2943, trapping region 2944
and oxide region 2946 are formed on region 2941, The regions 2843, 28944
and 2945 may be the same as regions 2933, 2934 or 2935 of Figure 30.



as well as wth horizontally adjacent cells. A second pair of control gates
15 1364A and B are forned along the third and fourth laterally opposite
faces of the second level of pillars 1362 and are shared with the
subsequently fornmed pillars in the third I evel of the nmenory array. The
above descri bed processes can be repeated as nmany tines as desired to add
addi ti onwlod2evelrs of pillar nenory to the array. The fi Rel/Ub@28092 20 . of
menory cells can be patterned from#&pillar stack strip while -patterning
the final 1/O Although the three termnal nmenory pillar devices of the
present invention have been shown integrated into a three di mensional
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2922445 t[.éacgl =8, i8S dAfeRibAle W th a thickness, typically
betvve%n -5nm %%gra 2- 3nrne I'n one errbodl nent, ‘the regi on 2921
is referred. to | i c. .The region 2922
is a reglon - A s dd~Car g —as “KIrow—Tir e pri or art such as

a nitride 81l on (discussed in nore det al ne enbodi nent, the
regi on 2922 1 Uss-r@@lqa@&”t?@"ﬁhnt’hpgf%ﬁ%atm%p@éﬂ 8%@9%@“@ ®¥ectric.
The regi 86-pdddihg coMtimistiBRYinqRIFI .52 opplicaticte sedl trid. 26848 DR 727 filédr

retaini “Sn%w%F&PE?‘? Z(H@Ir 9%oth assigned to the assignee of the present invention
15 and entitled “Three-Dimensional Memory Arrév.Method of Fabrication,” a
three-dimensional memory array fabricated on the substrate and employing
rail-stacks is disclosed. The technology described in this patent appfication
may be used to fabricate thres-dimensional charge trapping or storags
memories in accordance with the present embodiment of present invention,

20" as discussed below. '

‘In Figure 32, three full levels of a memory array are shown, specifically
levels 2950, 2951 and 2952, Each level comprises a plurality of parallel,
spaced-apart rail-stacks. Rail-stacks 3 and 5 of Figure 32 extend in a first
direction and rail-stacks 4 and 6 extend in a second direction, typically

25 perpendicﬁlar to the first direction. Each of the rail-stacks of Figure 32
includes a conductor or input/output at the center of the rall stack and
semiconductor regions disposed on both sides of the conductor. For the
embodiment of Figure 32, first alternate rail-stacks, for instance rail-stagks 3
and 5, are Tabricated from n type polysilicon disposed on the conductors.

30 The second alternate rail-stacks 4 and 8 have p- type polysilicon on the
conductors. o '

More . specifically, referring to rail stack 5, it includes the center.
conducter or input/foutput 2953, for instance, an aluminum or -silicide
conductor, n+ regions 2854 and 2956 disposed on both sides of the



and in one enbodinent is referred to in this application as a bl ocking
dielectric, it may have thicknesses simlar to those of region 2921.
Because el ectrons carry the forward current in the di ode once punch 15
t hrough occurs, these are the species that are trapped at the tunnel
dielectric- storage dielectric interface 2925 and within the regi on 2922.

Not e t haiyp d2f8e$297 €l ectrons are of a polarity to encour aBeTURY/259 mat ur e
i nversion of the N region at the i#erface region 2921. Thus, stored
el ectrons reduce the voltage at which ' first appears the

negati ve-resi stance portion of the cell's 20 characteristic, see curve
2926 versus, curve 2927 of Fi S, | : g
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1.5nm, and preferably 2-3nm, a trapping layer 2967 such as a silicon nitride

layer which may have a thickness of 2-20nm, and preferably 3-10nm, and a

dislectric {e.g., oxide) layer 2968 which may have a thickness similar to that

of layer 2966. The materials described above for forming the regions 2933,
50 2034 and 2935 of Figure 30 apply %o the layers 2966, 2967 and 2968 of

Figure 32.

A cell in the array of Figure 32 occurs at the intersection of the rail-
stacks. For the embodiment of Figure 32, the storage stack is disposed
.between the p and n regions of a diode. That is, the storage stack is

o5 embedded in the stearing slement. For exampls, conductor 2960 provides
access to one of the cells through the p region 2961: The layers 2963 are
&isposed between the p region 2961 and n- region 2955. The other contact

" for this two terminal cell is through region 29854 onto conductor 2953.

The cells of Figure 32 are programmed, read and grased in the same -
30 manner as described above for the cell of Figure 30.

With the configuration of Figure 32 .the diodes in adjacent pairs of
memory array levels “point” to a common conductor. < More specifically,
referring to Figu:'e 32, the illustrated cells at mémory array level 2950 have
their cathodes connected to conductor 2953. The illustrated cells in memory



Is illustrated disposed in a p-type substrate 2930. A diode (s |leering
elenient of the cell) is forned in the substrate conprising an n- region
2932, doped, 10 for instance to a |level of 5x101% - 1018crri 3, and a p+
region 2931, dopod to > 10lecm4 fornmed within the n- region 2932. These
regions may be fornmed wth well-known nmethods such as diffusion or ion

I mpl ant awioaR/015875t or age stack conprising a dielectric (BCTUso12809de) regi oh
2933, trapping layer 2934 and a se#bnd dielectric (e.g., oxide) region
2935 is 15 formed on the region 2932. The dielectric region 2933 may be a
grown oxi de |layer or a deposited silicon dioxide region. Wien conprising

or m t heous, 28817 BeBalt uleip Binddls SonrRo il 16 b dRRENR 29532 TR, T egi ons
di scussedmpif 192dﬂbﬂ%‘ﬂ%mrpeéﬁmmmmyamgfm@smomné;ectbﬁpmm&c@w ni trogen

as wel | 2858tskeres tvad ebtstbfeellsd the prior art., silicon nitride (nitride)
was nost commonly used for this purpose. Clher | ayers that may be used

that have Coqﬁowsaﬂve-ﬁ'fér’éﬂﬁgt? ﬁpﬁg%ﬁ"ﬁéiéﬂeﬂré Dverd embadiments

oxide-nitri,de

J nation, that
exhi b t %Va'?%eél ffﬁé% i ) Rk IR ars LAt BEYoBe SR Teora rigstetce,
al um na thweedBhensidnai larmayn udingxiadgreferted. isharagat sthekegiforise st ysil i con
exhi bi t ﬁ hesgoisharacteristics. The trapping region is generally between
2-20nm thick, and preferably 3-10nm thick. The regions 2933 and. 2934 have
fa

t hi cknosses #e.].err__
nmenori es. 3o, -t 1T TTE feTrec C groh et
enough to permt tunnel | ng W|thout excess vol tage drop and to provi de

| ongevity, will &She Pﬁ?%plmes'ét%&?ec?rﬂ'éfeﬁ'é’g’ﬂ%s‘oﬁﬁstmﬁ@oml gea¥niugh not
to al0 owdiscigsed |emmbym|goatmumit$ ofldeveippeaith vel BlAQingeparafiell®ipacedecd above,

4 and ooy EERRIOEDNE Aretedltuct s b oty ¥pid 21 beefeiinlanty 7002
t r appi ngong égvﬁwrmﬁéueé Frygivess ars esnaqd a’fnﬁlae lrﬁy@ﬁcmwﬂ%cmmpa@ or ot her
di el ect rédjac@gi RRelshi CthenBirubaNes, adidesaried M ChagRieR #80fdmedd®3. O her
di el ect réifg%rﬁé}ﬂt Wit tHREcHiSdifbtors. The fabrication technology described in this

16  patent may be used to fabricate memory arrays employing the cell havmg a

charge Storage or trapprng region of the present embodiment.

Referring to Figure 33 a single level of the three-dimensional memory is
iHustrated having a conductor ‘or input/output 2981 at one leve! and a
conductor 2980 at the next level in the array. A pillar structure is formed in
20 . alignment with the conductors 2880 and 2981. This pillar structure forms a
cell in accordance with the present Invention. Spscifically, referring to Figure
33, the cell inciudes a steering element comprising a junction diode
comprising the p + region 2982, n- region 2983 and the storage stack. As
shown in Figure 33 the storage stack comprises a tunnel oxide region 2984,
25 a trapping region 2986 and a blocking oxide 2985,

' '. As described in the above patent, the conductors 2880 and 2981 are

shared with cells disposed above and below the single cell shown in Figure
33, ' . !

Figure 34 shows another embodiment where again there are spaced-

30 apart, parallel conductars or input/output at one lével such as canductar
2991 and para;llei, spaced-apart conductors at the next level such as
conductor 2990. A pillar structure is again fabricated between the
conductors 2990 and 2991 as taught by the above-referenced patent. The



5 include perovskites, ceram cs, dianond (and dianond-like filnms}, silicon
car bi de, and undoped silicon (including polysiiicon). This region may be
formed by well-known deposition techniques. The region 2933, as previously
mentioned, is referred to as a tunnel dielectric layer and is responsible,
at least in part, for the negative-resistance characteristics 10 previously
di scussegg oblags2zbayer 2936, on the other hand, prevents PEHEPEERharge from
region 2934 fromleaking to, for ind%ance, contact 2938. Hance, |ayer 2935
is sonetines referred to as the blocking dielectric., The storage stack
conprising regions 2933, 2934 and 2935 may be fabricated in a single,
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orward bi as ef i ned by f is
time the 3fot® t?’&f 34 §h?ria”%y r“‘&rfﬁ’&’g’ge‘g m’tidg%o %ﬁ%ﬁﬁg@t&gg"z‘% shown
in Fi gur@eﬂBBeHalerCMSbelﬂwnfwmdvlolthag@bwg If current In excess of a
predeterm ned Threshold flows,' then It i's known that charge is trapped in

t he region 2934 On the other hand, .if' such current flow does not occur,

it is known "that little or no charge has been stored in The layer. In
this way

02101527_}} ggg gg%%ﬁfggﬁﬁowqﬁe,gﬁhﬂe cell is programred or WO
16 Another cell configuration that differs from pillar configuration is the
self aligned TFT. The present inventors have realizod that memory and logic
cell area is eniarged by misalignment tolerances that are put into place to
. guarantee complete overlap between features on different layers. Thus, the
present inventors have developed a fully aligned memory or logic cell
20. structure which does hot require misalignment tolerances. Therefore, such a
sell structure has a smaller area per bit {i.c., per celly and uses fewer mask
steps. The fully aligned cell structure increases array density and decreases
die size and cost. Furthermaore, by optionally stacking the cells vertically in
the Z—dire;:tion, the array density Is further increased, which teads to further

25 decreases in the die size and cost.

As described witﬁ respect to the preferred embodiments of the present
invention, there are several different ways of achieving a fully aligned or self-
aligned memory or logic cell. In cases of memory or logic cells containing an

" EEPROM, full alignment may be achieved by self alignment of the word line

30 to the control gate. Preferably, the word line extends substantially parallel to
' the source-channel-drain direction of the EEPROM, whils the bit line extends
substantially perpendicular tc the source-channel-drain direction of the
EEPROM. In this configuration, bit line contact pads (i.e., source and drain
electrodes) and bit line contact vias are not required because the bit [ines



not programmed for the binary data case. As previously nentioned, different
| evel s of charge may be placed in the trapping |ayer 2934, and the voltage
at which said current flow occurs (say between voltages 2928 and 2929) can
be determ ned. This corresponds to the anount of charge in the |ayer 2934 5
that can be used to provide nore than one bit of data from an individua
cell. |woshows2dr be noted' that during a read operation pOwUSEadonurrent
passes through, a progranmed cell, #and t hen passes through the region
2933, trapping region 2934 and the oxide region 2938. This is unlike the
typi cal sensing that occurs where trapped charge is used to shift' a
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These self aligned transistors may -be used as non-flash EEPROMs (i.e.,
EEPROMs where each transistor is erased separataly), UV erasable PROMs
(EPROMs), mask ROMs, dynamic random access memories {DRAMs), liquid
20 crystal displays (LCDs), field programmable gate arrays (FPGA) and
MICroprocessors. - '

Figures 37-44 illustrate a method of making a TFT EEPROM nonvolatile
flash memory array 4001 according to the first preferred embodiment of the
present invention.

25 First, a substrate having an insulating surface (i.e., a Silicon-On-
Insulator {SOI) suhbslral;e) is provided for the formation of the memory array.
The substrate may comprise a semiconductor (i.e., silicon, GaAs, etc.) wafer
covered with an insulating layer, such as a silicon oxide or nitride layer, a
glass substrate, a plastic substrate, or a ceramic substrate. In a preferred -

30 aspect of the first embadiment, the substrate is a monocarystailine bulk silican
substrate that has received prior processing steps, such as forming CMOS
(complementary metal oxide semiconductor} transistors in the substrate. The
CMOS. transistors may comprise petipheral or driver circuitry for the memory
array. In the most preferred aspect, the circuitry comprises row and column

35 address decoders, column inputfoutputs (I/0’s}, and other logic circuitry. -



and oxide region 2945 are formed on region 2941. The regions 2943, 2944

and 2945 may be the sanme as regions 2933, 2934 or 2935 of Figure 30. WO
021015277 PCTI USOV2,5092 45 In this enbodi nent, rather than forward

bi asing a diode, a positive potential is applied to gate 2946 and cont act
2948 is nmmintained positive relative to contact 2947. This is done for

pr ogr ammV¥O2M#R7F eadi ng of the cell. To erase the cel | pceaRbemho2948 is
negative relative to contact 2947, %%causing trapped charge to be renoved
fromthe region 2944. For both the enbodinents of Figures 30 and 31 it may
be nore desirable In sonme nenory arrays to erase an entire array at one
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perpendicular to the first direction. Each of the rai -stac?<s of Figure 32

i ncl udes a cQdiphieENShctol gui Rt ¢ nter of "the rail stack and
seni, ndﬁctt"og. e ion%g%?ﬂg %!sgé@ Oﬁﬂr@%()lg?&rg%@?gcgsf ttf“ﬂ% ‘{?Bﬁaﬁe?o?‘fefﬁt&e t he
embodi mERTHBFE 8&?% 3 19 complptes they (SOl aubsteatac k Shef semicmdante
rail - st dpyesswhi be used for the transistor active areas. Layer 4005 may have any
desired thickness, such as 20 to 120 nm, preferably 70 nm, and is chosen so
that in depletion regime the space charge region bolow the transistor gate
o extends over the entire layer. Preferably, the semicoriductor layer 4005
20 comprises an amorphous or polycrystalline silicon layer doped with first
conductivity type dopants. For example, layer 4005 may be p-type doped by

in-sttu doping during deposition, or after deposition by ion implantation or
diffusion.

If desired, the crystallinity of the semiconductor layer 4005 may be
25 impraved by'heati_ng the layer 4005. In other words, an amorphous silicon
layer may be recrystallized to form poiysilicon or a grain size of a polysilicon
layer may be increased. . The heating may comprise thermal or laser annealing
the layer 400B. If desired, catalyst induced crystallization ‘may_be used to
improve the'crystallinity of layer 4005. In this process, a catalyst elerr'lent-
30 such as Ni, Ge, Mo, Cd, Pt, Pd, a silicide thereof, or other transition metal
eloments, is placed in contact with the semiconductor layer 4005. Then, the
layer 4005 is thermally and/or laser annealed. During the annealing, the
catalyst element either propagates through the silicon layer leaving a trail of
large grains, or serves as a seed where silicon crystallization begins. In the
35 latter case, the amorphous silicon layer then crystallizes laterally from this
seed by means of solid phase crystallization {SPC).



and 5, are fabricated fromn type polysilicon disposed on the conductors.
30 ThA sAcond alternate rail-stacks 4 and 6 have p- type polysillcon on the
conductors. Mire . specifically, referring to rail stack 5, it includes
the center, conductor or input/output 2953, for instance, an al um num or
-silicido conductor, n+ regions 2954 and 2956 di sposed on both sides of

t he WO O®ipQi2ss277 PCTI USO1/ 25092 46 conductor and n- reBCDHSIZS®3Z and 2957
di sposed on the regions 2954 and 2866, respectively. The n + regi ons may
be doped to a level of > 1019cm3 and the n- regions to a |evel of

5x1016- 10"Bcm 3. Raiff-stacks 4 and 6 again include a conductor or

ot/ out Ut . 1 Sl FRALHELAnE MR o Bk AR Sl ARARER DOt !

si des of the € e of the
rai | -st affe@5 mag Feapmited iiba Sdﬂgl@ iregtal 891 sHEsHA shusedanin fhis gese. of
rail-stag¥ngi thed SiMOX ethetiibd, hexyde torisefags dmpishteppliegtatinena singlech i s

h b d k0t

R T 7 -

the rail ¢9F€ *°°WFH“HP€‘?JP%§ RYe wiied pilicpan oxid %P&ﬁ‘ket | ayers are used
% tljsilicopy ! BAYe e Brtied

bet ween each level of rail-stacks.. Specifically, layers 2963 are disposed
bet ween t he rhleke, sthackgrisceant| tﬁemﬁvbaqrea Jasa00B tisguwaferably cleamadt acks 4

and 5. Th n'l Eur?‘tufsqéﬁd anthtRe8skias R AQHahGe SRIEES reiSS A0EO34 and

127 o o o T e e ot v et st

pref er abbgesanf%nmenalom e cheygbsterag2egionutd0 asommises @@nomﬁﬂ-ﬂltdée" I ayer
‘éﬁqgfi\%{rﬁééﬂ(@v@mf Giéfgé‘tﬁéstnﬂfe %Xgm nﬂha@ﬂﬂa[é&tﬁ&%@@éﬁ’se@ 4 f@tre'ﬂsbscﬁmﬁl ar to

t hat f%if}v%ég@gs eqreélgw%? soY E'cral ngayggbgppéag% é] 16y P¥RE 1 egi ons
2933, 2omxand) 2@35 aptl F-sexars BOphPiS)yaver, whso talissra bmmg ogige. and 2968
of Fi guﬁ'ﬁe%nné} &Gﬁé id B:tﬁ&e ror ﬁérn‘fél%&atﬁ% QEQHé %cﬁ{/e tahga Ia9ber section

f th 1 t ack
|Os di gp{)gQQF’ o&émﬁeﬁ&eﬁ ﬁoaqvﬁeﬂ'ﬁﬁﬂg\’ed'f ag#’:?%@ e%gfeeqszlré),{ﬁ esfo?gge

st ackb i spressure or plasma enhanced chemical vapor deposttton (APCVD, LPCVD or .
PECVD) or other means. The tunnel oxide has a thickness of 1.5 nm to 7
nm, preferably 4.5 nm. The charge storage silicon nitride or silicon oxynitride
(SizN, 0,5 layer is deposited over the tunnel oxide, and its thickness is at .
least 5 nm, preferably 5-15 nm, most preferably 6 nm. The blocking oxide

20 layer is arranged on the surface of the charge storage layer and has a
thickness of 3.5 nm to 9.5 nm, preferably 5.0 nm. The charge storage and
blocking layers may be depositad by APCVD, LPCVD, PECVD, or other
means, such as sputtering.

it should be noted that different materials and different layer

25 thicknesses may be used as desired. For exampfe, the charge storage layer

need not necessarily be formed from SizN,,O:5. For sxample, in an

alternative aspect of the first embodiment, the charge storage layer may be

formed from a plurality of electrically isolated nanocrystals, such as silican,

tungsten or aluminum nanocrystals dispersed in a silicon oxide, nitride or

30 oxynitride insulating layer. If a nanocrystal charge storage layer is used, then
the tunnal and/or the blocking oxide layers may be omitted if desired.

After the Qha{rge storage region 4007 {i.e., the ONO dielectric)
formation, a- first gate ldayer 4009 is deposited over the charge storage
region. The first gate layer 4009 may comprise any conductive layer, such

35 as n*-doped polysilicon. Such a polysilicon layer may have any appropriate



25 enbedded in the steering el enent. For exanple, conductor 2960 provides
access to one of the cells through the p region 2961: The |ayers 2963 are
di sposed between the p region 2961 and n- region 2955: The ot her contact
for this two termnal cell is through region 2954 onto conductor 2953. The
cells of Figure 32 are programmed, read and erased in 'the same 30 manner
as descrwoad/osaeve for the cell of Figure 30. Wth the BOIVU'sgmsmi on of
Figure 32 .the diodes In adjacent pdrs of nenory array levels "point" to
a comon conductor. - Mre specifically, referring to Figure 32, the
Illustrated cells at nmenory array |level 2950 have their cathodes connect ed

to condu 5 t Q2/015277 .
PCTlUSOlﬁB%bB%g %”f"ﬂha\%elrsb ﬁ’é%‘% 'E’g' ﬁ"gueé?‘ﬂg 1o 3o %& a@é!n?f’e”c,’PBH""Ee
conduct ofi@Pardgmencentration; sugh ps d8'% ahPT can? opreferablyr BHiang™.. readi ng and
erasing since the conductor 2953 serves two sets of cells. In the
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di ffer enkiligdh lo xﬁi@%&orﬁ If8Hhad 'd?{‘&?é 33HaBBY the! T84 bird A h
t hree; I’lSI e resent

arr usli ng erred stora
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St ruct urem, pneﬂsra_bly Fatemnt Mat@®ls 88erahamsiieodioxides mayde owbfor lageay is 10
di scl oseqoenplfudsigga plurality of levels, each Ievel having parallel,
spaced- apart conductors. The conductors at the alternate levels are
perpendi cul ar,to _one of,her uct res.are ;
i ntersection %fsacn l&f‘?(ﬁ??@?cd?nq hayeécﬂ&dge ‘g ROsitpf 0 ‘é%'r%h&RJP&C’"Va?s
descri bel@YPh4PAd . plit aprefemed dspentaf the fleﬂtl gmbedimenit: the: bleckingdeyenrs. The
fabrigat isomatsec@m@hvgaoﬁtemmbadlﬁsma&:hgsm%ﬁarmt@%hm bes wafsbtialf abricate

Togron opcld B RXpER 10 B lavaR bihe gt 9?@%%%@\86 RplRGRES evel of
t he t hr caver AS1S eamprigesm §ilicen nitridesaven ed Thaileeking devatuvesrhavs
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be described in more detail below. For.example, fayer 4013 has a thickness
of 100 to 250 nm, preferably 160 nm. F!gure 37 shows the device cross
sect:on at this stage of processing.

Next, a bit line pattern is transferred t6 the in process device wafer or
substrate using a reversé bit line mask, as shown in Figure 38. In this mask,
20 cilear areas define the bhit lines, and the opaque fi.e., dark) arsas define the
space between the bit lines. For example, a posmve photoresist layer (not
shown in Figure 38} is formed over the blocking layer 4013 and then exposed
through the reverse bit line mask and developed. Of course, if a negative
photoresist is used, then the clear and the opaque areas of the mask are

25-  reversed.

The mask - features are etched into the blocking nitride 4013, the
protective oxide 4011, and the first gate layer 4009, using the photoresist
layer as a mask, to form a plurslity of gate stacks 4015. The ONO dielectric
4007 serves as an etch stop layer. Then, the photoresist layer is stripped

30 from the patterned gate stacks 4015. The photoresist may be removed after
the blocking nitride 4013 1s etched, in which case the nitrlde may be used as
a hard mask for etching the first gate layer 4009. The gate stacks 4015
include a patterned first gate electrode 9, an optional protective oxide 4011



cell in accordance with the present invention. Specifically, referring to
Figure 33, the cell includes a steering el enent conprising a junction
diode conprising the p -t region 2982, n- region 2983 and the storage
stack. As shown in Figure 33 the storage stack conprises a tunnel oxide
region 2984, 25 a trapping region 2986 and a bl ocki ng oxi de 2985. As
descri beWARRE above patent, the conductors 2980 and PORUsarseozshar ed
with cells disposed above and bel owd he single cell shown in Figure 33. -
-f Figure' 34 shows anot her enbodi nent where again there are spaced- 30
apart, parallel conductors or input/output at one |evel such as conductor

2991 andaphnrgiateirned biaskihgpaet 40980UGtREFed! a tRB ;%fésto# Mé&dn ﬁh!ﬁ?ﬁ,as
e e
Er
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2993, trigppiryantagioon Bhey thadate utaeks 401 dea Whhdsk, dTHROpIES ORi¥EEN the p
and rg r €givgemn f | . ki Vs + i on 2992 of .t he diode
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contact W f\?]e B A AR - ofmém%g@w!antw tihicekied sa Brougie ther®NEs regi ons
shown i rdigiegtrice ¢ Q0¥ .anHodsveanif tbsirethpibagpbriorshet RAEYONC e@lesirde may be
simlar 4002 BRONBRTHS gabd<LA00Y Shily ?b?ﬁﬁ’lﬁ%@g pridr b8 eRe M%Sé%?n The

progranm ng, reading and erasing © e structures o 98 and 34
are al so perf i abgve for ot her enmbodi nents. For the
enbodj nents o |%lﬂ?g%%%%,ﬁﬁ%ogﬁge:?&"Yﬁéa%ﬁ’r)atgg%far?:é‘l’qsﬁﬁj?etlﬂ‘ﬁp'%@ed' above
a sults| reate Rleckrodes 4988, phdie regicosi B9 1heiang Hopewdwith tehesapgbat rate. W
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15 It should be noted that in a memory array, the designations “source”
and “drain” are arbitrary. Thus, the regions 4017 may be considered to be
“sources” or “drains” depending on which bit line & voltage is provided.
Furthermore, since no field oxide regions are preferably used in this memory

' array, each region 4017 is Jocated between two gate electrodes 4009.

20  Therefore, a particular region 4017 may be considersd to b'e a “source” with

respect to one gate 4009, and a “drain” with respect to the other gate 40089,

Next, gate stack sidewall spacers 4021 are formed on the sidewalls of

the gate stacks 4015, as shown in Figure 39. Preferably, the spacers 4021
comprise silicon oxide, if the blocking layer 4013 comprises sillcon nitride.

25  However, the spacers may comprise any material which allows the blocking
layer 4013 material to be selectively etched without substantially etching the
spacers 4021. For example, the spacers 4021 may comprise silicon nitride if

the blocking laysr 4013 comprises silicon oxide. The spacers 4021 are
preferably formed by conformal deposition of a silicon oxide layer over the

30 stacks 4015, followed by an anisotropic oxide e.tch. The spacer etch process
concludes with an etch process for the ONO dielectric to expose the source

and drain regions 4017. Doping in. the source and drain regions 4017 may

be increased at this time by additional self-aligned ion implantation, using the

gate stacks 4015 and spacers 4021 as a mask, If desired. If se, the



present inventors have developed a fully aligned nenory or logic cell 20
structure which does not require msalignnent tolerances. Therefore, such a
cell structure has a smaller area per bit (i.e., per cell} and uses fewer
mask steps. The fully aligned cell structure increases array density and
decreases die size and cost. Furthernore, by optionally stacking the cells
verti cal W@ WR152fhe Z-direction, the array density |s fupchresoinsmeeased,
which leads to further 25 decrease8 in the die size and cost.- As descri bed
wWith respect to the preferred enbodi nents of the present invention, there
are several different ways of achieving a fuIIy aligned or self- aligned
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' A conformal insulating layer 4027 is then deposited to fill the trenches
above the bit lines 4025 and between the sidewall spacers 4021, The
insulating layer 4027 may cohprise any insulating material, such as silicon
oxide, silicon oxynitride, PSG, BPSG, BSG, spin-on glass, a polymer dielectric
20 layer {such as polyimide, etc.}, and/or any other desired insulating material
that |s different than the material of the blocking layer 4013. The insulating
layer 4027 is then planarized using chemical-mechanical palishing (CMP),
etch back and/or any other means to expose the upper surface of the silicon

nitride blocking layer 4013 on the gate stacks 4015, Figure 40 shows the
25 device after the planarization step.

Next, the blocking silicon nitride layer 4013 Is etched selectively

without substantially etching the spacers 4021 and the insulating layer 4027.

The protcctive oxide layer 4011, if present, is then removed by etching it
from the upper surface of the first gate electrodes 4009 in the stacks 4015.

30  These etching steps form a gate contact via 4029 above each gate 4009, as
shown in Figure 41. The width of the gate contact via 4029 is substantially

the same as the width of the first gate electrode 4009 because the via
sidewalls are the inner sidewalls of the sidewall spacers 4021. Therefore,

the gate contact vias 4029 are self aligned to the gates 4009 because the

35 vias 4029 are bounded by the sidewall spacers 4021 which extend above the



1.5 within its scope. For exanple, the self aligned transistors nmay be
MOSF5Ts in a bulk substrate or non- EEPROM TFTs forned over an insulating
substrate. These self aligned transistors nmay be used as non-fl ash
EEPROVE (i.e., EEPROVs where each transistor is erased separately), W
erasabl e PROV (EPROVE), mask ROMs, dynam c random access nenories

( DRAMK) , WDi03i01587720 crystal displays (LCDs), field progrecmasiieseate arrays
(FPGA) and microprocessors. Figure® 37-44 illustrate a nmethod of nmking a
TFT EEPROM nonvol atile flash nenory array 4001 according to,the first
preferred enbodi nent of the present invention. 25 First, a substrate

havi ng agatessabEd| n‘élloS ﬁﬁ?hc?}draéh!c %a?kthbgﬂﬂpgkrelﬁééaeﬁt 2 rfg)ig_l%he].he

substr at egt |s rovi.d ggf ormat on merriury a
subst r at ¥y ?)‘?Fp‘f'?% 9sem conductor (i.e., silicon, GaAs, etc.) wafer
covered wt h an insulating | ayer, .such as a sili‘con oxide or nitride |ayer,
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transi st#933i A Q'Wédgdﬁ‘é@fr é@é‘5 fFHé Ve 161 ansVSt, oete) gl e osgeonden per i pher al
or ed(r: I \r/eiozxadr wlgtsﬂwohoravbigmowmwhe q:roh,%mcohmaw% 3"3?3 gh@f £689da@spect,

i Ss
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PCT/ usmfzse@zablsos%me\‘y@p ninf thiels| sueth, as Q(herrdrth!v-lsr Altetnatively, ning be
forméd crecandigatelriterigl csBRBLIRS fornfddCiiomSa 8ingtd (448P o@'&:licﬁ@'lrﬁéﬁﬁ

substratg, 4 p%%ﬁ%? ?%ﬁ’{a%ﬁsf’falf%a%ﬂg' E%S&?ﬁ% 88§0‘é‘ a r am ﬁ substrat e.

The sili con- on-i nsurat or Yeiineonal
met hod, SHESR, a’%'%@eﬁnédﬁﬂtaﬂdha‘sapdw&ta cgtDOldyOBFnIcrrpbatﬂmt wdh ti'fe €xstgen

(SllVDX) g8 dldcardtdsi 4909f an insulating layer an a silicon substrate.
After the peripheral circui try is conpleted, an interl ayer i nsul ati ng

I r 4 i n l Fi gur
ayegheo?ﬁt o YT ULt T87 (D6E sl e Sprilshraek M TReRalBpa o1~ any”
sui t18bl NehiS# qSﬁ& ‘lhé?‘éﬁl'%t %deg’esmlaﬁk:@ﬂdod@\@@pesﬁ | Toerphviterasisg, silicon
layer is used as a mask to etch the second gate electrode material 4031 to
form a plurality of word lines 4041. The ONO stack 4007 and the exposed
active area layer 4005 are then stched using, the word lines 4041 as a mask.
The photaresist layer may be left on the word lines 4041 during this étching.
20 step or it may be removed prior to this etching steﬁ._ The bottom insulating
layer 4003 under the active area layer 4005 and the intergate insulating layer
4027 over the bit lines 4025 serve as etch stop layers. Thus, the second
gate electrode material 4031 is patterned into a plurality of word lines 4041
which overlie the intergate insulating layer 4027 as shown in Figure 43, and
25 into upper portions 4043 of the first gafa electrodes, where the material
4031 extends .into the vias 4029, as shown in Figure 44. Figure 43 is a
cross section along line A-A in Figure 42 and Figure 44 is a cross section
along line B-B in Figure 42. Therefore, the word lines 4041 are self aligned
to the control gates 4008/4043, since a photolithography step is not required -
30 to align the word lines to the gates.

If desired, the exposed active area 4005 and gate eiectrode

- 4009/4043 sidewalls may be optionally sealed by growing a thin layer of
silicon nitride or oxide on them, for example by thermal nitridation or

. oxidation. This completes construction of the memory array. An insulating



10 oxynitride, PSG BPSG BSG spin-on glass and/or a polyner dielectric

| ayer (such as polylmde, etc.). The interlayer insulating |ayer 4003 Is
preferably planarized . using chem cal -nechani cal polishing (CMP), but in
ot her enbodi nents can be planarized by etch back and/or any other neans. A
sem conductor active area |layer 4005 is then deposited over the 15

I nsul at | w@ d2@y32r7 4003 to conplete the SO01 substrate. ThRCHEsII2SMIuUCt Or

| ayer will be used for the transist® active areas. Layer 4005 nay have any
desired thickness, such as 20 to 120 nm preferably 70 nm and is chosen so
that in depletion' reginme the space charge region bolow the transistor gate

ext ends @8 1§ NReRnubGursd) ofna Y Bbesalky oidifis86MABANE! Work A 1005 20

conpri se\jf ? anor phous or ycrysta I'ne silicon layer doped wth first
conduct i ¥ 5/] type dopants. For exanple, |ayer 4005 may be p -type doped by
in-situ doping during deposition, or after deposition. by ion inplantation
or diffusionlhefwg ilinedphetelithagyanhy sten tdpesf nethsoauird coimalignroent ayer

4005 maytdiérandds,i SREOVMBE Word\aAbE Ree tda&ekraedensnﬁ@% samethask w@rﬂ% an
amor S0V L i8fhoe ARl Y0P SRSl 1hAG%08s (PE M Yat ldcia o 2

grain size I con
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i nduced gélf sllighéd Zat tie coffandl gace wmmmsl @rptwe/ermheEPaomtw lbieltigt y of
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el enent L pr a th h the,sil er

| ar ge grg’fé\esf‘%"'éo Fe%rage@ﬁ%s 6@3‘%’3 aln %tg*’ﬁ%ggoér?% 2‘{& at | g&ﬁ' %ggl In
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into a staHctance and a chance of a short circuit between the bit lines and the
word lines are decreased,

Figures 45 and 46 illustrate a method of making a TFT EEPROM

nonvolatile flash memory array according to the second preferred

20 emboadiment of the present invention. The method of the second preferred

embodiment is the same as that of the first embodiment illustrated in Figures
37-44, except that the sacrificial blocking layer 4013 is omitted.

Figure 45 illustrates an in-process semiconductor device 4100

according to the second preferred embodiment. The device 4100 illustrated

25 in Figure 45 is at the same stage in processing as the device 4001 in Figure

40. The device 4100 coulains the interlayer insulating layer 4103, the active

layer 4105, the charge storage region 4107 (e.g., an ONO stack or isolated

nanocrystals}, source and drain regions 4117, channel regions 4119, silicide
regions 4123 and bit lines 4125,

30 The gate electrode 4109 of the device 4100 is made thicker than the
gate electrode 4009 in the first embodiment. For example, the gate
electrods 4109 may have any appropriate thickness, such as 160 to 360 nm,
preferably 260 nm. Since the blocking 4013 layer is omitted, the gate
sidewall spacers 4121 are formed on the patterned gate electrode 4109



crystal silicon substrate, formng a. buried silicon oxide |layer therein. A
single 5 crystal silicon |ayer renmains above the buried silicon oxide

| ayer. Next, the surface of the active area |ayer 4005 is preferably
cleaned frominpurities and a native oxide is renoved. A charge storage
region 4007 is then forned on the |ayer 4005. In the first preferred

embodi meglp @lord2E  Present invention, the charge storagBCHESIEA2007
conprises an oxide-nitride 10 oxi deSTONO) dielectric triple layer. This

dielectric conprises a first (bottom) 5i02 |ayer, also called a tunnel
oxi de,, a charge' storage Si3MN4,01,5X layer, where x is O0to 1, and a

second (to S102 | ayer,, al sp cal l.ed,a bl,ocki,n ' oxide is
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exanpl e, 47127is thén alanarized ts psposothe Mepe sutfaesifitheedate BIRETOAS, ge

st or age h??@é. %hhf‘suueftﬁ{gnfa%? DR isPhreTedablyy plhattet byi CHA, youtsmkyt ed ]

nanocrystals, suc s silicon, - tungst m ; | sperse

in a silikeplaparizerd g)‘uieﬁ?‘? (?écgtang ro%Vn&BPE@ee%%‘%'su: At |¥wg§a}eﬁr§h%&g

nanocr ystiak protecgivesdilicargexideylayeriis algpetbmavashto eXROSEURIFYPRA] CEhe

bl OChisngocgééhg?gétéé‘?%ﬁrm4b@993§t&ﬁ@ﬂniiﬁ FiQfe4sa]. After the charge storage
it e.,

regi on 4 | e ONO dielectric) formation, a. first gate layer 4009
copr 1 se. any’ coRCIR SHeRe RrERocERe Tl 20T Reaithen B e ™
pol ysi | i carfdrayest innéne mdmbg@p}e@brqr@ts@acers 1 ma\}/ e compdsed ©
silicon nitride, rather than silicon oxide. Silicon nitride spacers are
advantageous because they conform to the underlying topography better than
20 oxide spacers. The spacers 4121 and the gate 4109 may act as a polish or

etch stop during the planarization of layer 4127.

- After the gate electrodes 4109 are exposéd, the memory array of the
second preferred embodiment Is completed just like the array in, the first
preferred embodiment. As in the first embodiment, one or more conductive

95 layers is/are deposited directly over the tops of the sidewall spacers 4121
and exposed gate slectrodes 4109. For example, the conductive layers may
comprise a silicide 4135 layer between polysilicon layers 4133 and 4137.
As shown in Figure 48, the conductive layer(s} is/are then patterned to form
a plurality of word lines 4141, which contact the exposed gate electrodes

30 4109, During the same patterning step, the charge siorage region 4107 and
the active layer 4105 are also patterned, as in the first embodiment.
Therefore, the word lines 4141 are self aligned to the control gate electrodes
4109, since a photolithography step is not required to align the word lines to
the gates.



77 PCTIUS01125092 52 thickness, such as 50 to 200 rim
xfzggggéfi 100 rim and any appropriate dopant concentration, such as 1019
- 1021 cm, preferably 1020 cm. If desired, an optional protective |ayer
4011, such as a protective silicon oxide |ayer, is formed on the surface
of the first gate |ayer 4009. 5 Layer 401 1 may have any appropriate
t hi cknes¥O¥MA7as, for exanple 3-10 nm preferably 5 nipcTistessosd s ot helr
than silicon oxide may. be used for [Syer 4011, if desired. A sacr|f|0|?
bl ocking | ayer 4013 is then deposited over the protective |ayer _4011.d n ?
preferred aspect of the first enbodi nent, the blocking layer 10 is nmade o

' il ' ks e y.be selectivel ed with
N ot A A e e A
conprised & I TiCon mIHHUEY fpaled by grayipeid thnilewasrofreiljedrenigridany

t hi cknes&Xidpr @herthemy for dtapuidenty| abertnat O4Bribason her t&w;ggm‘slﬁmgi el Sas
st oo bomplotes wapistreh 8 189 oflor MRS Iiking SO0 KO 017
will 45 he described.in more detall bel ow “For. ex: ; e _

t hi ckness posﬁ e%oé‘"?df pids oat o p%\"@f'é?%tﬂ‘ﬁ?ﬂb@"mﬁf’ ineg A4 B7 shows the device
cross sectiop at this stage of processing. Next, a bit line pattern is
transferred tbhe HEOTS ligeopBatolithagraphyvstep dues mubsbyaite ralignehever se

bi t i netolerskcess sinkevth Mvdrdoltie i@%atfemné&iu%ia@%ge setfle GhEAE A/ gAe def i ne
the bit [1aga stfine EREMD padinhe Bk JRucdr gf‘;’fggég?(e]ﬁst in @oun i 1
Fi gure 328 dheeatatal Bhecwordiéines ddkilnarel mytoonlyOseds alighdchen tiex peagdl t hrough
the t@&vegae 4109 ldfrheMEEK EERRONE ! ms@pe%sei@%aﬁ\g%ﬂ% %g%g l@,%gg%hég%sk e
Do Feverdhen SysaRe of R baftechiBh EEisnceis, 81 e Bitoa PrH fneslo 4015
t he prd%i%?i%’@ gleogselfpalignagndo tthe tharge gtrage apg'ronéO@-QD?uathtHd‘liS The
0 e et ek b bt o o W iRl
IOa\tl;?edl iels'ﬂgﬁ":r}(’;p?eeﬁp %e ?" ﬁbﬁyﬁeﬁﬁﬁzs‘?}%ﬁ%g?’ﬁ&?c{)ﬂg@ SensumRIng lmtolithegrmnivor esi st
may rBRBY a8 rgdveed. Since no misalignment tolerances are required, the cell

density is increased. Furthermore, eliminating blocking nitfide deposition and

selective etch steps of the first embodiment, reduces the step count by

three, which simplifies the process flow.

'Figure 47 illustrates a TFT EEPROM nonvolatile flash memory array

20 4200 according to the third preferred embodiment of the present invention.
The device and method of the ‘third preferred embodiment are the same as

that of the first or the second embadiments illustrated in Figures 37-486,
except that the charge storage region comprises an electrically isolated

floating gate rather than the ONO stag'k ot isolated nanocrystals as in _the first
25 or the second preferred embodiment.

As shown In Figure 47, the non-volatile transistor {i.e., the TFT

EEPROM]} is constructed as a floating-gate field effect transistor. In this case,

_the dielectric triple layer bonsisting of the ONO stack or the oxide layer
containing electrically Isolated nanocrystals is replaced with a tunnel

80 dislectric, such as tunnel silicon oxide layer 4206. The tunne! oxide 4206
has a thickness of 5 to 10 nm, preferably 7 nm.. The tunne! oxide layer 42086

is formed over the active area 4205, as in the first and’second embodiments.

The first gate electrode 4208 is formed and patterned on the tunnel
oxide layer 4206, as in the first and second embodiments. However, in the



the blocking nitride 4013 |Is etched, in which case the nitride nmay be used
as a hard nmask for etching the first gate |ayer 4009. The gate stacks 4015
include a patterned first' gate .electrode 9, an. optional protective oxide
4011 WD 02/ 015277 PCT/ USO01/ 25092 53 and a patterned bl ocking |ayer 4013.

|f desired, a thin layer of silicon nitride, oxynitiride or oxide is grown
to seal wbazbisest gate el ectrode 4009 sidewalls. Transper/usiigs®ece and
drain regions 4017 are formed by se® -aligned ion inplantation, using the
gate stacks 4015 as a mask. The lihotoresiist 5 layer may be left on the
gate stackp during this inplantation or renoved prior to the inplantation.

Hovever , 1R RERGIE, e bl B8 et PR Y Hegd Bofiest £ iliio aftiel,, e
gat es 40@therathase ar enpirel gpte-or The flaating ogatenfREAt st seifraligneth el theegi ons

4019 of #hesiaekictanhay219085iatiR fietahadebehownidialiméftgat e - el ect rodes
4009. The regions 4017 are doped with a second conductivity type dopant

di fferent frofd Bevidel fiksGRRAUR! Fidlie) 47V G PRBImB stadd in phoGHARI 4019,

Thus,_if the channel are p-type.dop hen th sour ngd “drain
regi ohs abihe faviep iy fiays 4. S-HE ‘5‘?"&‘@ gaptains Iiﬁﬁtﬁl’g’syg%s e device
at this sduwrge and drain pagicres42nd, chaind regitou Xd 186 sideveal! spacters 422 Inenory
array, t gﬁﬁnﬁgw - ‘%M " diiRida’ bR Bt Yined A¥D5 t he
regi ons %@T nay . eéco g?%gggggtséd e sy gg‘%‘rdc&ergﬁrog’f%%gi %(rstxm?%l_ependi ng on
whi ch bi 8N4 infulatingolaven 8224 provi ded.  Furthernore, since no field oxide

regions are preferably used in thiss nenory array, each region 4017 is
| ocat ed bet weEine tathieyaleyiationc fropd chesticy . amD serendf enbodingidstisctn®r regi on

SSLATIRABRLEY 4 fsbnonens o iy Mo poa i),
spacers & “QPe"E'F@ﬁré‘J 'on*??‘n@og r&[e\ﬂg% gieﬁefcqarﬁén%g;%@t a kgaé%%gia%as shown

in Fi gur thigkneser stiehaisl § tot2(knepawefesablp 212 noorphe sentpl geterdiglecHic i f t he
Sorr| AN USRI St Shon) i s mr =, T
selrrgct i vgwef ored Weﬁﬂﬁum% 34 Idipl%‘rttﬁjﬁirﬁﬁy pﬁ@prgsﬁa%lgfog 569? For
exanps e, sitiben syaixksy, skl orpyitrideper s GNO| stenkni The denitfol gate 4243

and word fines 4241 are then deposited and patterned over the control gate

dielectric 4212 as in the first and second preferred embodiments to complete

the device shown in Figure 47, The control gate dielectric 4212 and the

control gate 4243 are located inside the sidewall spacers 4221.

20 Figures 48A-C and 49A-C illustrate two alternative preferred methods
of making one TFT (i.e., one cell) In the device 4200 shown In Figure 47.
According to the first preferred method, a gate stack 4215 comprising a
floating gate 4209, a protective layer 4211 and an optional sacrificial
blocking layer 4213 are formed over the tunnel dielectric 4208, The source

25 and drain regions 4217 are implanted into the active area 4205 using the
gate stack 4215 as a rhask, such that a channel region 4219 is formed
below the tunnel dielectric 4206. Then, sidewall spacers 4221 are formed
aver the gate stack 4215. An insulating layer 4227 is formed adjacent to the
spacers and planarized 1o expose the blocking layer 4213, as shown in Figure

30 48A.

Then, as shown in Flgure 48B, -the protective layer 4211 and the
blocking layer 4213 are removed by etching. This forms the gate contact
via 4229. The via 4229 sidewalls are the sidewall spacers 4221 which
extend above the floating gate 4209.



t he bl ocking | ayer 4013 conprises silicon oxide. The spacers 4021 are
preferably formed by conformal deposition of a silicon oxide |ayer over the
30 stacks 4015, followed by an ani sotropic oxide etch. The spacer etch
process concludes with an etch process for.the ONO dielectric to expose
the source and drain regions 4017. Doping: ' in. the source and drain

regi ons ¢ dikyy be increased at this time by addi t i onBCTABPY2583 gned i on
i npl antation; using the gate stack$04015 and spacers- 4021 as a mask, |If
desired. If so, the WD 021015277 PCTNSOL/ 25092 inplantation before spacer
formati on may be used to formlightly doped source/drain (LDD) extensions.

The salicide process, is.t e W RRENPS WodErialt he
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etch, ' e.g., by a' _piranh sol utjion.. Th Llgci,de.reg 2 d the
doped si | i con AQaqrding ZFGl?tﬁ‘*t Sﬁ%q%rpr'ét?ﬁrﬁﬁi i‘@et[h%g’ bt Eﬁeg;%ag‘gzggqgi gure 39
shows t hessiapiiciegat fidhting Latst4200, the gontrohtgase. diglesit dt4ed aN%sd ati ng

| ayer, 4QR7 i, th Sy thQ of | QBC RS tuBhelv dicldetridi4208.nes 4025
and bt me%ﬂ?'?'ﬁ?' 3‘8‘3@5&""“2%?@3 g g‘?ﬁi&hffﬁ;eb ?ﬁ ul,fa‘l;tu g ggygraléaoaio%ay
conpri se Eng spueg apd saleatagions 4245( e g’pﬁr\t?‘idﬁ J((Z)XI gES %%0

oxyni tri dgging3fe FHeGtaBkGE2tHias- a)nngékwﬁmhaggélfy@aﬁnmleqe@éﬂq t ' ayfar
(such as poalyim ) ghe S bidedal! cets A@2taber | a

that i o dlPEEEhe oy, ShE shomaleRERIY gghejnﬁl by n%;? ;?H 27 %3 torthigy

i nsul at i nfprmesy ovenoPe pate ﬁ&?&)l@é‘i 2688 TSPRYT8h "‘:’Qafg fechans cal

pol i shis ngadjabbhit to €& Bpheark smddiienarized tot dxposaetha dleckieg Hes 43‘1193'[@er

surface of,the.sili itride blocking |layer 4013 on the gate stacks
4015. Fi'glPew. dﬁfﬁ%‘\%’g%%' :

Then, és shown in Figure 49B, the blocking layer 4213 is removed by
etching to expose the control gate dielectric 4212, This forms the gate
contact via 4229. The via 4229 sidewalls are the sidewall spacers 4227

50 which extend above the floating gate 4209 and the dielectric 4212, The
blocking layer 4213 may consist of a heavily doped poiysilicon, in which case
it may be left in the via 4229, if desired.

As shown in Figura 4-96', one or more conductive layers are deposited

aver the gaté contact via 4229 and the insulating tayer 4227. These layer!(s}

25 are patterned to form a control gate 4243 in the vias 4229 and a word line

4241 above layer 4227. The coilrol gate dieleglric 4212 separales Lhe
controi gate 4243 from the floating gate 4209.

In the n';ethods of Figures 48A-C and 49A-C, the word line 4241 is
self aligned to the control gate 4243, to the control gate dielectric 4212 and
30 to the floating gate 4209.

Figure 5O illustrates a TFT EEPROM nonvolatile flash memeory array
4300 according to a first preferred aspect of the fourth preferred
embodiment of the present invention. The device and method of the fourth
preferred embodiment is the same as that of the third preferred embodiment



25 device after the planarization step. Next, the blocking silicon nitride
| ayer 4013 |Is etched selectively wthout substantially etching the spacers
4021 and the insulating |ayer 4027. The protootivo oxide |ayer 4011, if
present, is then renoved by etching it fromthe upper surface of the first
gate el ectrodes 4009 in the stacks 4015. 30 These etching steps forma gate
cont act wope2b9897 above each gate 4009, as shown in Fi gBCW@.lIZSWe wi dt h of
the gate contact via 4029.1s substaktially the same as the width of the
first gate el ectrode 4009 because the via sidewalis are the inner

sidewal I s of the sidewall spacers 4021. Therefore the gate contact vias

4029 are,self. a €y Sig4 %3
bounded B {ﬂ'eeds "grﬁgﬁte éy;ce)%%bgstﬁpqg extgéét}e %ﬁ é&lg 's ?015277
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shown in mat er | conprjse
rrult|5ayé‘hesqqu°|cﬁﬁfﬁrq“§ﬁeﬁ§f‘°a4él 12sk G’Fms&@ﬁe@’ o sﬁ'??%ngﬁéife§2§833, a
sui ci de kt@e/eidewas spavels 4223, BnBl ther indGiatingt kayen L 2¥ .s stmavord- lineped

pol ysili ay. 4 0, r

or ef er ab?‘? 106 '@W Qégﬁ?%ﬂé'&earﬁ’d) L}Xﬁe}ﬁe@l é\bérat:ﬁ% | é{ﬁ@l?’g{igddsllé@%ﬁl@ﬂ-ﬁgz or 4035
i s pref epan gyhscﬁtr%ambeetmﬁul ﬁiqfkrre%GeWO&gne@SnrﬁmWP VigR ?fe}c'\%ff? t he
10 secondheawdnmiemah SE18 Ith Gasbe viardnibee dmdesaa songblegatey eThus, el lici de,

ol ahPys é?%na& %Bn%rd g HE?} ﬂ’gggﬁl{t geaﬁﬂé Wof@mﬁg W Re&P allﬁﬁed to

pol y es a ohm c. .
cont act w#he H"Ctﬂﬁ'@gf gagqs 439?(9 thécWP%@EeMT rNEXtc“%p'}b?‘FoPBge%’l B ayer
(not. shoy@erk Ss@fplasetheosiftide Neyarad 285 derd@ad pohjslicod layered@sedndhr ough
the word |4 mask and devel oped. The photoresist |layer |Is used as a nask
to etch t second gate electrodé material 4031 to forma pIuraIity of

A hen” ot e 53 Naheniaera T EZPROM P BRRE A il kg e 4005
{6 4300 according to the second preferred aspect of the fourth preferred
embodiment of the present invention. The device and method of this
preferred aspect are the same as those illustrated in Figure 50, except that an
upper portion of the floating gate extends above the sidewall spacers. The
" device illustrated in Figure 51 is at the same stage in processing as the
20 ‘device in Figures 47 and 60. As shown in Figure 51, the device contains the
interlayer insulating iayer 4303, the tunnel dielectric 4306, the source and.
drain regions 4317, channel regions 4319, silicide regions 4323, bit lines
4325 and insulating layer 4327,

The device illustrateci in Figure 51 includes the processing steps

25 ilustrated in Figures 48A-B and described above. Thus, a lower portion of
the floating gate 4309 is exposed in a gate contact via 4329 between the
sidewali spacers 4321 which extend above the lower portion of the floating
gate, similar to that shown in Figure. 48B. However, instead of forming a
control gate dielsctric 4312 in the via 4329, an uppér portion of the floating

30 gate 4310 is deposited in the via. The upper portion of the floating gate
4310 is formed by depositing a conductive layer, such as a doped polysilicon
layer, over the vias 4329, the spacers 4321 and the Insulating layer 4327,

such that it contacts the exposed lower portion of the floating gate 4309 in

. the via 4329. The conductive layer is patterhed using photolithography into
35 an upper floating gate portion 4310 such that it extends vertically above the
sidewall spacers 4321. Preferably, the conductive layer also extends



The photoresist |layer may be left on the word lines 4041 during this
etching 20 step or it nmay be renoved prior to this etching step. The bottom
insulating |ayer 4003 under the active area |ayer 4005 and the intergate
insul ating |layer 4027 over the bit lines 4025 serve as etch stop | ayers.
Thus, the second gate electrode material 4031 is patterned into a

pl ural i t WOR/NBFH | i nes 4041 which overlie the intergaperassauseri ng | ayer
4027 as shown in Figure 43, and 25 Phto upper portions 4043 of the first
gate el ectrodes, where the material 4031 extends.into the vias 4029, as
shown in Figure 44. Figure 43 is a cross secti-on along line A-Ain Figure

42 and F S d | a in Fi re .
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Furt her nBP&° 5‘?‘?‘?&‘3 ﬁ'&e r'ﬁ%%?*”f‘bﬁ’n%’ﬁ? kegyween ésf qeémgemtn angl theapentrelqui r ed,
t he 15 al gatebwmaid iin® $s indunotagedus Archlies ivihicesisag ahef cdpaenfl@vtegpiply t he

first anadicnehe ﬂo%tmbaé&tglé}faeﬂ@ ddteFds gla@é/woggt,%el nsul ating I ayer 4027 is

| ocat ed

In & preferred aspect of the fourth embodiment, the top surface of the
upper portion of the floating gate 4310 is textured or roughened to further
increase the capacitive coupling between the floating gate and the control

20 gate/word line. For example, at least the upper portion of the floating gate
4310 may be made of hemispherical gréin silicon {HSG}, or the upper éurface
of the floating gate may be roughened by etching or coarse polishing. In
other words, the upper poertion of the floating gate may be textured or
roughened similar to the texturing or rouéhening methods used t¢ texture or

25  roughen bottom conductive plates of DRAM capacitors,

While the first through fourth preferred embodiments dsscribe and
illustrate a TFT EEPROM nonvolatile flash memory array, the present
invention should not be considered to be so limited. For example, rather than
a self aligned word line in a TFT EEPROM érray, any gate line may be self

30 aligned to a MOSFET (i.e., metal oxide semiconductor ficld offect transistor)
gate according to the preferred embodiments of ihe present invention.-
“Furthermore, the EEPROM array may be formed in a bulk silicon substrate
rather than over an interlayer insulating layer.

_ The first through the fourth preferred embodiments describe and
35 illustrate a cross-point array of word lines and bit lines at a horizontal level



15 between the bit lines 4025 and the word |ines 4041, the parasitic

capaci tance and a chance of a short circuit between the bit Iines and the
word lines are decreased. Figures 45 and 46 illustrate a nethod of making a
TFT EEPROM nonvol atile flash nenory array according to the second
preferred 20 enbodinent of the present invention. The nethod of the second
preferr eWQRIdWhent is the sane as that of the first epowdisopmto:
illustrated in Figures 37-44, excef? that the sacrificial blocking |ayer
4013 is omtted. Figure 45 illustrates an in-process sem conductor device
4100 according to the second preferred enbodi nent. The device 4100
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I nsul at | ftgtoRiRgraphic #adking ¥eds. " Une"HRORNTERLp iE34E Gate patterning /
self aligned bit line formation. The other masking step is for word line
patterning. The methods of the prefer're'.d embodiments of the present
invention exploit self-alignment to reduce alignment tolerances between the -
20 masks. The memory cell area achieved with the foregoing process is about
4F*, where F is the minimum feature size {i.e. 0.18 microns in a 0.18 micror
" semiconductor process). ' The term “about” allows for small deviations (10%
or less} due to non-uniform process conditions and other small deviations
from desired process parameters. If the charge storage ﬁ'ledium'used in the
25 transistor is not conductive,- e.g., it is formed from nitride or oxy-nitride {i.e.
using the ONO charge storage mediumy}, or electrically isolated nanocrystals,
the localized naturé of charge storage can be exploited to store two bits per
cell. In this case, the effective cell area per bit equals about 2F?,

The NVG array of the first through fourth preferred embodiments is

30  very suitable for vertical stacking of horizontasl planar NVG arrays. Figure 52
lustrates a three dimehsional memory array 4400 according to a fifth
preferred embodiment of the present invention. - The three dimensional
memary array contains a three dimensional array of TFT EEPROMs made
according to the first, second, third or fourth preferred embodiment. Each

85 TFT EEPROM contains a channel 4419, source and drain regions 4417, a
control gate 4443, control gate sidewall spacers (not shown for clarity in



4127 is then planarized to expose the upper surface of the gate el ectrode
4109. The insulating |layer 4127 is preferably planarized by CWP, but, may
be pl anarized by etch back and/or any other neans. During the

pl anari zation, the protective silicon oxide |layer is also renpved to
expose the upper surface 15 of the gate el ectrode 4109, as shown in Figure
45. Si ncwogaeiet ective nitride. blocking |ayer 4013 et POT/AS@EERS92 not
performed in the second enbodi nent, 64 he spacers 4121 nay be conposed of
silicon nitride, rather than 'silicon oxide.” Silicon nitride spacers are
advant ageous because they conformto the underlying topography better than
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are formed In the bit lines where the word llnes intersect (i.e., overlie) the bit

lines and the doped regions are located adjacent to the EEPROM channel

regions.

The memory array also includes a plurality of word [ine rows 4441.

20 Each word line contacts the control gates 4443 of a plurality TFT EEPROMs

4400 {or the word lines comprise the control gates). The rows of word lines

extend substantially parallel to the source-channel-drain direction of the TFT

EEPROMSs {i.e., a smail deviation from the parallel direction is included in the

term “substantially parallel”). It should be noted that the rows of the word

25 lines 4441 may extend substantally parallel to the source-channel-drain

direction of the TFT EEPROMSs throughout the entire array 4400 or only in a

portion of the array 4400. The plurality of word lines 4441 are self aligned

to the control gates 4443 of the array of TFT EEPROMSs (or the word lines

themselves comprise the control gates). If floating gates, but not contro!

80 gates are inciuded in the array, then the word lines are self aligned to the
floating gates and to the control gate dislectric.

Each devics level 4445 of the array is separated and decoupled in the
vertical direction by an interlayer insulating layer 4403. The interlayer
insulating layer 4403 also isolates adjacent word lines 4441 and adjagent

35 portions of the active areas 4405 below the respective word lines 4441 in



tol erances, since the word line is patterned using the same nmask as the
charge storage regions 4107 and the active |ayer 4105 of each TFT in the
cell. Therefore, the word lines 4141 are not only self aligned to the
control 10 gate 4109 of the TFT EEPROM by bei ng deposited directly over the
exposed upper surfaces of the gates 4109 and spacers 4121, but the word

i nes -WOPROER2ET al so self aligned to the charge storagepcTmgiese24107 and
the channel regions 4119 of eauh néhory cell. By using a fully self
aligned nmenory cell, the nunber of expensive and tinme consum ng
photol i thography 15 steps is reduced. Sinop no msalignnent tolerances are
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627825‘2‘%@§ ) %ﬁa@ﬁf&ﬂ‘ﬁ?ﬁ%ﬁciﬁ% R Bt 14 R G 12,
4209 % orfgrmse glugaktyonf wegd Jises orrwetsbling homtagt dayers ehdgatt leastThlee tbitoat i ng
gate 4209\6I coraetf eyt 9Megh Rntéifls at least one of the plurality of the bit lines.
Thus, a separate bit line contact deposition and patterning step may be
avoided, since the same conductive layer may be patterned to form the word
lines / word line contacts and the bit line contacts. Of course, if desired, the
20 word lines / word line contacts and the bit line contacts may be made from
different materials and/or patterned using different masks

Figure 53 illustrates a bit fine contact 4447 according to one preferred.
aspect of the sixth preferred embodiment. In Figure 53, a first doped .
polysilicon layer 4433 is formed over the inter-gate insulating layer 4427. A
25  bit line contact via 4449 is then formed in the insuléting layer 4427 in which
a top portion of the bit line 4425 is exposed. A silicide layer 4435 and a
doped polysilicon layer 4437 are then deposited, such that the silicide-layer
4435 contacts the bit line 4425 through the via hole. The layers 4433,
4435 and 4437 are then photolithographically patterned using the same
80 mask to form both the plurality of word lines 4441 and a plurality of bit line
contacts 4447. -An upper interlayer insulating layer 4403 is then formed over
the word lines 4441 and bit line ¢ontacts 4447. Word line contact vias
4481 and bit line contact layer contect vias 4453 are formed in the insulating
layer 4403 for formation of further contacts. It should be .noted that ths
35 word lines 4441 and the bit line contact layer 4447 are not limited to the
materials described. The layers 4441 and 4447 may comprise one or more



transi stor channel 4219, as in the first and second enbodi ments. The device
illustrated in Figure 47 is at the sane stage in processing 5 as the
device in Figure 42. The device contains the.substrate 4203, the source
and drain regions 4217, channel regions 4219, sidewall|l spacers 4221

adj acent to floating gate 4209 sidewal ls; suicide regions 4223, bit |lines
4225 aroiopeLEt i ng | ayer 4227. The ot her devi ati on freca/usm2sioest and
second enbodinents is the 10 forne#d on of a control gate dielectric 4212
over the floating gate 4209, as shown In Figure 47. The control gate

di el ectric may have any appropriate t hi ckness, such as 8'to 20 nm

prefera ric may_ b r on the
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si | i con aanirhay (Baelﬁu vt SNOWEr askal o'ﬁ‘hfheﬁﬁﬁb{lecb &itact 248 nndrword |ines

4241 ar p ver e control gate dielectric
4212 ase‘f\’hnfﬂn ?PB%EE algg%!ooﬁdﬁ.% %r?f%sér odinents to conplete the
devi ge shovvn %ﬂ- e“ 47.' The ?Pgﬂn Jfol gate djelectric, 4212 and the

e

cont rol gate sty & Bot fRNtarH ARG anserding W 2NOHY Fi gures
48A- C ampurefd@vedCaspdatsodi ﬂteesbmlm padfeersdadmbedipreat er inethisrenibmdiiment, ataki ng one
TFT (i . §gastOBfe 4t ljhe! St @%Vh%ﬁszrg)&g a@gwg:dcdh a{:'l&i& rﬂe?T ﬁeﬁﬁ grding to
the first pre errecf STACK risin (i oating gate
4209, a ’BF@?EB&%EN Mfe'gﬁ’dif &b velsnal 'Cf?a TRYq dp I9‘"8| Ubktheg 1 ayer
4213 ar ewbmt tinel 4641 i Hirst padeied ehd dm intedBH. indblatinguiager 25038nis drai n

" egi s m&te&emepgdantmranﬁe bBftaBE Vit 48592ald t%ﬁbn&rtca e stack
4215 as ‘Fp%l@ suc ah apne reglﬁ or nmed he t unnel
diel ectr 26 Formies, '“§ & dRNating iRy 8t §2 ’a‘?@'tf 6?%8"‘136@%3 ﬁé gat e
stack 42b8endArthronggl abé rigtdrgyer inkRREingsiayer rm:adpaﬂmﬂmﬂ iné 528 pacer s

and pl ar\ﬂrhicﬁe&rﬁﬁnmdw@d Fégg@hasvlﬁeg{he%ﬁaefé@ 3 n Figure 30

48A. Then, as shown in Figure t he ective 11 and t he
Vi 4229 Thethes Sne B wior ponPuciye e csuAas |s"%éﬁé$@?z@%§ h
ext etfd ataped polgsiticontlayer 486¢ ar20daposited on the intorlayer insulating iaycr
4503 and in the vias 4551 and 4549. The one or mare conductive layer(s}
4555, 4557 are then photolithographically patternéd using the same mask to
form both a word line contact 45592, the bit line contact 4547, and plurality
of word lines in the memory layer above the memory layer shown.

2Q The word line and. bit line contacts can reach down to lower levels,

e.g., evéry other lower level, or several lower levels at the same time. Thus,

in Figure 54, the bit line contact 4547 and the word line contact 45659 are

formed in the N+ 1 level of the array, and extend to the word lines 4541 and

the bit lines 4525 in the Nth level of the array. The word line contacts and bit

25 line contacts connect the word lines and the bit lines with the peripheral

" circuits located in the semiconductor substrate helow the first device level of

the array {or located elsewhere in the array, such as above or within the

array, but preferably at least in part vertically integrated or aligned with the

~array). Landing pads are made in level N+1 conductor for the next level
30 contacts. ) ' '

Figures 55 through 61 illustrate a method of making a TFT EEPROM
nonvolatile flash memory array according to the seventh preferred
embodiment of the present invention. The method of the seventh preferred
embodiment starts in the same way as that .of the first, second, third, or



WO 02/ 015277 PCT/ US01/ 25092 60 A control gate dielectric 4212 Is then
formed, for exanple, by thermal oxidation, on the exposed floating gate
4209 inside the via 4229 as shown in Figure 48C. Then, one or nore
conductive |l ayers are deposited over the gate contact via 4229 and the

I nsul ating | ayer 4227. These |l ayer(s) are patterned 5 to forma control
gate 424¢dBrider via 4229 and a word |ine 4241 above |BGEPSURS2 The
control gate dielectric 4212 separabts the control gate 4243 fromthe
floating gate 4209. According to the second preferred nethod, a gate stack
4215 conprising a floating gate 4209, the control gate dielectrio 4212 and
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15 insulating layer 4627 comprises silicon oxide, then the dummy blocks may

comprise silicon nitride, silicon oxynitride, polysilicon or other materifals which

may be selectively etched with respect to silicon oxide.

Proferably, the active layer 46056 comprises amorphous silicon and the

dummy blocks 4604 are formed: of a material which is deposited at a

20 temperature below 600 °C to aveid recrystallizing the amorphous silicon Iayer

4605 into a polysilicon layer-with a small grain size. For example, the

dummy blocks 4604 may be formed by depositing a low temperature PECVD

silicon nitride layer over the active layer 4605 and patterning the silicon
nitride layer into a piuraljty of dummy blocks 4604 using photolithography.

25 In a preferred aspect of the seventh embodiment, the dummy biocks
4604 comprise a plurality of layers, including a sacrlflma! channel dielectric
layer 4667, a sacrificial gate layer 4669, and a protectwe oxide layer 4671,
ae shown in Figure 6B6. Layers 4669 and 4871 arc patterncd using a reverse
bit line mask, similar to. that lustrated in Figure 38 of the first preferred”

30 .embodiment, to form the dummy biocks 4604, as shown in Figure 56. Since
all layers 4667, 4669, 4671 above the active layer are sacrificial, lower
quality materials may be used for these layers. For example, low temperature _
silicon oxide {LTO) or PECVD silicon oxide may be used for the channel
dielectric layer 4667. Thus, layer 4667 may be deposited at a low

35 temperature {i.e., below GO0 °C) to avoid recrystallizing the amorphous



Figure 50 illustrates a TFT EEPRCM nonvol atile flash nenory array 4300
according -to a first preferred aspect of the fourth preferred enbodi nent
of the present invention. The device and nethod of the fourth preferred
enbodi ment is the same as that of the third preferred enbodi nent WO

02/ 015277 PCT/ US01/25092 61 Illustrated in Figure 47, except that the

control wateofhel ectric is located above the sidewal | BEHEHSS092

Furthernore, the blocking |ayer 4218 is onmtted. As shown in Figure 50,
the sidewal | .spacers 4221 extend to the top of the floating gate 4209,
simlar to the device of the second preferred enbodinent. 5 The control

gate di elngcc}é” Ctﬁ%%\iéts geoﬁké PadeI\(lﬁﬁtc&nq?yéroﬁﬁﬂhng Qﬁél@%ré‘iﬁoﬁze ithe
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4300 acc 9 secon preferred aSpect of the fourth preferred
enbodi maWc'thoﬁ‘ qree PRIBsHH- i nvention. The device and met hod of th| S

preferred aspect are the sane as those illustrated in Fi 8“‘5 ._except
that an uppeBuipgaquestiyofT FtTheowriogaarchgrajatredions Rk’ A58y iiB®hal |
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proceSS|n

e 51,
t he deV| ﬁbggngret ngf/e%uﬁpeﬂaprg&gg%ﬁge&ﬁ\?%eﬁ%g% h'gfhg.‘&”b%la\nﬂﬁ;le
di el ectr btnckSO%O&ﬂ-helfsthﬂr dunumiyi bloaksaf B04 ceArgale 2 POFYSIER bns 4319,
silicide J:eﬁfgllm é@%&rallbbﬁaédrawzﬁi’a% fRnchetinon | thisi dgﬁrﬁy@o‘ﬂemoq he

oo | AR LS Adheras ek L UE sl R hRctens egoprstine
t he fifoasilbspryent siitde n‘csmesims@m they dumyay Slackstand "M"ﬁ‘"ﬁ@f@ %P n the
in source/drain engineering. The spacers 4621 may be composed of silicon
oxide or silicon nitride, or two different layers, as shown in Figure 57. If
desired, an additional implantation may be performed into the source and
drain regions 4617 using the blocks 4604 and spacers 4821 as a mask. If
20 the dummy blocks 4604 do not contain polysilicon (i.e., are _composed of
silicon nitride), then the spacers 4621 may be omitted. '

A metal layer, such as Ti, W, Mo, Ta, etc., or a transition metal such
as Co, Ni, Pt or Pd is blanket deposited over the exposed regions 4617 and .
the dummy blocks 4604, The device is annealed to perform a silicidation by
25 direct metallurgical reaction, where the metal layer reacts with the silicon in
regions 4817 to form the silicide regions 4623 over regions 4617, as shown
in Figure 58. The unnreacted metal remaining on the dummy biocks 4804 is
removed by a selective etch, e.g., by a piranha sofution. The active layer
4805 is then recrystallized by laser or thermal annealing using the silicide
30 regions 4623 as a catalyst. Alternatively, if desired, the active layer 4605
may be recrystallized simultaneousily with the slilcide 4623 formation, or the
active layer 4605 may be recrystallized by laser or thermal annealing befpre

the formation of the dummy blocks 4804.

After the formation of the buried bit lines 4625 which ¢ontain the
35 source and drain regions 4817 and the silicide 4623 regions, a conformal



si dewal | spacers 4321 which extend above the | ower portion of the floating
gate, simlar to that shown in Figure. 4813, However, instead of formng a
control gate dielectric 4312 in the via 4329, an uppbr portion of the
floating 30 gate 4310 is deposited in the via. The upper portion of the
floating gate 4310 is forned by depositing a conductive |ayer, such as a
doped poWQIRPIBN | ayer, over the vias 4329, the spacercrésibsead t he

i nsul ating | ayer 4327, such that i contacts the exposed | ower portion of
the floating gate 4309 in the via 4329. The conductive layer is patterned
usi ng photolithography Into 35 an upper floating gate portion 4310

h'th ok a3 | Gadaby: b si dewal acers 4321.
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fur fiRer 463%r dhdbetdumuaphioicks ieclodelpl sagiflaidivre dilectrioRiendigest,e and the
cont rol tRéh GhisL(aRE hdsT TanBE r&¥RUBY st pldviid kP b4ORSS: R4 Of the
%\gt%ogs. As shown in Figure 59, a plurality of vias 4629 are formed in

locations where the dummy blocks 4604 were previously located.

After the surface of the active layer 4605 above the channel regions

20 4619 is exposed by removing the dummy block materials, the “real” or

permanent gate dielectric material is immediately grown and/or deposited on

the exposed regions. Preferablv, this dielectric compriées a charge storage

region 4807 selsctéd from the ONO triple layer or the plurality of electrically

isolated nanocrystals, as shown in Figure 60. Alternatively, this dielectric

25 may comprise a tunnel dielectric 4606 if the TFT EEPROM contains a floating

~ gate 4609, as shown in Figure 61. The charge storége layer 4607 is located

on the bottom of the vias 4629 above the channe! regions 4619. The charge

storage layer 4807 also contains vertical portions located on the sldewalls.of

the intergate insulating layer 4627 (or'on the sidewalls of the spacers 4621,

30 if the spacers are present) and horizontal portions located above the intergate
insulating layer 4627, as shown in Figure 60.

-Subsequently, & conductive material is deposited over the intergate
insulating layer 4627 and the charge storage regions 4607, Thé conductive
material may comprise polysilicon or a combination of polysilicon 4633, 4637

35  and silicide 4836 layers, as in the other embodiments. The conductive



4310 may be made of hem spherical grain silicon (HSG, or the upper surface
of the floating gate may be roughened by etching or coarse polishing. In

ot her words, the upper portion of the floating gate may be textured or
roughened simlar to the texturing or roughening nethods used tO texture or
25 roughen bottom conductive plates of DRAM capacitors. Wiile the first

t hr ough WOWRPIR2Tr ef erred enbodi nents describe and il | uscT/asoa/2800IFT EEPROM
nonvol atile flesh nenory array, the™resent invention should not be
considered to be so limted. For exanple, rather than a self aligned word
line in a TFT EEPROM array, any gate line may be self 30 aligned to a
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ar Pt ect ur edn gtrheightih prnefead embbdiamnti@R theperesemninventibn Ddad TBTei ng NOR

(DUSNOR I BTOE iy 1t AVEH 1 4108 B SN 8RN 57 b ERy J4SY 5B act acent

cell strj n%% shar n sgurce l i nes,
is descrd PEHYPH Kat'g” q@%r & dgpant agtigtionsstepr abshe same thes,  Thisor por at ed
herein b?diﬁfeésetfml@levw'éhiametmmny e, bEurthevpdrepticdadts ileudl tdfe sane

process e shi2g Werk SRt G B atbu AR ARG oBBK NGVBLER | UseC

cer 18" Frdepfing, ﬁrgensﬁzﬁm (Sl g T o1 oo g 2"
enmbodi nﬁhbs:nﬁertlh\ealg.r eBdatman kel todevieqUuidreanBohyity Wecause the grain

size may be larger in the active areas of the lower levels and/or the source

and drain regions may have a different dopant distribution in the lower levels

than in the upper lavels,

20° Thus, in a first preferred aspect of the eighth embodiment, amorphous
silicon or polysilicon active areas of TFTs in a plurality of levels are
recrystallized at the same time. Preferably, TFTs in all levels are
recrystallized at the. same time. The recrystallization may bhe sffected by
thermal annealing in a furnace or by rapid thermal annealing {RTA) in an RTA

25 system, The thermal annealing may be carried out at 550 to 800 °C for 6-10
hours, preferably at 650 ta 725 °C for 7-8 hours.

Furthermore, since a silicide layer 4423 contacts the source and dra:n
regtons 4417, the silicide may act as a catalyst for recrystallization,
especially if nicksl, cobalt or molybdenum silicide Is used. The metal atoms

30 diffuse though the active areas of the TFTs, leaving behind large grains of
polysilicon. Thus, recrystallizing the amorphous silicon or polysilicon active
areas after depositing the bit line metallization leads to larger grains and
allows the use of lowsr recrystallization temperatures, such as 550 to 650
°C. Furthermore, no separate metal deposition and patterning for metal

35 induced crystallization is required. Thus, each level of the array may be



phdtol i t hographi ¢ maski ng steps. One masking step is for gate patterning
self aligned bit line formation. The other nmasking step is for word |ine
patterning. The nethods of the preferred enbodi nents of the present

i nvention exploit self-alignnent to reduce alignment tol erances between the
20 masks. The nenory cell area achieved with the foregoing process is about
4F2, wheW@ w0187t he mi ni num feature size (i.e. 0.18 m creTrEsii2s®20. 18

m cron' Semiconductor process). 'THe term "about" allows for small
deviations (10% or |ess) due to non-uniform process conditions and ot her
smal | deviations fromdesired process parameters, |If the charge storage
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front hé RaPicalter the erystalizstics qr\ﬁ‘éﬁ'uded in the term "substantially

per pendi cul ar") It should be noted that the colums of the bit
In a third preferred aspect of the eighth embodiment, the

recrystallization and dopant activation are carried out in the same annealing
step of a plurality of levels ‘or for all the lovels of the array. The annealing
step should be conducted at a sufficiently high temperature and for a
20  sufficient length of time to activate the dopants and to recrystallize the TFT
active areas, without causing the source and drain region dopants to diffuse
into the channel regions of the TFTs. Preferably, the combined

recrystallrzatlon and dopant activation annealing step comprises an RTA
treatmen’c

25 In a fourth preferread aspect of the eighth embodimaent, aﬁ axtra
photolithographic masking step is provided to [orm crysiallization windows

. us_;ed to deposit the crystallization catalyst material. For example, as'shown

in Figgre 62, the material 4722 used to form sidowall spacers 4721 s

_ patterned using a separate photolithographic mask to fdrm the crystallization
30 windows 4701. Thus, in the replacement-gate transistor method shown in
Figures 55-61, the crystallization windows 4701 are formed in .the low
temperature oxide {LTO) layer used to make sidewall spacers after t'he
reverse bit line pattern is etched into the protective oxide 4771 and the
sacrificial gates 4769. Crystallization mask features are etched into the

35 oxide layer 4722 to clear the surface of the active layer 4705.



10 lines 4425 may extend substantially perpendicular to the source-channel -
drain direction of the TFT EEPROVs t hroughout the entire array 4400 or only
in a portion of the array 4400. The bit lines in each device |level are
shaped as rails which extend under the intergate insulating |layer. The bit
linos include the buried diffusion regions fornmed during the source and
drai n 15ggnRlegrst eps and the overlying silicide | ayer sP FHE01Z5W2ce and
drain regions are formed In the bif2lines where the word |ines intersect
(i.e., overlie) the bit Ilines and the doped regions are |ocated adjacent
to the EEPROM channel regions. The nmenory array also includes.a plurality
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TFT EEP nﬁf"fﬁ@‘fﬁ*‘rﬁb‘ﬁoﬁ b€ 1R bidewslirspaverd4fGhose embpdiménts. portion of the

array 44 he plurality of word |ines 4441 are self aligned to the

control gates 4443 of .the. a iniTEE, FEPRABC6oP! ba, Wor, dRu,i O8sTr,
t hemsel ves confitis8 ‘farjféw%fjn%é%\yag NI G,

ates). If float)ng gat DUt control
30 gat es Gu,eAunz isiligide therepk %r"ftg?, traRgHoR ﬁ'éet\ﬂg?fﬁ"% ses??ztpglpslég\ ? al'i gned
to' the iflpalosREdIatip® aathiysr tdraesdntcaritagaveéthitbe eamerrhousagiicaByi ce,
| evel 4445 of the N e ed THy thalyatematearsdl
di red® oﬁ%veéﬁy?rn?@rﬂ%éﬁgﬁ’ ;ﬁ"ngﬂé 3’?’?& ‘%Fﬁoq‘%cqq@h ot er

4403, Th
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35 porti onsa0kt BE b Smplatasd 44 @ finmidointe hiae retipe davared iR d 1M8iks 4441
-in WD.021015277 RCT/ US01/ | 4w TOEO 1T, ect i ve
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di mengy Op‘faﬁorﬂ’éﬁ@bsaﬂdolﬂaﬁ'&n fiartha smomshoudi siiiusi. orRly<iigady praimmdn dtheay  of
nonvol ati present e AL SE %4400 AR &R Sthe seed regions in the windows
4701 and grow laterally. At the completion of anneal, the grain boundaries
4702 are aligned as shown in Figure 66. Then, the catalyst is removed. A
solid catalyst layer may be removed by selective etching, while catalyst
20 atoms In the recrystallized polysilicon may be removed by gettering, such as .
by annealing the device in a chlorine containing gas. The LTO oxide layer
4722, which comprises the boundaries of crystallization windows 4701, is.
then removed by selective etching, and the device is completed as In the
other embodiments. [t should be noted that the word lines (WL in Figures 62
o5 and 65) are subsequently formed over the regions where the crystallization
windows- 4701 used'to be formed. Since the crystallization begins in the
windows 4701, the grain boundaries 4702 which are parallel to the word
lines are located away from the window reglons, in the regions of the active ~
layer 4705 between the word lines. These regions of the active Iz_wer 4705
30 between the word lines are remoyéd after the formation of the word lines.
Therefore, since the channel regions of the TFTs are located below the word
lines, these TFT channel regions contain fewer grain boundaries, and
supstantially no grain'boundaries which' are parallel to the word lines.

35



5 a nonolithic three dinmensional array of nmenory devices. The term
"nmonolithic" nmeans that |ayers of each level of the array were directly
deposited on the |l ayers of each underlying |evel of the array. In contrast,
two di nensional arrays nmay be fornmed separately and then packaged together
to forma non-nonolithic menory device. 10 Each cell in one |evel 4445 of

t he menoyyy @loifdyr can be formed using' only two photol i PREYPHAIR maski ng
steps. However, additional- masking73steps may be needed to forrn contacts
to the bit lines 4425. In a sixth preferred enbodi mrent of the present

i nvention, a conductive layer is formed over the array of nmenory devices.

The conductlve | ayer en patterned to 15 forma plurality of word |ines
or word Hin Mdﬁj and at |east one bit Iine contact |ayer which

Contacts at | east one of the plurali ty of theggl lin ngJ‘]u%vﬂq separate
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| i ne contratar toithe samesgr h‘ﬁﬁjpﬁf‘tﬁ line contact 1ayer contact vias 4453 are

formed in the insulating |ayer 4403 for formation of further conjacts. it
shoulig be not ed thetintéresBmfwotatity,i mos alidaf ghe touting foptures FnitEt | ayer

4447 are ﬁ@ie%émattﬁﬂs Qeddifhed ™RbRLh 2o dREGN BAE. dddmibealyer it W1 odnd 4447
i Corrprcourse, be appreglated that in the development of any such actual
implementation, numerous implementation-specific decisions must be made in
order to achieve the developer's specific goals, such as compliance with
20 application- and business-related constraints, and that’these specific goals
will vary from one impiementation to another and from one developer to
another. Moreaver, it will be abpreniate'd that such a development effort
might be complex and lime-consuming, but would nevertheless be a routine
undertaking of engineering for those of ordinary skill in the art having the
25 benefit of this disclosure.

( I

The present embodiment is directed to a two- or, more preferably, a
three-dimensional many-times-programmable (MTP) non-volatile memory.

" The memory pravides a bit cell size of 2F*/N where F is the minimum (gature
size {e.g., 0.18 microns in a 0.18 micron semiconductor process and 0.25

30 microns in a 0.25 micron semiconductor process) and N fs the number of
layers of devices in the third (i.e., vertical) dimension. Thus, for a 0.18
micron process with 8 devices stacked vertically, the effective bit cell size
projected on the substrate is only about .0081 square microns., As a result a

50 mm? chip with 50% array efficiency in a 0.18 micron technology ‘and

35 with 8 layers of memory devices would have approximately 3.1 billion



WO 02/ 015277 PCT/ USOL/ 25092 66 polysilicon, silicide or netal |ayers.
Furthernore, while the gate line 4441 and the contact 4447 are located in
the sane | evel of the device, the contact 4447 may extend into a | ower

| evel of the array to contact a bit line or a word line in the | ower |evel
of the array, if desired. 5 Figure 54 illustrates a bit |ine contact 454.7
accor di ngote@nn®t her preferred aspect of the sixth prePEFP8H/28MBodi ment .
In this enbodinent, at |east one b |ine contact via 4549 extends through
at |east one interlayer ' insulating |ayer 4503 between different |evels
of the array. In Figure 54, the word line 4541 is first patterned and an
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| evel, or.several |ower |levels at the sane .tine. Thus, in Figure 54, the
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the next &MBlkimI0nrOMACts. . Figures 55 through 61 i)lustrate a nmethod of
maki ng a TFT EEPROM

Turning now to Figure 80, a method of integrating memory devices in
accordance with a specific embodiment of the present invention into a multi-
level array of storage cells will now be described. The fabrication starts by

20 providing a substrate 5180 on which the multilevel array of storage devices .
' is to be formed, Substrate 5180 will typically include a lightly doped
monocrystalline silicon substrate §182 in which transistors such as metal
oxide semiconductor {(MOS) transistors are formed. These transistors can be
used as, for example, access transistors or they can be coupled together into
- 25 circuits to farm, for example, charge pumps or sense amps for the fabricated
memory devices. Substrate 5180 will typically also include muitiple levels of
interconnects and interlayer dielectrics 5184 used to couple transistors in
substrate 5182 togsther into functional circuits., The top sur_face 5186 of
substrate 5180 will typically include an insulating layer or passivation layer to
30 protect the underlying transistors and interconnects from contamination. The
top surface 5186 will typically contain electrical contact pads to which
multilevel arrays of memory devices of the present invention can be
electrically coupled in order to make electrical contact with the transistors in
sllicon substrate 5182 In an embodiment of the present invention, the
35 memory devices are physically isolated and separated from the single
crystalline substrate by multiple levels of interconnects and dielectric 5184.



nonvol atile flash nenory array according to the seventh preferred

enbodi nent of the present invention, The nethod of the seventh preferred
enbodi ment starts in the sane way- as that of the first, second, third, or
WO 02/ 015277 PCTFUS01/ 25092 67 fourth enmbodinents illustrated in Figures

37-51, except that 'a sacrificial dummy bl ock which holds the place of the

gate el eg‘dﬁﬂi‘sziﬁ used in the process. A transistor foPEBUSHREARI s net hod
is called a replacenment-gate transi&tor. The array nmade by the seventh
preferred enbodi ment may be 5 fornmed as three di.nensional array. shown in
Figure 52, having an effective cell area per bit of about 2F2/N . As in
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4671, together. Next, a planarization is performed by depositing or growing a.n

insulating layer such as a silicon oxide over conductor layer 5188 to fil
spacos between bit lines. A conventional chemical mechanical polishing

(CMP) step completes the planarization and exposés the bitlines.

20 Turning now 1o Figure 86, a specific ambadiment of the present
invention is illustrated in front perspective view. [n this embodiment, a 2-
dimensional memory array 5040 includes a first plurality of spaced-apart
conductors such as N+ doped polysilicon bit lines 6042, 5044, 50486, 5048
disposed in a first direction a first height over (not in contact with} the

55 substrate (not shown). A second plurality of spaced-apart “rail stacks”
5050, $052 are disposed in a second direction different from the first
direction {and preferably orthogonally) at a second height above the substrate
so that they are above bit lines 5042, 5044, 5046 and 5048 and in contact
therewith at intersection points 5054, 5066, 5058, 50860, -5062, 5064,

20 5066, 5068. Each rail stack 5050, 5052 in this embodiment includes at
least a layer of P- doped polysilicon 5070 which may be formed, for example,
by'depositing an amorphous silicon film by chemical vapor depositing {(CVD)
and which is in situ doped with P type impuritjes {e.g., Boron) to a dopant
density of about 1 x 10" to about 1 X 10'® atoms/em®. The amorphous

35 silicon films can then be converted into polycrystalline silicon through a
suEsequent anneal step. Alternatively, instead of |n situ doping, undopefi



as shown in Figure 65. Layers 4669 and 4671 arc patterned using a reverse
bit line mask, simlar to that illustrated in Figure 38 of the first
preferred 30 enbodinment, to formthe dumy bl ocks 4604, as shown in Figure
56. Since all layers 4667, 4669, 4671 above the active |layer are

sacrificial, lower quality materials may be used for these | ayers.' For
exanpl e, wloiemperature silicon oxide (LTO or PECVD ECT/FJ%H%@% de may be
used for the channel dielectric |ayer 4667. Thus, |ayer 4667 nay be
deposited at a low 35 tefrperature (i.e., below 6,00 C) to avoid
recrystallizing the anorphous WD 021015277 PCT/ US01125092 68 silicon
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di f f er entintexipyes insdatingdayarh PEBVANS soprting ong 8¢t 84 WIFRERi i ona
i npl ant ati 88 S8YoPHHEREST MBeri Rhothdidageauot diatides FAA% PRGAoROMB17 using
the bl ocks.4604 and s 4621, libwdd bin@ndexiay depesitiond604 do
not cont ;?%%d? fé’r‘ﬁ'&?gﬁ&fﬁ%'. ;é‘%alrs g%%ﬁgﬁ%{%f S| Iﬂ_cﬁgp i&lm&e) Thighen the
spacers 48l ariyiPostepmifellaed Ryne C§POTIHOR T anpifier,se \n&[ *Ta, etc., or
a transit}QRe8Phah bdleheated a number of times, as desired. In accordance with a

specific embodiment of the present invention, eight layers of memory array

{or more) are stacked one upon another to provide 8 times the bit density of

‘the non-three-dimensional verslon.

20 Turning now to Figure 67, another specific embodiment of the present
invention is ilustrated: In ‘this embodiment a 2-dimen§ional array 5076
includes an isolation layer 5078 electrically separating it from the substrate
inot shown). The isolation layer may be any conventional isolation/insulation
layer such as a silicon oxide. Over isolation layer 5078 is disposed a plurality

25 of spaced-apart bit lines 5080, 5082, 5084, 5086. Bit lines 5080, _5032.
5084, BO86 are preferably formed of N+ doped polysiticon alt}_wough P+
doped polysilicon could also be used as could any suitable electrical
conductor. A deposition step is used to fill the regions 5088, 5090, 5092
between adjacent bit lines 5080, 5082, 5084, 5086 wlth a filler material.

30 'I:ha filler material must be an slectrical insulator. Again, silicon oxide is
convenicnt although other materials could also be used, A CMP step is then
used to planarize and expose the bit fines. A layer 5094 of a semiconductor
material such as P- ‘doped polysilicon is then disposed over and in contact
with bit lines 5080, 5082, 5084, 5086. An ONO layer 5096 ls disposed

35 over the semiconductor layer 5094 and a conductive wordline 5098 is
disposed over ONO layer 5096. In accordance with a presently preferred



as Co, N, Pt or Pd is blanket deposited over the exposed regions 4617 and
the dummy bl ocks 4604. The device is annealed to performa silicidation by
25 direct netallurgical reaction, where the netal |ayer reacts with the
siliconin regions 4617 to formthe silicide regions 4623 over regions
4617, as shown in Figure 58. The unnreacted nmetal remaining on the dummy
bl ocks 4G@iess27t enoved by a selective etch, e.g., by aPEI/E8HR&%0l ution.
The active layer 4605 is then recrystallized by laser or thermal annealing
using the suicide 30 regions 4623 as a catalyst. Alternatively, if desired,
the active Iayer 4605 nay be recrystallized sinultaneously with the
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gates. 46R@Aifftdien. t hese sacrificial gates 4609 are selectively etched

wi t hout substant ially etching the spacers 4621 and the intergate

:]“”Z:Jggt Ir |ng %éq?[ 46674§%t7ﬁ3en tténhemwr@mheggg#ﬁry Retayder Figuaeral. cAa: gat e
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4629 18r e ihas neoks point array. While the wordlines and the bitlines are arranged

perpendicular (i.e., at a 90 degree angle) to each other in Figure 68, an angle

between the wordlines and bitlines may differ from 90 degrees. Furthermore,

outside the boundaries of the memory array, the wordlines and the bitlines

may change directions and éven be paraliel to each other. Furthermore, the

90 term “rail stack” or “rail” preferably refers to conductors.arranged in straight
lines. Howsver, if desired, the rails or rail stacks may haye bends, twists or
turns, if desired. -

Turning now ;co Figure G2 the memory array of Figure 67 is-
extrapolated to a monclithic three-dimensional array. The term “monolithic”
25 means that layers of each level of the array were directly deposited on the
layers of sach underlying level of the array. In contrast, two dimensional
arrays may be formed separately and then packaged together to form a non-
monolithic memory device. Fach device level 5076 is preferably identical Lo
. that shown in Figure 67 and an isolation layer (i.e., interlavér insulating layer)
30 5078 separates each level. A single cell {i.s., a TFT EEPROM) 5099 is
delineated by the dashed line in Figure 69. The cell 5099 is located in device

level *j” at the intersection of word line (n.j) and bit lines {m.,j) and {m+1,j}.

Turning now to Figure 70, another specific embodiment of the present
invention is illustrated. In this embodiment, an array of bottom gate TFTs is



| ocati ons where the dummy bl ocks 4604 were previously |located. After the
surface of the active |ayer 4605 above the channel regions 20 4619 is
exposed by renoving the dumry bl ock naterials, the "real"™ or pernanent
gate dielectric material is imediately grown and/or deposited on the
exposed regions. Preferably, this dielectric conprises a char?e st or age

regi on 4gQ7maeherted fromthe ONO triple layer or the pPUFES! 25093 f
electrlcally |solated nanocrystal s7as shown i'n Figure 60. AIternatlver,
this dielectric 25 may conprise a tunnel dielectric 4606 if the TFT ) EPROM
contains a floating gate 4609, as shown In Figure 61. The charge storage
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sources and drains.

Turning now to Figure 7t the memory array of Figure 70 is

20 extrapolated to a monolithic three-dimensional array. Each level 5114 is

preferably identical to that shown In Figure 70 and an isolation layer 51186
separates each level. :

Turning now to Figure 72, enother specific embodiment of the present:

invention is illustrated, where each bit line acts as a bit line for TFTs in two

25 devica levels. in this embodirnent a memory-array 5140 includes a lower
word line 5142 and an upper word line $144. Bitlines 5146, 5148, 5150,
5152 are disposed hetween upper wordline 5144 and !ower wordline 5142.

In a ‘manner similar to that of Figure 67 and Flgure 69, an upper
semiconductor film 5154 is disposed between bitlines 5146, 5148, 5150,

30 5152 and upper wordline 5144, Lower semiconductor film 5156 is disposed
between bitlines 5146, 5148, 5150, 5152 and lower wordiine 5142, Out
diffusion regions are formed adjacent to bitlines 5146, 5148, 5160, 5152 in

upper semiconductor film 6154 and lower semiconductor film 5156. A lower
charge storage medium film 5158 is disposed between jower wordline 5142

35 and lower semiconductor film §156. An upper charge storage medium film

5160 is disposed between upper wordline.5144 and upper semiconductor



reduces the device fabrication tinme and cost. Furthernore, if each |evel of
the array were subjected to a separate crystallization and/ or dopant
activation 15 annealing, then the |ower |evels would undergo nore annealing
steps than the upper levels. This may |ead to device non uniformty
because the grain size may be larger in the active areas of the |ower

| evel s ag@ @lpdhe source and drain regions may have a BETAUENEHW Zdopant
dlstrlbutlon In the lower levels thH&n in the upper levels. 20 Thus, in a
first preferred aspect of the ei ghth enbodi ment, anorphous silicon or
polysilicon active areas of TFTs in' a plurality of levels are

recrystal, i t l | he iB7ES it abpistianed snisoe
recrystaH'—?%‘gt rﬁ%ﬁc?gﬁeaktmeﬁ@%gﬁfg&gﬁ EIEI [ zatlonlbmay be effected by
t hermal dnegsafashéen.n a furnace or by rapid thernal annealing | RTA) in an
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substrate. Layer 5118 is a conductive wordline layer, Layer 51 20 is an O-N-
O dislectric stack. Layer 5136 is a film of semiconductor material {p-type

_when the wordlines arid bitlines are N+ polysilicon)

in Figure 81B an oxide layer 5120 is deposn:ed or grown. In Figure

20 .81C the oxide layer 5180 is masked w1th a mask 5192 li.e., a photoresist

' mask) In Figure 81D the unmasked portions of the oxide layer 5190 are
etched in a conventional manner.

In Figure 81E the mask 5192 is removed and semiconductor layer

5136 is implanted with n-type ions to form an N+ implantation region 5194

25 at each opening in the oxide layer 5130 as illustrated in Figure 81F. In Figure
81G an N+ layer 5196 is deposited to fill gaps in the oxide and form bitline
5198 of N+ material in contact with N+ implantation regions 5194 so as to
provsde a contact with the O-N-O layer 5120. In Figure 81H the N+ layer-
" 5196 is CMP planarized as shown to form the bitlines 5198, to complete an’

30 NMOS.TFT array. Of course a PMOS TFT array may be constructed by
reversing "the conductivity types of the layers and dopants. A multilayer
version of the memory array of Figures 81A — 81H can be constructed by
forming additional device lavels separated by an isclation layer. -



regions in a plurality of levels are activated at the sane tine.
Preferably, the doped regions in all of the levels are activated at the
sane tinme. The doped 10 regions conprise the TFT source and drain regions
as well as any other doped reyiun fornied in the three dinensional array,
Preferably, the doped regions are activated by subjecting the array to an
RTA trealygjusovever, if desired, the activation myPEFUSHANRI out by
t hermal annealing at about 700 to about 850 C for. 20 to 60 ninutes. The
activation may be carried 15 out before or after the crystallization
anneal. In a third preferred aspect of the eighth enbodi nent, the

recrystal lization an s s §§nﬂ?
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Figures 63 and 64 illustrate cross-sections along tines A-A and B-B In
figure 62, respeghLiLMeBYI allbcat charge storage film 5218 is disposed over bitlines

5212 and a conductive film 5220 is disposed over local charge storage film
5218. The conductive film 5220 is patterned to form a wordline. The
" charge storage film 5218 Is also patterned to form rail stacks which include
20 the wordline and the charge storage film. '

The charge storage medium film used herein lalso referred to herein as

a "local charge storage film") needs to be able to retain a localized charge,

i.e., it must not laterally conduct. In one embodiment, a charge trapping

layer may be formed in a dielectric stack 5160 as shown in Figure 77. For

25 example, the charge storage medium can be a dielectric stack 51860

comprising a first oxide layer 5162 adjacent to a polysilicon film 5184, a

nitride layer 5166 adjacent to the first oxidé layer 5162 and a second oxide

layer 5168 adjacent to the nitride layer 5166 and adjacent to a.polysilicon

~ control gate 5170. Such a dielectric stack 5160 is sometimes referred to as

30 an ONO stack (i.e., oxide-nitride-oxide) stack. Other suitabls charge trapping

' dielectric films such as silicon implanted or silicon-rich oxides can be used if
desired.

The charge storage medium film may alternatively be formed from a
- plurality of electrically isolated nanocrystals 5172 as shown in Figure 78.



desired, the crystallization windows may al so be added to the process of
the 6 first through the fourth enbodi nents. Such w ndows woul d be forned
during the formation of the sidewall spacers in those enbodi nents. Next, a
catal yst, such as Ni, Ge, Fe, My, Co, Pt, Pd, Rh, Ru, GCs, Ir, Cu, Au, a
silicide thereof, or other transition netal elenents or theirsilicides, is
deposi t eWO OMES2¢0at al yst cones in contact with the anor promesaisiszon 10
active layer 4705 only in the open % ndows 4701. The catalyst material may
be deposited as a solid layer or as a catalyst solution. Alternatively, the
.catalyst may be ion inplanted or diffused into the active |ayer 4705.
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PCT/ USO]té@\igpa%ure in a range of about 250° to about 650°C. In such a process, a
very thin dseposition, in a range of about 50A to about 250 A, will form little
islands qf silicon. If H, is included with silane during' the deposition, higher
20  pressures can be utilized and still obtain nanocrystais. In an aiternative
embodiment of the present invention, metal nanocrystals such. as aluminum
nanocrystals, can be formed by sputtering from a metal target at a
temperature near the meking tempsrature of the metal, so that the metal
agglomergtes and forms nanocrystals. Tungsten nanocrystals can be formed
25 by chemical vapor deposition at very low pressures by utilizing a reactant gas
mix comprising a tungsten source gas such.as WF, and germane (GeM,). In
still yet another embodiment of the present invention, a continuous film of
floating gate materlal can be deposited and then caused to precipitate {by
heating) to cause islands to form in the film. '

30 It is to be appreciated, that although nanoerystals are preferred for the’
floating gate, because of their self isolating quality, the tloating gate can be
formed from a continuous film such as, hut né}t firnited to,-a metal such as
tungsten or a silicon film such as polycrystalline or amorphous silicon doped
to the desired conductivity type (typically N+ silicon). If a continuous film is

385 used as a local charge storage film, the film would bs anisotropically etched



73 111. RAIL STACK TFTs The followi ng preferred enbodi nents provide an
array of TFTs with a charge storage region, such as EPROM TFTs, arranged
in arail stack configuration. The enbodi nents descri bed herein are in the
context of. a 5 non-volatile reprogrammabl e sem conductor nenory and

met hods of fabrication and utilization thereof. Those of ordinary skill in
the art WOIWR/O0IRBE i ze that the follow ng detail ed descrP@r/iusei/26692t he

enbodi ments of. the present inventfbn is illustrative only and is 'not
intended to be in any way limting. - Qher enbodi nents- of the present
invention wll readily suggest thenselves 10 to such skilled persons having

he benek idtmid i rdthaed B3Hidhs, 65L& BHEF fieldarriliy BEIRIR Ui A5 1 1O

i mpl eneng.at i on sent i nvention

accorrpan{.}' Thg dr awi ngs. The sane reference indicators will be -used

t hr oughout the draW| ngs and the followi ng detailed description to. refer to
the sane or |$iRdlagyy salligieces ofdorting wete meftealasicl asniogavily| dagded: he

routine peipéllices, m‘aytfmm aﬂﬁbﬁffﬂ{h'frg’é is3tag el PaediLRE WH Binbeddéd Tha and

descrg beﬂsul'fs{or"gdéha bn ? . be  appr eC| ated that in the devel oprrent of
any” such B¢ 5% nuner ous |nplenentat|on speci fi ¢ deci sions

rrust be madeé order to achl eve the devel oper's specific goals, such as
conpl i ance Wit iSEy e Wi uSing St oui StBusiPRdR & mafthlevgl devise isthatstheand t hat '

t hose speriousclegelsl will biel éxpogey thr diffecsre 1mnharrar&@ggmg t That @, hgre and from
e o oy b ARG Ipfor MU ExpdRUIRY o oMol orBadMY A bRe B scpic @

devel op

ment “ef f or t q%ﬁ ntg rrl:é
nevert heP¥¥s 'HePNY r XRISSd 10 1her legkitherraal Brrpeseiagi ﬁbeplser S'Dﬁ@s'é @f
or di Har yurglesirhblen t6 hisass tthbaMiOR) mbmoh? trdreisbird axhiiting sliseasdiie. The

P oo, SeRdtBitomarile GkEtehBud: iy wHBh oI Th She ey dhd 1t

t hr ee- di nensi.o nal rsg The
menor y p‘ﬁob‘f‘gé%"%mﬁl £ caliqwsiaterabs disfusiqu \lige savamps thereMOS | mermnv f eat ur e

si ze (e.wansiftots cdremmedsito ke GivaB aites CerfRINbUEFSL SH® MmeBhapRwss fid O. f25 30
m cron r r
R o R G NGRS
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dopant instead of phosphorous as antimony exhibits a smaller diffusivity than
phosphorous. It is also possible to engineer the dopant profile in the bitline
polysilicon to allow different out diffusions. This is shown in Figure 76 in
-schematic representation. After polysilicon dopant diffusion is characterized
20_ for various thermal budgets for the polysilicon depositions, one can easily
determine how far away the N+ in situ doped material should be from the P-
doped body region as a function of men'iory level within the array. Antimony
could also be used here and, could be directly implanted, if desired. In Figure
76, the bitlines denoted (a} are closer to the top level of the memory array
25 than are the bitlines denptéd (b}. In other words, bitlines {a) are located
above bitlines {b) in the array. During the thermal treatment, the dopaﬁts‘ in
the bitlines willl diffuse upwards throughout the entire bit lines and outdiffuse
into the P- polysilicon layer to form the source and drain regions. Thus, the
source and drain regions in plural levels will be evenly doped. -

30 Turning now to Figure 69, to program the first bit in the selected csll
in Figure 69, WLin,)) is pulsed high {9-13V, high impedance) while BL{m,]) is
grounded and BlL{m+ 1.j) is pulsed high {3-8V, lower impedance). All BL's to
the left of BL{m,j) on the j" level are held at ground while all BL's to the right
of BL{m+1,j) on the " level are held at the same voltage as BLim+1,)). Al

35 other WL's on the j" level are held at ground to- make sure that alf other MOS



m cron process with 8 devices stacked vertically, the effective bit cell
size projected on the substrate is only about .0081 square microns. As a
result, a 50 mR chip with 50% array efficiency in a 0.18 mcron

technol ogy and 35 with 8 | ayers of nmenory devices woul d have approxi mately
3.1 billion WD 02/ 015277 PCTI USO01/ 25092 74 nenory cells for a capacity of
appr oxi nHPMRPINVBE negabytes with two bits stored per ceCT/UsMASH3
megabytes with one bit stored per c®1|. The three- dinmensional versions of
t he MeNDry use an extension to three di mensions of the "virtual ground
array” commonly used with si ngl e crystalline silicon 5 rrermry devi ces. The
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such as fleatiag. oxi de sém conductor (MOS) transistors are formed. These
transistors can be used as for exanple, access transistors or they can be

conae arms r abepiogth it thdd the Sebdtid BB sk deciE ;. Fro §0RRSGH PR ©
t yp?‘gm @j@ri@a"ﬁ e iyrs 19ipES fﬁV@f?reé\/%quP%’f-‘-‘d to the above.

Notice that the body region of the MOS memory transistor is floating
and can be made thin {defined by the deposition tool, e.g., preferably several
hundred Angstroms). By making this region thin, snapback of the device can
be avoided and so rapid increase in programming currenis can also be

" 20 avoided.

Erasing of the memory can ‘take place in blocks and may employ a
combination of slow Fowler-Nordheim tunneling and hot hole injection. - The
erase current will be small singe the MOS body is floating resulting in very
little band-to-band tunneling and avalanche breakdown.. Erase can take place

25 with the wordlinas either grounded or held negative {~ -5V) and all bitlines
held at some positive voltage. The erase procedure will take over 100 ms
and can be done at each memory level up to the full memory at one time.

Non-selected bits with common wordline should be able to withstand
the programming voltage on the wordline for a worst case period of time.
30 Figure 74 shows this in schematic detail in one level of the matrix.

If each bit {i.e. half cell) needs time t to program and there are N cells
on each WL then, in a worst case, a programmed bit would experience {2N-
1)t of time where the programming voltage would be applied to the WL. The



I nterconnects and interlayer dielectrics 5184 used to couple transistors in
substrate 5182 together into functional circuits. The top surface 5186 of
substrate 5'i 80 will typically include an insulating | ayer or passivation
| ayer to 30 protect the underlying transistors and interconnects from
contam nation. The top surface 5180 will typically contain electrical

cont act wedgmeismarwhich nultilevel arrays of nenory deviBEBUL25%e present
i nvention can be electrically coup84ed in order to make el ectrical contact
with the transistors in silicon substrate 5182: In an enbodi nent of the
present invention, the 35 nenory devices are physically isolated and
separate r h | i t ' V, of
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bl anket depositing a first conductor |ayer 5188 uvar surface 5188 of
substrate 518Hon@eiatied bits3¥as ackitlinednaommeniwiibitee sslegied Bit shedid as, but

not 34 M bEGHidto WitAaHE thbl drbbfifnmgP asttagtdbif thbl drain. fuira avaret akssuch as
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pl anari zation is perfornmed by depositing or growing an insulating |ayer
such as 'a si.l hgaim, GritHerewes M atlsiadroan agrer bAIGS and #tifakes Sjacestdet ween

bit lines, A conventional em ¢ ' b S t
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Read disturb or "soft write" c;ccurs if the hot carriers generated during

a read of the cell are sufficient to eventually {over 10 ysars lifetime) program

a previously erased {unwritten) bit. Accelerated testing is usually carried out

20 here to make sure that the read voltages required do not shift the threshold
voltage of a heutral cell by more than a minimal amount. ' :

In the devices set forth above, N+ or P+ doped polysilicon should be
doped to a dopant density of about 1 x 10'™ to 1 x 10%' atoms/em® and have

a thickness preferably in a range of about 500A to about 10004, P- or N-
25 doped semiconductor films should be doped to a dopant density of about 1 x
10 to about 1 x 10'® atoms/cm®. '

It is to be appreciated that each of the memory devices shown can be

made of opposite polarity by simply reversing the conductivity type of each

- of the silicon regions and maintaining dopant concentration ranges. In this
30. way, not only can NMOS devices be fabricated, but also PMOS devices can
be formed if desired- Additionally, the silicon fims used to form the device

may be recrystallized single crystal silicon or polycrystalline silicon.
Additionally, the silicon film can be a silicon alloy film such as a .silicon



di rensi onal nenory array 5040 includes a first plurality of spaced-apart
conductors such.as N =l- doped polysilicon bit |ines 5042, 5044, 5046, 5048
di sposed in a first direction a first height over (not in contact* wth)
the 25 substrate (not shown). A second plurality of spaced-apart "rai
stacks" 5050, 5052 are disposed in a second direction different fromthe
first dWVODMOLIBFA (and preferably orthogonal ly) at a secpomubmizgde above the
substrate so that they are above b#t |ines 5042, 5044, 5046 and 5048 and
in contact therewith at intersection points 5054, 5056, 5058, 5060, -5062,
5064, 30 5066, 5068. Each rail stack 5050 5052 in this enbodi nent i ncl udes

at lea r on 507 may be forned, for
exanpl esé r@alng}f'ﬁ mlﬂ{ B e@%ﬁlﬂg&&hé ok "lqt'l’ﬁ'tﬂy'cEﬁé:ﬁﬁE‘&I de@é[ﬁér

deposi t ﬁ?é“’PWB;)"’“and which is in' si tu doped with P type inpurities (e.g.,
Boron) to a dQant density of about -1 x 10'$ to about 1 x 10"
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di mensi d#teral firedtiotthi s, the CMP. pl anarized oxi de |ayer over wordlincs
5050, 5052 js used. The pl anari zed isolation layer (or interlayer
insulating | ayer) prevents shorting one set of wordlines with the next set
of bit lines. Than anot her layer of bit | i nes 5042, 5044, 5046, 5048 is

t d r eposition 15 and
2O sten. 5 HERYhRAA M%ﬁéﬁﬁﬁﬁe&g@k@&ﬁgﬁ Pnes. Thi s

rogess can be eated a nunber of times, as desired. In accordance with a
P 98 P F‘\eppre\nous embod?ments, the TFTs were arranged in a virtual

ground array (VGA). In a VGA illustrated in the previous embodiments, the
programming of each EEPROM oceurs by hot.carrier injection. 1n hot carrier
injection, a voltage is placed across a diode {i.e., between a source and a
drain of a TFT EEPROM}. The hot carriers (i.e., hot. electrons and holes) that

20  are travelling from source 1o drain through the channe! of the TFT EEPROM
are injected into the charge storage region which is disposed adjacent to the
channel. This procet.iure is a relatively high power event.

For low power portable applications where both program/erase and
read power are important, a flash nonvolatile memory using Fowler-Nordheim
25 tunneling {(“FN tunneling”) for both program and erase may be used. FN
tunneling results from applying a voltage across a dielectric. Thus, in a TFT
EEPROM, a voltage is applied between a control gate and a source and/or a
drain) region of the TFT, for writing and erasing the TFT EEPROM. This is in
contrast with hot carrier injection programming, where a voltage is applied

30 between the sourcs and the drain regions.

A flash memory array which uses FN tunneling for program and erase

is advantageous because thousands of bits in such a ﬂash memeory array may -
be pragrammed at the same time.



speci fic enbodi nrent of the present invention, eight |ayers of nmenory array
(or nore) are stacked one upon another to provide 8 tinmes the bit density
of 'the non-three-di nensional version. 20 Turning now to Figure 67,

anot her specific enbodi nent of the present inventionis illustrated: In
this enbodi nent a 2-dinensional array 5076 includes an isolation |ayer
5078 el ewOroei2fy separating it fromthe substrate (noPCHEISMMLF92The

i solation |ayer may be any conventi®nal isolationlinsulation |ayer such as
a silicon oxide. Over isolation |ayer 5078 is disposed a plurality 25 of
spaced-apart bit Iines 5080 5082 5084, 5086. Bit |ines 5080, 5082, 5084,

5086 are prefgiggb Nrd‘r d&ﬁF%ﬂP%é(\?'olf 'p‘?sggrea%rjwl?g‘gihcg’ iosidoped

pol ysi | |@\fn cg 5\ as cou iy cal, conductor.
A deposi B8 8 el° u@ &h?o"‘{fl’q’lt gpRs feghrograrsote dsyiss: 50U iSpid ween
adj acent cdittastiwidb Hs@8GrriG0i8RBctib08xdherB8 By wbbht a-2%| bethemaveceadrain30 The

filler nggedr odBURS plRRirah Rbeelddecal insulator. Again, silicon oxide is
convoni cnt al though other materials could also be used. A CVP step is then

used go plan e nd I|ne er 5094 f a conduct or
materél al sucﬁf ﬁ‘ d%ﬁ%%?é 'S‘bf’d ﬂWgn EEY "85 d=g %'P gﬁg % cont act
with bi tsmrmdqme@sl KEHEs T8 EPB@%s a&ﬁ aganged y@ra piemesnaty gstved 35
over thes&HHUEiieh.CtTHe TRYESEERRINIs ansy @ecmm Yethe'\prlidt, suf-8Hed S

di spose In rdanc th,a sent | ferred WO
0210152%% N S orfatianisBarSroie” Bt 4 pridabsafs, PleiEhvs ogq.
5086 andthenBFWEERROMs agpagangedirt therrail s@ach\pqnfmeuorpm ysilicon. Wen
thermal |y processed, N + out diffusion régions 5100, 5102, 5104, 5106 are

f otOred i n- Prhel M@Al is senicempetiticoowithafie tubfdithg dihes chanmedls dhbéiBal 5110,

5112 bet kﬁ‘ﬁg@ih%ose Lloﬁg t&%qénéjthféfuﬁm'eoﬁhxéécﬂb%ﬂs\fvggfgﬂg a}i‘lga\ﬂme{l'%nm NMOS

transi stor volTages are con resence or
absence BAogram édﬂ@mw £, the ongjthat a@%gmr@nﬁm diharetare; thest ack
5096. TheNauoheliglialiastycks kérobspaint) hitash brrhw ldiffére #tornechbhaBAd/thaohduct or s
of the p ty p y C uct or
ot hey thﬁ‘% L A F*’*‘Y R s R Vﬁ%@%ﬁe& O nos it
Wi || @ggggta? yls{qglds to al ow FN tunnelng programming. hus, an extra

photthhographlc masking step is added to the process ‘of mak:ng the rail

stack array during which the polysilicon active layer is etched into islands in

egach device cell. The same photoresist mask can be used to define (i.e.,

etch) the charge storage ragions in each cell.

20 Figure 83A illustrates a flash memory array in a rail stack configuration
according to a preferred embodiment of the present invention. Figure 83B
shows a cross sectional view along line B-B in Figure 83A.

In Figure 83A, the flash remory array 5230 is preferably formed over

a planarized interlayer insulating layer 5231, such as a CMP planarized silicon

25 oxide laver. Layer 5231 is formed over a substrate {not shown) as in the

previous embodiments. Each device of the array (shown by dashed lines

5232.in Figure 83A) is thus a TFT because it is formed over an insulating
layer.

The array 5230 contains a first plurality of spaced-apart conductive bit
30 Hnes 5233 disposed at a first height above the substrate in a first direction.
- The array also contains a second plurality of spaced-apart rail-stacks 5235.
The rail stacks are disposed at a second height in a second direction different
from the first direction. Preferably, the bit lines 5233 and the rail stacks



forma doped region in sem conductor |ayer 5094 in sonme way other than by
out diffusion. Figure 68 is a top plan view of the nenory array of Figure
67. As shown in Figure 68, the wordiines 5098 are arranged over the bit
lines 5080 15 in a cross point array. Waile the wordlines and the bitlines
are arranged perpendicular (i.e., at a 90 degree angle) to each other in

Fi gure o&poamisargl e between the wordlines and bitlinesPomysdizéioer from 90
degrees. Furthernore, outside the ®oundaries of the nenory array,. the
wordlines and the bitlines nmay change directions and even be parallel to
each other. Furthernore, the 20 term"rail stack"” or "rail" preferably
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. ted by the she ne 1n Figure 69. The ce S
| ocat ed FRAGEVI4E aP‘gJET‘ “‘é‘f’%t He& g%%%'r section aof word line (n,j) and bit
lines (mj) and (mt 1,j). Turning now to Figure 70, another specific
embodi nent of Thehsep to1 islandsi 543V sprieferablyr eemgrise palysibcoendddi ment, an
?r r a%q Of_filb_ﬁtddiﬂul gatry Tppe (i.8., V@ ?iM)LSZJJwZ%rgQﬁéu%MQSQSchd;n%f&d- AA
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ayer , e i ne ar i s e i | m char ge rappin
meéi um 53%&63 @}?V@iﬂgﬁ G 5oLy é?pgl ?'chﬁlfcrlgﬁ S@ﬂ%‘fs gﬁggchar gg t rapBPngg

medi um 5120 is disposed a plurality of spaced-apart bitlines 5122,
15 The " bit lines 5233 preferably comprise polysilicon of the second

conductivity type (i.e., N+ or P+). The bit lines 5233 contact the source
and drain regions 5243. Preferaﬁlv. the source and drain regions are formed
‘by outdiffusion of dopants from the bit lines. Furthermore, an optional metal
or a metal silicide layer {not shown in.Figure 83A} may be disposed in

20 contact with the bit lines 5233 to increase the conductivity of the bit lines.
The space between said spaced-apart bit line conductors 5233 is filled with a
planarized insulating filler material 5245, such as silicon oxide.

_ The charge storage regions 5241 may comprise a dielectric isolated
floating gate, electrically isolated nanocrysta\!s or an O-N-O dielectric stack,

25 as in the previous embodiments. An exemplary array having a dielectric
isolated floating gate is llustrated in Figures 83A and B. .Thus, in the
example of Figures 83A and B, the charge storage region 5241 comprises a
polysilicon floating gate 5247 between a tunnel dielectric 5249, such as a
silicon oxide layer, and a control gate dielectric 5251 (also known as the

30 intergate or interpoly dielectric) made of-a material such as silicon oxide or an
ONO layer stack. ) S

As shown in Figures 83A and B, the lateral sides 5253 of the tunnel
dielectric 6249 and the floating gate 6247 are aligned to the lateral sides
5255 of the semiconductor islands 5237. The control gate dielectric 5251



5124, 5126, 5128. In the space 5130, 5132, 5134 between bit lines 5122,
5124, 5126, 5128 is disposed a filmof sem conductor material 5136. This
.10 may be deposited into spaces 5130, 5132, 5134 or it may be deposited or
grown over charge' trapping nmedium 5120- and then masked and etched so

that bitlines 5122, 5124, 5126, 5128 are forned after it has been forned.
Thi s ver¥Pd®F0BRT he nenory array approxi mates turni ng tkerdsaigmzof Figure
69 upside down. In this way, the bi#¥ines are trenches that would, be filled
by 15 N+ doped polysilicon. Prior to filling, n-type inplantation is
carried out to formthe MO S devices' sources' and drains. In addition, a

refracto a b S t the bott.om, of trenches i nstead of
dopant t%)&? g?%n F ﬁ%@%ﬁ'&%ﬁ%ﬁ@%ﬁ’&?ﬁ. islgpds naEggw "’I’B{IF?WF‘é*Wlmene nmenory
array ofPipngjifed ingulatingroaterel BRAF heasween the semitondictor iskaeesd 2@Asi onal
A ity otvienl T i Gl I e
72, otﬁe}{r’;ﬁ' %ﬁgci ﬁég g%%éagitﬁeaﬁf%%hﬁﬁggp eg.éaﬁ?mlzl'enQ%tcf’Bﬂ'orsgait? 1@t r at ed,
wher & edBptinNG 9pis cumlisgas Altepativelie ther couptingi maywbe PBreessdcdyl evel s.
in this iecteadingetie dlolaleingrgateali‘:éiﬁblt,SEvalQo}Sr?;jdguplg?gSo} %\Sﬁ%%y@ﬁg ,glmg 51;12 and
an upper : e . y are di spose

bet ween f&%ﬁg‘% étr@aﬁ?n%ﬂgﬁé‘ﬁ{h@e‘ﬁ%g@éﬁ%ﬁ&f‘? ﬁ'éégcﬁtz In a manner simlar
to that of Figure 67 a]nd Fi e 69, an upper sem conductor film 5154 is

di sposed bet wd&h ¥PH i Yk %%%% cappgses; 13,opolypilisam dlayay obferseeend i ne

5144. Lowadustivity dvgacti.er, Ni+ orSR86 arsl di setdest a ragtalesiivids Tdyerem . 5146,

51480 5lhhta&tlaRnoid payEr k. of dHS] | re formed
adj acent fttﬁ\?ﬁﬁﬂ?ﬁf’?ﬁ ﬁr:c%q% I' nggj\ﬂérl%@r% ﬁzggp%oéeilg ag%magoﬁgpué?%r film
5154 and S MR BraHAnsvEeERit gverlingethe eipign Staragpdgaionsdi um il m
5158 i s &R4%bosdbubetiappatitnwdr ansemtiratee cohdd! Imtanidr| e TFIMiE arduct or
film5156quifeg.upper charge storage mediumfilm 5160 is disposed between
upper wordline 5144 and upper sem conductor WO 02/015277 PCT/ US01125092

[T S15%n g BRorbfBl dsBebtof RIEPRbEGMert She T SRadks 5588 4 ' " @
15 disposed above the bit lines 5233, as shown in Figures 83A and B.
Howaever, if desired, the rail stacks 5235 may be disposed below the bit lines
5233 in each device levsl, as described with respect to Figure 70 in a
previous embodiment (i.e., bottom gate TET EEPROMs are formed).

As shown in Figure 83B, the word line 5239, the charge storage

20 regions 5241 and the semiconductor islands 6237 li.e., the rail stacks 5235)

are aligned in a plans 5256 perpendicular to the substrate and parallel fo a

source to drain direction. The rail stacks 5235 are separated by a second
planarized insulating layer 5257, such as silicon oxide.

While the flash memary array may comprise a two dimensional array,
25  preferably, the flash memory array comprises a monolithic three dimensional
array comprising a plurality of device levels. For example, three device levels
are shown in Figure 83A. The device levals ara separated hy an interlayer
insulating layer 5259, such as a silicon oxide layer. If desired, layers 5257
and- 5259 may. comprise the same silicon oxide layer which is deposited

30 above and bgtweer{ the rail stacks 5259, and then planarized by CMP.

To program the selected TFT EEPROM 5232, sither its drain bit line or -
its source bit line 5233 {or both} are grounded while the positive
programming voltage is applied to the selected word line 5239 adjacent to
the device 5232 (which is a high impedance node). All other word lines on



I mge fashion. Turning nowto Figure 73, the' nenory array of Figure 72 is
extrapolated to a nonolithic three dinensional array. Each device |evel
5140 5 may be thought of as containing two word Iines and two TFT active
regions and a plurality of bit Iines disposed between the active regions.
Alternatively, each device |level. may be thought of as a single wordline
5142 beiwgongismaposed between two TFT active regions. ' Btmesoiesmwh. devi ce

| evel contains either one wordline$l evel and two bitline levels or one
bitline level and two 10 wordline levels. Each TFT active regi on shares
both a bitline and a wordline wth another TFT active region disposed in a
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lons to forman N+ inplantation region 5194 25 at each opening in-the

oxi ogy | ayer SHPQrase ithk Usdll %Sdsérﬂe M Wihes %:zﬁ dam. bk o%nﬂ&@a’ﬁﬂ M+ | ayer
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Conduct |91 cag DELEpd gk tha vame thA o Rare & RtV CherY B ISR of e
merotd ahighy negatiyeywaiise gyhile -alg bt dlass barec orpstndedt edAﬁgmaFlUﬁM nhe
addi ti ongdiesieui wRrdiMeclsS ghaitfedt RAIE Y8 sdISdtkatddlis IbRY BRes are pulsed
positive. All other word lines float or are pulsed slightly positive while all the

" other bitlines are grounded.

-Programming and erasing using FN tunneling alone allows use of low
20  current programming and erasing, which lends itself to “massive parallslism”
in programming and erasing. Therefore, many cells 5232 can be
programmed in parallel. For example, to get.5V shift, one thousand cells
would need about 2 nA in total current and wouild program. in about 1
microsecond per cell, average. During programming and erasing, the parasitic
25  leakage currents are small because no large voltages are placed across
polysilicon diodes (l.e., source/channel/drain junctions}. During reading, the
parasitic leakage currents are also- small because source to drain voltages are
also small. A programming voltage of 10-20V may be used to program the
cells. In the above approach of Figures 83A and B, a small cell size is
30 achieved. However only positive threshold voltages (for NMOS TFT
EEPROMSs sh‘own in Figures 83A and B} are attainable, since otherwise large
amounts of parasitic bit line to bit line leakage results. In order to allow both
positive and negative threshold voltages in each cell, an access transistor
. {i.e., a TFT MOSFET} is added to each cell in a second preferred aspect of the

35 flash memory array, as shown in Figure 84. -



WO 02/ 015277 PCT/ US01/ 25092 80 Another alternative enbodi ment of a top
gate TFT array is Illustrated in Figures 82A - 821. In Figure 82A an oxi de
or isolation layer 5200 is disposed above a substrate (not shown). In
Figure 82B a | ayer of sem conductor material of a first conductivity type
5202 is disposed over 5 oxide |layer 5200. The sem conductor material may be
P- dopedVhe¥opdtis silicon. Over this in Figure 82C i spdeusei/isest a hard
nitride CMP-stop |ayer 5204 to stof®the CMP process from polishing into

| ayer 5202. In Figure 82D the nenory array under construction is masked
with mask 5206, as a photoresist mask. In Figure 82E an etch is being

carried out ¢ M u L trench 63 5208 owmn in Fiqure 82F.
In Figure 82(?1| gu%eorﬁcjﬁc{nsspa%ﬁé an%.glgirb qeSeHep @?stlgar aé%éﬂ ins epgh g Lj
pol ysi | i whrse ithreshgls yoifmcﬁm@ petyter 8552'%1 PoSive yatlie.s Byl udimgnitecavi ng N+
bi tli nesace®ds® wahdistor gapad theghenal @%ﬁ%r@ﬁérmn(lteheﬁheAf’#ﬂEEI*P%IW'

rocessi nd | n FlLgure 821.
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Iayer naf/erg; r1'68°‘|'pr?r%t°9|@f@@tl?¥ teferensh). 5160 as shown |n Figure 77. For

25 exanpl e; the charge storage nmediumcan be a dielectric stack 5160
conprising a As$rshownri ite Figyrer 88 Gtheadpabeiduttora igtaidesiB23Dredrithin 5164, a

ni U1 de AHinTOIAPANianeRs sbed ved bf e Abols BB 15561 o, Second

to a

oxi de ] acen e ni tr
pol ysi | |€%ﬁ£0@13§?‘2r 'B’Tg’(ﬂtb‘%ﬂéﬁné P?l%”ﬁ%é@%é”ﬁs‘j@lﬂmtl nes
r ef ek edregipras53938n 01\16) wioad lings 5239 cba(nmle:omtrtoﬂ igdeeif A BERRRMsO her

sui t abl earft) Ya8® SI6APHHEY of the access transistors. An insulating layer 5251
forms a common control gate dielectric of the EEPROM and a gate insulating
layer of the access transistor, The floating gate 5247 and a tunnel dielectric

: 5249 are located between the word line 5239 and the channe! region 5265

20 of the EEPROM 5232.

To program the floating gate 6247 of a cell 5232/5261, its source bit

. line 5233A is grounded, its drain bit line 5233B floats, and a high positive

voltage pulse is applied to the sslected cell’'s word line. This tunnels

electrons to the floating gate. 'All other bit lines on the same device level are

‘256 left floating or ere placed at a slight positive voltage while all other word lines

on the same level are grounded. To read, the selected cell's word line is

pulsed to a read voltage of above the access transistor’s threshold voltage

while the cell’s source bit [Ine is grounded and drain bit line is set at a low

positive voltage, such as 1 to 3 V. All other bit lines at the same level are

30 left floating or grounded while all word lines ‘at the same level are grounded.

To erase the cell, its word line is pulsed to a high negative value while its

source bit line is grounded. To erase the whole array, all word lines can be
pulsed to a high negative value while all source bit lines are grounded.

In another preferred aspect of the flash memoary array, a gate ta drain
35 offset region B267 is provided to raduce TFT band-to-band defect related



dielectric films such as silicon inplanted or silicon-rich oxides can be
used if desired. The charge storage nediumfilmnmay alternatively be
formed froma plurality of electrically Isolated nanocrystals 5172' as
shown in Figure 78. WD 02/015277 PCT/US01125092 81 Nanocrystals are snal
clusters or crystals of a conductive material which are electrically

| sol at edwbroemiseTe anot her. An advantage of the use of PEHUNMIPEWAl s for the
charge storage nediumis that becau%le they do not form a continuous film
nanocrystals are self isolating. Nanocrystals 5172 enable 5 nultiple
self-isolating charge storage areas to be forned. Nanocrystals 5172 can be
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suchigs Wre amdii@eflash endreiyamray f Figures 83A and B, each cell size per bit
is about 8F3/N to about 10F%/N, where F is a minimum feature size and N is a
number of device lgvels in the array.” In the flash memory array of Figures 84
and 85, each cell size per bit is about 9F%N to about T1F?*/N. "Thus, a cell
size per bit of about 8F*N to about 11F*N, may be achieved. This cell size
20 compares favorably with cell sizes of commercially available flash memory
arrays, which range from 7.7F* to 13.9F% |If the access transistors and
sontacts are factored in the effective cell size of the commercially available
devices, then due to redundancy, their cell size ranges from 9.8F* to 19.2F%
Mowevar, when the flash memory array of the presant embodiment is formed
25 as a three dimensional array {i.e., N >1), then the cell size per bit of the flash
memory array of the present embodiment is significantly smaller than that of
the prior art. For example, for N=2, the cell size is about 4F? to about B.6F2,

For N> 2, the cell size is even smaller.

The method of making the _flasfx.memory array of Figures 83-85 is

80 illustrated in Figure 88. .Figur.es 8BA-D illustrate a method of making ths
"~ flash memory array where the word lines are disposed above the bit lines in
each device level, A plurality of spaced-apart bit line conductors 5233 are
formed at a first height above the substrate (not shown) by atching a first
conductive layer using a first photoresist mask. The bit line conductors

35 5233A and B extend in a first direction, as shown in Figure 86A, Preferably,



still yet another enbodi nent of the present invention, a continuous film of
floating gate nmaterial can be deposited and then caused to precipitate (by
heating) to cause islands to formin the film 30 It is to be appreciated,
t hat al t hough nanocrystals are preferred for the' floating gate, because
of their self isolating quality, the floating gate can be forned froma
cont i nuoW® 0g01¥5such as, but not limted to, a netal supdmresoi2kospgsten or a
silicon filmsuch as polycrystallin® or anorphous silicon doped to the
desired conductivity type (typically N+ silicon). If a continuous filmis
35 used as a |local charge storage film the filmwould be anisotropically
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gure 86C for
clarity}, The first rail stack 5271 extends in the same or substantially the
same direction as the bit line conductors 5233 in a plane parallel to the
substrate. -Each of the first rail stacks 5271 contains a semiconductor rail
5237 and a charge storage region rail 5247/5249. The first rail stacks 5271
20 have at least one aligned lateral edge 5253/6265. In Figure 86C, the first rail
stacks 5271 have two such aligned lateral edges since sach first rail stack is

patterned using the same photoresist mask, which is removed after the
etching step. '

if floating gate type EEPROMSs are to be formed, then the c_ontrél gate -

25 insulating layer 5251 is deposited over the first rail stacks 5271 and in the
spaces 5273 between the first rall stacks, as shown in Figure 86D, Thus,
layer 5251 extends beyond the lateral edges of the first rail stacks 5271. If

an ONO or isclated nanocrystal type EEPROMs are to be formed, then the
semigonductor layer 5237 would be deposited and patterned into first rail

30 stacks 5271 after deposition. Then the ONO or the nanocrystal containing
. Jayer would be deposited over the patterned first rail stacks 5271, folfowed
~by the deposition of a conductive layer 5239 for the wordline. ' '

A second conductive layer 6239 is deposited over the contral gate
insulating layer 5251. Preferably, layer 5239 comprises polysilicon and metal



doped body region as a function of nenory level within the array. Antinony
could al so be used here and. could be directly inplanted, if* desired. In
Figure 76, the bitlines denoted (a) are closer to the -top |l evel of the
menory array 25 than are the bitlines denoted (b). In other words, bitlines
(a) are located above bitlines (b) In the array. During the thernmal

t r eat menyo galits2fopants in the bitlines will diffuse upheFES012AY8ughout t he
entire bit lines and outdiffuse in%b the P- polysilicon layer to formthe
‘source and drain regions. Thus, the source and drain regions in plural

|l evel s will be evenly doped. 3D Turning now to Figure 69, to programthe

first bit th | ected cel | Fi | h J9- 13V,
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hot carr ped the pamigansiicisfdsiap 8 ng into the charge trapping dielectric
close to the drain (defined by 5. BL
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vol t ages 5@33BL5F6t erajrplartheBlevigeimay he annasjed 388 5‘6 Srr"éﬁ"{'b"ﬁ% above.
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regions and to recrystallize the amaorphous silicon layer 5237 into a

polysilicon layer {or to increase the iayer 5237 grain size). The outdiffusion

anneal and the crystalhzat:on anneal may occur during the same or during

separate heating steps. For example, the recrystalhzatmn anneal may take
20 place right after layer 5237 is deposited.

The side surfaées of the second rail stacks 5235 are aligned in a plans
perpendicular to the substrate and parallel to a direction which extends from
the source 5243A to the drain 5243B of the TFT EEFROM 5232, as shown

. in Figure 83B. The control gate dielectric 5251 is disposed between the

25 word fine 5239 and the first insulating layer 5245. Since the control gate

dielectric is part of the first rail stacks 5235, the control gate dielectric 5251

is aligned in a plane perpendicular to the substrate and paraliel to a source 1o

drain direction to the semiconductor islands’ 5237, the tunnel dielectric 5248,

the floating gates 5247 and ‘the control gates 5239, as shown in Figure 83B.

30 The first rail stacks 5271 are converted into islands during the etching of the
second rail stacks §235.

A second insulating Ia;fer 5257 is then deposited over the second rail
stacks 5235 and planarized by CMP to be.level with the second rafl stacks,
as shown in Figure 83B. An interlayer insulating layer 5258 is then

35 deposited over the second insulating layer 5257 and the second rail stacks



and can be made thin (defined by the deposition tool, e.g., preferably
several hundred Angstrons). By nmaking this region thin, snapback of the
device can be avoided and so rapid increase in programrng currents can
al so be 20 avoided. Erasing of the nenory can -take place in blocks and
they enploy a conbination of slow Fow er-Nordhei mtunneling and hot hole
i njecti oWO0ROIRE erase current will be small since thepdfiBsaandwzi s
floating resulting in very little %and-to-band tunneling and aval anche
breakdown.. Erase can take place 25 with the wordlinas either grounded or
hel d negative (" -5V) and all bitlines held at some positive voltage. The
erase pr urﬁngi |l take _over_l(ﬁlgj s and can be done at each nmenory | evel
up to t | | ﬁﬁ'F?A'aF-s’Bﬁ@ {nshatingo lavee | eay ke iapesiied rakoienendwor di i ne
shoul d Bwtabre the epcdnst aaill stedles BRBHr mmfory the! begmd Msuntinggdgrne for a
wor st C B P ANl intdrifrer inSuISigd! Baws | Siddle G0 | detail in
one | evellanof. taﬁ’ rrgw x@lef Ieach ugdi‘tlé%err%g? %al ffﬂc}éeﬁsl'éé"ﬁelégs tl r;fg'eP to
programpanc?”tzﬁ d ‘N cells on each W. then, in a worst case, a
programed bit woul d experience (2N- 1)t of tine where the programm ng
vol t 8ge woul ¢f HesiEprph # qluiality 19é ariditionsb dagice2leyes20f tREPIgON35082 84
gate st mmlnghenawainﬁwrébwn e HI58e id fm moafréénmmna@sénéi'ﬂ not
shift it : " _amount,. Since progranmm ng S .achi eve
si ng haporsinfib, deaP hbPind, ot 1ol Thieo 3RPEvelp o€ RBP AL A aiieh P3A°
r espect iGRefAeviashienpLis nrefejably agparasedi by iandistertayde insudatinglager.out of char ge
traps. In 5- addition, the total stress on any one bit may be effectively
reduced by 1n aatalternatiselnesthed dfi inakingsthdufiadhy nidiory’ AFSRMHeG0Pd t he
sel 9t eGine GR! dacH Bevik 'lév%agqﬁl Yorh{i& ?gllo@\f;ttl%i oy fi#ﬁ%@g ak %poltj.nd_ Wl
experi enc%&a true_l? ﬁrﬁ,?r mm n%1 Vol tage across the ey et |%(s).
Non- sel OFRIN L 1Tt REBRUMS raiben fhasotamodetsi TR CEERSEVis @redomnedlshoul d 10
be abl e It dhei aiteshatined nhathpd otherstaal vail bRERs BRIDISdprising @he Zyater st case
period Ghedi Epadl 0 .S . Sschegyti bl [ ross ,
section a?on cla'{it \eﬁezﬁalﬁghﬁﬂfﬁgga'{e%f |%f 5%%?@5%}4%%4gel %‘%‘?oﬁh ny one
bitline ng!pcg} QLIS aﬂqﬁga'{ @re formed first, as shown in Figure 86E. Then,
15 the first insulating layer 5245 is formed on the semiconductor islands of the
second rail stacks 5235, The first insulating layer 5245 may also be formed -
between the second rail stacks if desired. Alternatively, another insulating .
layer'is formed between the second rall stacks and planarized by CMP prior

to the formation of the first insulating layer 5245,

20 Trenches are then formed in the first insulating layer 5245, Source
- and drain regions 5243 are formed in the semicoriductor islands 5237 by ion
implanting {or diffusing) dopant jons through the trenches. The photoresist
layer {not shown) used during the etching of the trenches may be removed
before or after the ion implantation. A second conductive layer {such as a
25 layer comprising polysilicon and silicide sublayers) is formed in the trenches
and over the first ‘insulating layer, as shown in Figure 86F. The second
conductive layer is then planarized by CMP to form the bit line conductors
5233 overlying the semiconductor istands 5237. Alternatively, the source
and drain regions 5243 may be formed by outdiffusion from the bit line

30 conductors 5233 rather than by ion implantation.

Similar methods may be used to'f_ofm the flash memory array having
TFT EEPROMs with an access transistor, as shown in Figure 84 or having
TFT EEPROMSs with a drain offset region, as shown in Figure 85. In these
methods, the stack -of layers which includes a tunnel diclectric layer 5248



program any one bit, then the worst case drain stress on a programed bit
15 wll .be (M1t in tine. So,the Vt shift in a programred 'bit after
experiencing such a stress should be mininmal. Read disturb or "soft wite"
occurs if the hot carriers. generated during a read of the cell are
sufficient to eventually (over 10 years lifetine) program a previously
erased (WoweMtR®h) bit. Accelerated testing is usually per/wsadsmat 20 here
to make sure that the read voltages?required do not shift the threshold

vol tage of a neutral cell by nore than a minimal amount. In the devices set
forth above,* N + or P + doped polysilicon should be doped to a dopant
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crystal silicon or polycrystalline silicon. Additionally, the silicon film
can beasill on alloy filmsu silicon 02/ 015277 PCTI US01/ 25092
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desired Tlm)rftr&htettdungnmem dnsltides fdesinged fisti plootassst hmslkasér'fﬁl

2823‘%{ :av/aevnar/?e ;af fipeH Nt G Sﬁf@regiacne%saeﬁmnht Ird rﬁeg%reasééyerm fitst
e B h Ao G Sy IR K ity lpeticnlaven bAAecong heflaptia
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ol act Qg at PR N et ot *’fﬁf%“éﬁ?‘%a“ig?e’? heiiER fodhd |
di sposedwyﬂtﬁ l{eﬁgﬁﬁ'ﬂth? 355‘:51’7%‘\(‘ &t rOVRSr 3&%’(5&9@# law
pol V& | i 8247 107 l‘@lﬂ&hd\ﬂ&b@tﬂbjl&%@&*@@ andrﬂhial fleatiniec gateplager § 2idiTgbut
tenper atyyieend MPst semiconductor layer 5237 are then stched using the second .
photoresist mask as shown in Figure 86H.

The second etching method includes forming a first photoresist mask

5279 having a first width over the stack and etching the tunnel dielectric

20 layer 5249 and the floating gate layer 5247 using the first photoresist mask .

5279 to expose a portion of the first semiconductor layer 5237, as shown in

Figure 861. Then a secand photoresist mask 5281, having a second width

larger than the first width, is formed over the floating gate layer 5247 and

over an exposed portion of the first semiconductor layer 5237 it is possible

25 _that there may be some misalignment between layer 5281 and layers

5249/6248). The first semiconductor layer 5237 is then etched using the
second photoresist mask 5281, as shown in Figure 88.. -

To form the TFT EEPROMs with an access transistor 5261 of Figure
84., a control gate dielectric layer 5251 is formed over the patterned floating
30 gates 5247 and over the exposed portions of the semiconductor rails 5237
of the first rail stacks 5271. The control gate dislectric, layer 526 1 functions -
as a gate dielectric of the access trans&stor 5261 over the exposed portlone
of the semiconductor rails 5237, :



titaniumfornms a suicide with the poiysilicon that is highly conductive in
a lateral direction. V. FLASH MEMORY ARRAY I N A RAIL STACK CONFI GURATI ON
15 I n the previous enbodi nents, the TFTs were. arranged in a virtual

ground array (VGA). In a VA illustrated in the previous enbodi nents, the
progranmm ng of each EEPROM occurs by hot.carrier injection. In hot carrier

I nj ecti oWOW/048YT age i s placed across a diode (i.e., bepowmesniasmweurce and a
drain of a TFT EEPROV). The hot car®ers (i.e., hot electrons and hol es)
that 20 are travelling fromsource to drain through the channel of the TFT
EEPROM are injected |nto the charge storage region which. is disposed

adj acent to the ocedure.is a ative ower event.
For | ow power or'[q‘gb e a Ilcat(ﬁg?ﬁé“’ @rgraﬂbf’iﬁ{s %6@@%%@&3’@ nMgYr& ead
power arev Fﬁﬁ)FPaﬁPl oatg Ida%iwtﬁéri@wfaﬁilﬁé lmnjteyneéla‘tgthﬁosdree thioeddeei m 25
Eunne]l | pe(fiddtirigigaed iayer )54 ahatthe RUABSIOMRBE IE AP srmws b asi;%sbe FN

unnel i opl yi acr os el.ec
TFT EE’I;@&\?%%H 5] 'é'é,’?“?'s%* Pl YRRt F@? Shicounster ol ce
and/ & a2%fai M SeeRyibin att'wéaYWTSZﬁarrsvtham|fngnem@veralserngntrhbgaﬁ-T EEPROM
Th: s i s dielectrin6284t and the lRposay nmeronl of & s@ﬂudahaqemngszmer f | ash
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because "taH% oA RaChfOthEL.s LiapersD@RIds relgtive! hy rmvmwarmwkneb@ thatogr amed
at thef ?aﬂhets;ai‘ﬂe ad0op Y1eter tHaEié WhikkhaSd 3¢ th&ﬁ:kﬂré&st&'ﬂ buﬂéaﬁirisng is a
ver n r e
cur ¥1e0$1t 5%553 t'o'gggr 8%3%1 t%%{h%ggg}g'gaé"ze?ﬁf ?R@S ' ax&?ﬁ? rthgttoﬂn Qﬁfﬂﬂﬂt carrier
i nj ecti eeﬁmya%mmns 208 o# werd Bogi 3% isiithen dormedtovasethet o
program stelaendenswetm@ e B 28 NtATRHELRS 6ﬂ‘§eﬁ'%ﬂﬁ1s@2167 of the present
invention, charge storage devices, such as TFT EEPROMs, are arranged in a

[ psh memory e ab{on\?d?é'{ilbguhﬁﬁﬂ %96{ ﬁ‘l?gconE%| onzl t%?raﬁ]e pr B ovs

illar, self V'OUS
gnbodl maEHF’ rrq&r eggﬁggment provnées many-times -programmable cells in a -

16 crosspoint {i.e., rail stack) array. FN tunneling is used for program and erase.
. This allows many cslls to be written in parallel and provides high density, low
power file storage. In addition, the cell sizes per layer compare very
favorably with cell slzes of commercially available flash memories.

20 V. CMOS ARRAY FOR LOGIC AND MEMORY CIRCUITS

In the previous embodiments, arrays of NMQOS or PMOS devices were
described. However, in another preferred embodiment of the present
invention, an array of CMOS (complementary metal oxide semiconductor)
transistors is provided.” Preferably, adjacent NMQS and PMOS transistors

25 have a common gate. However, the adjacent NMOS and PMOS transistors
may have separate Qates if desired. The array of CMOS devices may
comprise an array of vertical pillar CMOS devices, an array of self aligned
CMOS TFTs or an array of rail stack TFTs, as described in any previous
embodiment. The CMOS devices are preferably formed as a three

30 dimensional monolithic array above the substrate. However, the CMOS
devices may also he formed in a two dimensional érray in or above a
semicondu_ctor substraté, if desired. '

The NMOS and PMOQS transistors of the CMOS aryéy may be formed
adjacent to each other in the same device level in an alternating fashion {i.e.,



the TFT EEPROVs are arranged in the rail stack configuration. 10 The VG is
not conpatible with FN tunneling since the whole channel polysilicon
inverts along the length of the pul sed-high word line and will then
programcells in addition to the one that needs programm ng. Therefore, the
FN tunneling rail stack (crosspoint) flash array differs fromthe VGA in

t hat i n wohe/oE¥72 unneling array the active polysilicon PEl/gs01y280%at t er ned
into 15 polysilicon islands to all o® FN tunneling progranm ng. Thus, an
extra photolithographic nasking step is added to the process of naking.the
rail stack array during which the polysilicon active layer is etched into

I sl ands jn -dewvi el | nme phot or esi, st._mask, can dto
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[n Figure 87, the array of CMOS devices 5300 is preferably formed
over a planarized interlayer insulating layer 5301, such as a CMP planarized
silicon oxide layer. Layer 5301 is formed over a substrate {not shown) as in

20 the previous embodiments. Each CMOS device is thus @ CMOS TFT because
it is formed over an insulating layer. Howsver, the CMOS devices may bhe
formed in a monocrystalline silicon substrate, if desired. '

The array includes a plurality of gate lines (i.e., word lines) 5303 (only
one gate line is shown in the cross sectional view of Figure 87). Preferably ‘
25 the gate line comprises a first N+ polysilicon layer 53056, a silicide layer |
5307, such as a TiSi, or WSi, layer, over the first polysilicon layer and 2
second P+ polysilicon layer 5308 above the silicide layer. The gate line
5303 ucvts as a gate electrode in each TFT. Thus, no separate gate
electrodes connected to the gate lines are required.

30 A first insulating layer 5311 is disposed adjacent to a first side of the
gate electrode 5303, This insulating layer 5311 may be a conventional gate
dielectric. Preferably, the insulating layer 5311 is a charge storage layer (i.e.,
charge trapping media), such as an ONQO stack or isolated nanocrystals, to
form charge storage CMQOS TFTS, such as EEPROM CMOS T_FTs. I floating



stack 5235 al so includes a conductive word |ine 5239 and a charge storage
regi on 5241 di sposed between a second surface of the sem conductor islands
5237 and the word line 5239. The sem conductor islands 5237 preferably
conprise polysilicon of a 10 first conductivity type (i.e., P- or N).
However, the islands may conprise anorphous silicon if desired.

Thepol yswo eos2rsl ands 5237 include source and drain rBgTARI/SM3 of a
second conductivity type (i.e., N+ 8% P+). The source and drain' 'regions
5243 are | ocated at contacting intersections between the bit line
conductors 5233 and the rail stacks 5235. 15 The ' bit |ines 5233

b P gateTRH, EEPRCA EMAS TERS Ad UeH, del A R, e B .- &) T
Pr ef er ab¢<3ntrq| raste olieleetrich hayr be edeled i hatwear ahedpaating dgysuedi ?farsq on of

dopant s {Hegatbpeld308) nes. Furthernore, an optional netal or a netal
silicide layer (not shown in. Figure 83A) may be di sposed in 20 contact
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as in the prewouse odi ne ary array having a dielectric
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15 first insulating layer 6311). Preferably, the electrodes 5317 comprise N+
polysilicon rails which extend in a direction perpendicular to the gate line
5303. [f desired, an optional metal or metal silicide layer is formed in contact .
with electrodes 5317 to increase their conductivity. However, the electrodes
5317 may comprise metal or metal silicide instead of the heavily doped
20 polysilicon, if desired. A planar insulating filler layer §318, such as silicon
oxide, is disposed between the source and drain electrodes 5317,

Thus, each NMQS TFT 5319 is located between adjacent source and
drain regions 5315 and comprises a porticn of layers 5305, 5311, 5313 and
5317, as illustrated in Figure 87. The PMOS TFTS 5321 are located above

25 -the NMOS TFTs 5319.

The PMOS TFTs 5321 include a second insulating layer 5323 adjacent
10 a second side of the gate electrode 5303. In Figure 87, layer 5323 is
located on the P+ bo[ysilicon layer 6309 of the gate line 5303. Ths
insulating layer 5323 may be a conventional gate dielectric. Preferably, the
30 insulating layer 5323 Is a charge storage layer (i.é., charge trapping media),
such as an ONO stack or isolated nanocrystals, to form charge storage
CMOS TFTS, such as EEPROM CMOS TFTs. If floating gate type EEPROM
CMOS TFTs are desired, then a floating gate and a control gate dielectric

may be added between the insulating layer 5323 and the gate line 5303.



ext ends between the sem conductor islands 5237 and contacts the planarized
I nsulating material 5245 between the sem conductor islands 5237. |If
desired; the floating gate 5247 nmay be made from hem spherical grain

pol ysilicon which has a textured surface to maxim ze the control gate to 5
floating gate coupling. Alternatively, the coupling may be increased by

| ncr easi @@ dhlofxr¥d 0ating gate height, by formng horns oPCHP8I28%20ons in the
floatlng gate, or by roughening the%floating gate surface. The word |ine
5239 conprises a polysilicon |layer of a second conductivity type (i.e., Nt
or P+) and a nmetal or a netal silicide Iayer in. 10 contact with the

polysilicon |ayer. The word, line 523 t t TFT
EEPROM i n | och “OWQW'EOWUWEHVF533? esgﬁ ea%gthOF)Bi gﬂirf%éﬁ Ié\&er R,e
Thus, f odisBédeanalpbvetiee peratdeingolating llaysita33%r %éaelh 53g% ipd & r°éhuu red.

gpsgggeg{hgggésoeﬁeaﬁggca f Get Bg%seﬁ'@ﬁﬂ'ﬂﬁﬁrﬁatetél&ﬁ@dé 5SSOk HOBIGE € 15

Ho
i f-desirenf drale regions & gres ‘§3° ‘%’398»5 55k gb%ﬁ:’tﬁ% %%?r%n& lla?‘rﬁres vvg\zlgg

in eagh Uszsqﬁathmml theasomsoamdodthlwrﬁmoﬂ% cogprisg e8! 19978 pr evi ous
enmbodi mepf o $ m&@‘Eﬁd ﬁn@?&@@esaﬁ&'z!)wm&ﬂ#pom evmivthei N- Fi gure
83B, the vvorcP i ne 329 har sto &_ﬁgéog}.?d W4k feglonde

senm condoelysiicps| Layas

235) are aél g“ed in a
pl ane 52§@2per peus|i ché aelectroddsﬁe Mtafat d'sﬂﬁae‘ﬁ)a?'él 198 'side LT IBRrte to

drain di gﬁ%g@ﬂn g 5825 o%be&'e&té%%sedcmdsmammdaw 5328 dholangr anar i zed

i nsul ati

S | con OXI | arra
may &@mpmss@tm meﬂi%g&f@ ﬁ?t? F(edfe &r abﬁ?f‘s%ﬁdf b@foggér"f?ﬁﬁ%r y Y
array Coefennc%eana dm‘rmleletdnmdesh5339d| lfed§$itﬁdalan m’ugyabma grr{agﬁa

plurali t§ af ﬁgg} GCig 3 i YonSdAi®, elddteeedcEBLe tentrgasartbeis hown in
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source bl 5 329,86 | Ae2eatdd M Bdlre HF H FRAEEPHEM EMOS deéd (5319 and
_5321] is formed at each intersection of the first and the third spaced-apart
electrodes or conductors 5317, 5329 and the common gate line 5303, |If
desired, the CMOS structure may be inverted and the PMOS TFTs formed
o0 below NMOS TFTs. It should be noted that NMOS and PMOS electrodes
{i.e., bit lines) do not have 1o fall directly on top of each other, although they
preferably should have the same pitch. NMOS, and PMOS transistors thus
can have different channei lengths, but the pitch {and thus afray size} will be
limited by the fonger of the two channel lengths. In one preferred aspect,
95 TFTs of one conductivity type {i.e.,, NMOS or PMOS TFTs) contain a charge
storage layer or region, while TFTs of the othet conductivity type (i.e., PMOS
or NMOS) do not have a charge storage region or layer. Thus, the CMOS of
this aspect comprises one EEPROM TET and one non-EEPROM TFT.

The TFT CMOS device array 5300 illustrated in Figure 87 is highly

30 planar and compact. The NMOS source and drain electrodes 5317 comprise
polysilicon rails which extend above the interlayer insulating layer 5301 in a

first plane parallel to the substrate surface. The p-type polysilicon layer 5313
extends above the source and drain electrodes 5317 in a second plane. The

gate line 5303 exiends above layers 5317, 5313 and 5311 in a third plane.

35 The n-type polysilicon layer 5326 extends above the gate line 5303 in a
fourth plane. The PMOS source and drain electrodes 5328 comprise



programm ng voltage is applied to the selected word |ine 5239 adjacent to
the device 5232 (which is a high inpedance node). Al other word |ines on
WO 02/ 015277 PCTI US01/ 25092 89 the sanme device | evel are grounded while
all other bit lines on the same | evel device can float or are placed at a
slight positive voltage. This neans that only the selected cell' 5232
exper i enWES0AME7Hr ogr anmi ng vol t age across it.  Thr oughpeaaeidshise
coupling, the floating gate 5247 isl%ulled high while the 5 source and/or
drain 5243 are grounded. Electrons tunnel to the floating gate 5247 from
t he source and/or drain 5243 and an inversion channel |Is formed in the

il h Ll
¢hr eshol g %‘F%g?%ﬁﬁ yiich SHirl bnas M HiRPs seiledhdictom lavel Bagkima i s
several pid iney ) Epghephithe ifive plenes doss motninteisect iangsof288 ather be

grounded pladesa . negative voltage pulse is applied to the selected word
line 5239. All other word |ines can either 'be grounded or can float. All

other bit |incrd TP CHIOS! frap SRy 1hish sdit AlandEIHNd TatS! di8Gfsqe’

| ur al [ 1), af . EEPROM cal | &PEos,

i By pitEhofe o inaieelpadeven Ba i Vmépf%%aiﬁ%?wmgm@mui whi le
al| bit fiheesecond trsulatigdiayst G&28anind dhy n-te semicopidedtORdsl B35S
grounded gdthpisd 89an SBAKCWRIERCE) cegﬁ'si:fn f;\%%ﬁpglraﬁel% %\%\?\ﬁaq%grsa{&%; o A

other word.lines float or are, u.s posTtiv ot her
bitlines rgpestapgtﬁ*}ga_s Fﬂ%ﬁ?'ﬂ#’r‘gﬁ' Af tanidree Peeh 2nd idrginFelectredes i 5313l one

al | ons us@329. |TBws, Tbe aate electmuegs303; the frsd insulating laydri 831 1 efdspd t sel f
to " MRSSitpeEhd hStat 19y r ' ' T fore, many cells
5232 can :ga robﬁg&u&g} 'Ian‘}dil g@ei . For,ngggﬁ'%ﬁgﬁé ?%’egre%ésﬂdsmef?f one

t housand é’gFls m'&@d@ﬂ%@?eggé)’%@ are el #lignsd dn agilane herpandicwlan @ Breogr am

i n about swhstrate epdammeilgldo thel squrae ¢o alysin direictiog, ps agijAaTdEScHABEH BY asi ng,

t he par aahg}scd&‘énlﬁg\?ge currents are small because no |arge voltages are
pl aced across polysilicon diodes (i.e., sourcelchannelldrain junctions}.

Cur £ o2, e 1T GRS Bl E R i R s S0v
may g& us@@epgiogpbgrrgm qapaprising a plurality of device levels vertically separated
by one or more interfayer insulating layers. Each device level the array
contains TFT CMOS devices 5300, as in the previous embodiments. A
peripheral or driver circult (not shown) is arranged in the substrate, preferabiy
below the array and at least in partial vertical alignment with the array,' or
20 alternatively, within or above the array and at least in partial vertical
alignment with the array.

. Figures 88A-D illustrate a method of making the rail stack TFT CMOS
array 5300 according to a preferred embodiment of the present invention.
First, an N+ polysilicon layer is deposited and patterned to form the source

25 and drain electrodes ar conductors 5317. An insulating layer 5318, such as
a silicon dioxide layer, is then deposited over and between the conductors
5317. Layer 5318 is then planarized by CMP to form a planarized block
5331, as shown in Figure 88A. The top surfaces of the conductors 5317 are
exposed in the top surface of the block.

30 A stack of layers is then deposited on the block 5332. These layers
include the p-type polysilicon {or amorphous silicon) layer 5313, the first
insulating or local charge storage film 5311, the gate layer 5303, the second
insulating or charge storage film 5323 and the n-type polysilicon {or
amorphous silicpn) layer 5325, A photoresist mask (not shown) is then



cells. In the above approach of Figures 83A and B, a small cell size is 30
achi eved. However, only positive threshold voltages (for NMOS TFT EEPROVs
shown In Figures 83A and 5) are attainable, since otherwi se |arge anounts
of parasitic bit line to bit line | eakage results. In order to allow both
positive and negative threshold voltages in each cell, an access transistor
(i.e., WOPHFOKRHBFET) is added to each cell in a second preUsnrs®2aspect of
the 35 flash nenory array, as shoWdlin Figure 84. WD 02/015277

PCT/ US01/ 25092 90 Figure 84 illustrates a built-in access transistor 5261
I n each cell whose threshold voltage can be set to a slight positive

val ue. BYomSad'gvérthis S6RS anki1AB SkSICET YA isdhteepidd 80 16/h a BIlARSY St o
CRPRE e bl e S A LR
al gori t hetaritylat The enask maycbe remaszed aFier talicthedaysrs Hadve besrepatibsRdsi St or
can al sogiREUAIP of iRe 48RS tin PaF Sthck 5339 8taF’( h?&ddﬁweihé W el o that
ey et el i e Y 0 oor e
Pol y-Si e substrateT flass i theosidEERROMECEIl slknEBB3Fated plararioat The r&t e |

| EEE Tr a6tackE! 8333 R Wiapdtalt abte B bidclesdas, ThEail shiols eldirr posated

h i n by,..tef As sh Jn.F 84, t
Cont =i n TSt APSEom for tlos Asmitien 86 the Sissmates B3 oo derumbivs theor 5261
and t he raEprok $332, and dpe citcteddss 531 Reextend én qenpendisoiar cirebfidad and

dr ai 10 15 wifh RS aréd3Bs shBR R Elglid'gep5239 formcontrol gates of the
EEPROVa and gate el ectrodes of ?he access transistors. An insulating | ayer

5251 fornms a,go t dielectric t he | =EPROM and ate
i nsul ati ng I‘ég‘er At I?\?%reg’géf'r'aﬁg?gt%sr 2 ﬁi'Lc% P9 Jayely s e ang o
tunnel dAepesitad evesthg wilestagkab3d3hsuckcthat fit filerip theepared GBRE t he
channel bepves: WS vail 3thcks HIT3FRPBRMEAZigls 88C0T BaYdrS381 Gakhay gate

5247 of : ) 1, it G | t | ne 523 | ropynde its drain
bit |i nea@gbée(?@é@?ﬁ‘andhaaﬂﬁgg&dﬁs Hﬁs\'feln%ﬁ'}o&@}j%%"? °§p%‘ﬁ%d to the
sel etf ed 5381, ‘andyparaliel trenches §388rarel efched in fayer 5331 using the mask.

The trenches extend parallel to the electrodes 5317 and perpendicuiar to the

rail stacks 6333, as shown in Figure 88C.

If desired, optional sidewall spacers {not shown) are formed on the
sidewalls of the rail stack 5333 before the deposition of layer 5331.
20 Preferably, the spacers are made from an insulating material that is different
from the material of layer 5331. The spacers are preferably made of silicon
nitride. The spacers protect the sidewalls of the stack 5333 during the
etching of the trenches. The spacers keep the trench etch from extending
too far past the top of the gate lines in the area between gate lines, to

25 protect against gate to source/drain shorts.

Using layer 5331 and/or the photoresist as a mask, p-type ions (i.e.,
boron or BF,) are implanted into the exposed n-type semiconductor layer
5325 through the trenches B5339. The lons form P+ source and drain
regions 5327 iIn layer 5325, as shown in Figure 88D,

30 A p-type polysilicon layer is then deposited over layer 5331 and in the
trenches 5339, The polysilicon layer is planarized by CMP or etched back to
form a plurality of spaced apart P+ electrodes 5329 embedded in the
planarized insulating layer 5331. The electrodes 5329 are located above the
rail stacks 5333 and contact the P+ source and drain regions 5327. Since



electrons to the floating gate. Al other bit |ines on the same device

| evel are 25 left floating or are placed at a slight positive voltage while
all other word lines on the same |evel are grounded. To read, the sel ected
cell's word line is pulsed to a read voltage of above the access
transistor's threshold voltage while the cell's source bit line is
groundedWOMOERE n bit line is set at a low positive vedtasapesoach as 1 to
3 V. All other bit lines at the sart¥2|evel are 30 left floating or grounded
while all word |ines'at the sanme | evel are grounded. To erase the cell,
its word line is pulsed to a high negative value while its source bit line
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F2/ N.  Tinssjatingc lylers and device levels may be formed over the second leval of
the array if desired, to form at least three device layers. In another
alternative aspect of this embodiment, a second rail stack containing a gate
line is formed directly on top of the PMOS electrodes 5329 without an
20 intervening interlayer insulating layer. Thus, the PMOS electrodes 5329
would contain source and drain regions In two rail stacks. In other words,
plural device levels may be formed without intervening interlayer insulating
layers to form a three dimensional monolithic array. This arrangement offers
more transistors with fewer processing steps, but with less programming
25  flexibility. '

As shown In Figure 89, the resulting TFT CMOS array is a matrix of

NMOS 5319 and PMOS 5321 devices with common gates 6303. The array
shown in Figure 82 is an unprogrammed or unconfigured array. The array

can then be configured into logic elements or memory devices by rupturing

30 the gate dielectric (i.e., the charge storage film or region} to form a
conductive link which connects the gate lines {i.e., word jine rows) 5303 and
source and drain electrodes 5317, 5329 (i.e., bit linés), or by storing charge

in the charge storage regions of either NMOS or PMOS transistors to raise
their threshold voltages and keep them permanently off. The array of TFT

35 CMOS EEPROM devices 5300 may be used to form either logic elements or 2



size per bit of about WN to about 11 F21N, rmay be achi [ [
20 conpares favorably wth cell sizes of comm%/ci ally a\?;?ldéb;rgl fsl ;glhl >
menory arrays, which range from7.7F2 to 13.9 F2. If the access
transistors and contacts are factored in the effective cell size of the
commercially avail able devices, then due to redundancy, their cell size
ranges f\&%@ﬁ%# to 19.2F2 However, when the flash MeraER/USeasgy of the
present riient is formed 25 as w3three dinmensional array {i.e., N> 1)
then the cell size per bit of the flash nenory array of the préséht ’
enbodi ment is significantly smaller than that of the prior art. For
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voltage sufficient to form the conductive fink may be 5-80 volts, depending
on the device characteristics. The voltages are provided to the devices by
the driver or peripheral circuit. However, if desired, charge storage and

20 antifuse semiconductor devices having a different structure may be provided.

It should be noted that any charge storage devices which function as
an antifuse when a conductive link has been formed through its charge
storage region are within the scope of the present invention. Thus, any
device is within the scope of the present invention if the device contains a

o5 semiconductor active region, a charge storage region adjacent to the
semiconductor active region, a first electrode and second electrodes, and
where charge is stored in the charge storage region when a first programming
voltage is applied between the first and the second electrodes, and a
conductive link is formed through the charge storage region to form a

30 conductive path between the first and the second electrodes. Therefore, a
charge storage device which is capable of being used as an antifuse Is not
limited to rail stack TFT EEPROMs. Such charge storage devices may include
the pillar or self aligned TFT EEPROMs and diodes with charge storage
regions of the previous embodiments, as well as EPROMs and EEPROMs

35 formed in a single crystal semiconductor substrates.



mask, the stack of |ayers 5237, 5249 and 5247 is etched to form [

E132 of first rail stacks 5271 (only one such rail stack is shown ?np:::Jgrgﬁlrlaty
Cfor clarity}. The first rail stack 5271 extends in the same or

substantially the sane direction as the bit |ine conductors 5233 in a
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f’ﬁted' F{disi QlupghaRasitivesh gateanendwont)dinet 5346 andybit lines S347whichpit i nt o
be used to carry the output voltage, Vou. This causes conductive antifuse
links 5348 to form to electrically connect lines 5345 and 5347. Then, the
driver circuit provides a programming voltage to all other transistors 5350 to
increase their threshold voltage to turn them off, except for PMOS transistors
20 5361 and 5365 and NMOS transistors 5363 and 5366. The transistors
5381, 5363, 5365 and 5387 form the NAND gate. Input voltages Vi, and
V,, are provided into gate lines 5360 and 5371. CMOS 56361/6363 is
connected to gate line 5369, while transistors 5365 and 5367 are connecied
to gate line 5371. Voltages Vg and V,, are provided into bit lines 5373 and
o5 5375, NMOS 6367 is connected to bit line 53756, while PMOS 5361 and
5365 are connected to bit line 5373. Output voltages can be read out from
linee 5345 or 5347, which are connected by a blown antifuse 5348.

Figure 92 illustrates how a Bx6 cell array of the circuit of Figure 89

can be programmed into a static random access memory (SRAM) 5380.

30 First, a high voltage is applied between gate (i.e., word) lines 5381 and 5383
and bit lines 5385, 5386, 5387 and 5388. This causes conductive antifuse

links 5348 to form to electrically connect lines 5381 with lines 5385 and
5386, and to electrically connect lincs 5383 with lines 5387 and 5388.
Then, the driver circuit provides a programming voltage. 10 all other

35 transistors B350 to increase their threshold voltage to turn them off, except
for transistors 5389, 5390, 5391, 5392, 5393 and 5394. The transistors



10 sem conductor islands 5237 of a first conductivity type (i.e., P- or N)
fromthe first plurality of spaced-apart conductors. The source and drain
regions nmay be formed at any time during the- fabrication sequence after
the sem conductor |ayer 5237 is deposited on the bit |ine conductors
5233A, _ 5233B. For exanple, the device may be anneal ed after the formation
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5237 into a polysilioon |ayer (or to increase the |ayer 5237 grain size).
The outdiffusion anneal and the crystallization anneal may occur during
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is then 35ﬁ¥ggegi (X=To aﬁ‘)’a?’. t hRrfiReeRde,i Negicatndg ramery Sd&/icemdmele bBeacond
rail. stac 021015277 PCTI 2 4 déviees iih e@nefalsthel e
i nsul ati ng?noamm@“ﬂé %ﬁ%le:@%ifgég@g&%% F‘E@t%\%g;on \?h? s‘e?ﬁgq’éﬁrﬁbér st acks
5235 to f ogige fehedogiodloek is &+ T'Wérthe%ﬁrﬁ?vdwlhﬁée P8, |y o,

I nsul afd ngod Achs J0the 18R §ai2y! Sinodyttie deil trearherplcanche peamajll ayEFS,
where F is the minimum feature size {half-pitch), then for F=0.25 microns.,
the minimum area per logic gate is 4(F{x+ 1)), or 2.26 microns squared for 2
2-input NAND or NOR gate. Preferably, the area per logic gate is 4(Fix+1))
to 5F{x+1))2 This size includes an “isolation” Tow and column on each

20 edge of the block, that is shared with the next block.

V. METAL INDUCED CRYSTALLIZATION

A preferred embodiment of the present invention is directed to a
non-volatile thin film transistor {TFT) memory or logic device constructed
25 above a substrate and including a source, drain and channel region made of
dapositeci or grown amorphous silicon or polysilicon that has been crystallized
by means of a transition metal-induced lateral crystallizatdon {MILC) process.
A two- or, more preferably, a three-dimensional many-times programmable
(MTP) non-volatile memory or logic is constructed of such thin film transistor
30 memory devices.

In accordance with the first aspect of the present smbodiment, it is
desirable to improve the performance characteristics of TFT-based non-
volatile memory or logic cells having a channe! formed in a deposited thin
layer of silicon, such as amorphous silicon (a-Si) or polysilicon. This can be



If desired, a plurality of additional device levels of the array may be

nonolithically forned above | ayer 5259 to forma three di nensional

nonolithic array having at |east three device levels, as shown in Figure

83A. Each device level is preferably separated by an-interlayer insulating

| ayer. In an alternative nethod of nmaking the flash rne*rmr_}/[parraéh t he word
d

10 line g,(r)b gﬁf&,pevi ce level may be formed bel ow t he bi PCT/URH/2E uctors
(i.e., X Fom gate TFT EEPROVs ratteér than top gate TFT EEPROVs are

formed). In the alternative nethod, the second rail stacks 5235 conprising
the gate |I|ines 5239, the charge storage regions 5251/524715249 and the

sem conductor islands 5237 are fornmed fLrst, iIReAVEar Befingkgaeeltio. Then,
15 the fiaccomplishedtf the |Qé§'@rs‘€%8§r$§ 4%? rir‘%(?ogy;mt he sem conductor i sl ands
of the saeembid Aidnotiysthlting28BonThe first insulating |ayer 5245 may al so

be forned between the second rail stacks if desired. Alternative

anot her i nsul a@\ﬁg Aty fydisliatiore df heSivban betr aseemplished In ?t%‘t‘ﬂi‘bgﬁnd
pl anari zed by ?l or ¥

t A ' fi t m (Heatpartjall
e e T oirb St U0 Bt vt mapietparioiyor
Sour ces apgystaliien tedomnpobgorgstaline; gligRly Wit Fﬂeani'em coeg’guct or 1slands 5237
by ion i gﬁh?ﬁ“‘ait iR’ 680PELSITIS apppaach iomott MRANGROIANS bpeasfi 2P The
a

Dot O e evisee o fae 1 ry hed ghafactessticseadties nma
be removedevises Ofpémg iy Tﬁ%e\'iligg]agg lf)g%tr-g?ffoﬁhﬁ ¢heafa y

A i
| ayer. (suyhéy gakena2belbtiyaly l@@ﬂrﬁﬁi%ﬁ"ﬁg’q&&"? o 5?595!?%%% ang ) éichrlggaggsgbgleayer s)
i s forned clgg Fﬁg%ﬂhgﬁm% the de@ AT trahsition rrsetal jaisEATERENIM %;éy,st%gos hown

in Figure

) € -sec con ' waer is then planarized by CWP to
form tiRe pngduge ﬁéer@bﬁWﬁg%]&%m%%%éégég%lﬁg t he semi conduct or

I sl ands
5237. Alternatively, the source apd drain | e 1hie rhann&d by
out di f fusi on f Adnfortusatsly, m%&ffaé‘égg'a'ﬁé‘??&d ‘E“g%%ia dw

ors rat her tﬁaﬁﬁ'% iﬂ,n
| mpl ant at ::#R Si fFoh! remtitelgs pwor bpedowgancs charsctelstcs 4\ ry array
paving. I i i tﬂ‘-céﬂ) 4G4 SxBipit Athrdspbid sisps haluesi on Ehewrdersaf o
havi ng TFTCBRR % fhea drall n o éi@}ﬁ rﬁ%fﬂﬂ aﬁ'hér}ﬂ%ljiﬁbﬁeﬂura@er&li. In
these et hoOs of mVidescand ap IAsgfep e Mides a 11 “nQel dig2o8Cts i ©
| ayer %490%:9%&%2@&@/ SEfiad 09 ap® temperature of 2 out
about 700°C to achieve lateral crystallization growth rates of severa.l or more
pmfhr.  Te further enlarge the silicon crystal sites to hundreds of microns, a
relatively short duration high temperature anneal step, ©.9- 900°C fon: 30
minutes, is added to simultaneously crystallize multiple layers of a-Si lor
20 another semiconductor material}. Note that a crystallization temperat'ur:a
range of about 750°C to about 975°C will also provide satisfactory resuits_: if
the time of the anneal is adjusted accordingly. This short duration I.ugh
temperature anneal will not saturate the diffusion regions of tf':e devices
contemplated herein and can be applied once to a multi-leve! device, as can

25 the low temperature anneal step.

Aﬁ example of a process for recrystallizing a deposited a-Si I:elyer in
accordance with a specific embodiment of the present inver.n'ion is no\fv
described and illustrated in Figs. 93-96. Those of ordinary skill in the art will
now realize that many routine modifications to the process illust.rated here

30 are possible and do not affect the inventive concepts set forth harein.

Turning now to Figs. 93-95, a process flow diagrfilm- of a fabri.catifm
process for a crystallized deposited (or grown) a-Si layer is |Ilust|:efted in Fig.
93. Figs. 94A - 94H illustrate vertical cross sections of a -slhcon wafer
prepared in accordance with the process of Fig. 93. Fig. 95 illustrates jthe



and a floating gate | ayer 5247 are deposited over the first sem conductor

| ayer 5237, as shown in Figure 86C. The stack of layers is then patterned
to cormfirst rail stacks 5271 which include sem conductor rails 5237
having a first width and charge storage region rails 5247/ 5249 having a
second 5 width smaller than the first wdth, such that the first rail

st acks hgxfprierr al i gned |ateral edge and drain por t i onBCHUSIRS092

sem conductor rails 5237 are expos#d. Such a structure nay be achi eved by
two different etching nethods. The first etching nethod includes formng a
first photoresist mask 5275 10 having a first width over the stack, as

shown in Figure 86G The first sem condugtorl. lay 3 t SHHARA
di el ect r i effeaty eof SWldﬁﬁu??fg H%ﬁ%? i ﬁa’sqég?geﬂqnqy@rm'g&;hg%deaﬁt en!.etgc hed
Usi ng t hewihddirs EH2briasa-Si depokited zver huriedhoxifeaver 2 iprdag SN econd

photoresi s sk 5277, having a second w dth snmaller than the first w dth,
Is then f d over the floating gate |ayer 15 6247. The tunnel dielectric

| ayer 5249 and_f he, f] oati tioedépdsit) a thick
seni conduct or F‘éﬁg'ﬂ's‘sﬁt‘?? %ﬁ@ﬁgﬂéyﬁ% 254tzoérivét1tmhg’%w; (bmjér}lp%(;\t QSR St mask
as shoBn iowidei dayee B4MO THia. RbhdedcH }n§9h8dsﬁ%ﬁ‘§?udes ormng a
first. photgresi®! 587 bk prdAde & duried oxide fayer.wi the n@vbrstgm@%l"a& 8nd
etching the tunnel .dielec r'g il Q I h 1 L4698l (d.ge {hoeh) eyegbueetdayer
5247 usi n§epPRAEtE TR %r[phpgsiséfn nn@é/% . 5279 to_expose ti t he
first sem%mwmoﬁil:@eﬁ'hlsm b*a@cg%msfr%%ﬁ ge'e %61"'%}@1’ '%’%%@%nd

phot or esi g oHRSA Rt debByites APENDINet SBARC usingrYH, astthe alieor BPYICy dt h,
I's formed over the flgaling. gate | ayer.ned bf b ¥Rl Altemwtivend lggert i on of
the filfst %éﬁleﬁ’nmﬁt%r ¢;§§;er 237 (1T 15 ossié(?l g%gg ég@ 1 ReEodRY be
some m sal54rBrenay bompsise 3 ppbisilicon a%er ITE%}E sEeD 5t 4&}. ?Eg %‘?r st

seni conductQfifbRY fw xR Tpdraturd oxids (1T legemG420de.asc30AA AR RSN & ask
5281, as sho Figure 8 . , i ttharRitice oestal

transi st orStS\é\%{;? t?i%@yreé"%m&gria%%tr_gr%#_dﬁtg-gt??gﬁeggﬁf o b Slirmatdd 3 S
formed ovegeddivgg padows ftl4. Jhesegeedno gy EQW&%" b 033%3 gﬁw eéxpbsed
pOr L1 s Ofrlif G ERTaS AbGNGH  FigRioles [RSK 5622 ban fiowshe rempved-acks 5271, The
contrg{gsg e dielectric, layer 5251 functions as a gate dielectric of the

access transistor 5261 ovek Jdue ¥PAspEsiPQr frbdition metal layer 5428 (e.0.,
1004 Ni (nickef)) over LTO layer 5420. Other transition metals may be used
although Ni is presently preferred. Other transition metals which may also be
used, but which are less desirable than Ni are: Fe (iron), Co {cobait), Ru

20 ({ruthenium), Rh (rhodium}, Pd {palladium}, Os {osmium), Ir {iridium), P.t
{platinum}, Cu (copper} and Au (gold). Germanium may also be used. if
desired. The transition metal may also be introduced into the seeding
window by implantation and other mechanisms well known to those of
ordinary skill in the art.

25 The next step 5430 is to anneal for initial lateral crystallization. This
step, Illustrated in Fig. 94F, may be carried out in a range of temperature and
times. For example, & 20 hour anneal at 5680°C in N, ambient will onk.
Lower temperatures require longer anneal times., higher temperatures requ.lre
shorter anneal times. Those of ordinary skill in the art will now recognize

30 that this can be optimized for throughput considerations. This step perfon:ns
a crystallization which may be adequate for certain devices an‘d- provide
silicon grain sizes of several to tens of ym. Other devices requiring ev?'n
more performance and silicon grain sizes in the hundreds of um may require
the high temperature anneal step discussed below.



of the sem conductor rails 5237. WD 02/015277 PCT/USOL/ 25092 96 To form
the TFT EEPROMs wth a drain offset region 5267 of Figure 85, the control
gate dielectric layer 5251 is patterned at the sane tine as the floating
gate | ayer 5247 and the tunnel dielectric |ayer 5249, to expose the drain
portion and part of the channel silicon of the sem conductor rails 5 5237.
A secondWO171 ng | ayer 5269 is then forned over the PoTUsalseat e
dielectric 5251 and the exposed por®on of the semnm conductor rail-s 5237, as
wel | as between the sem conductor rails 5237 to isolate the sem conductor
rails fromeach other. Layer 5269 is relatively thick, having a thickness

t hat |sthes[q,rge f he 108 ch st or age
regi ons ?425% n§§t %%erf E?qgéf S ﬂag;gp&éngérﬁé@?% J&#ﬁ né%g(j% Y&he top
portion fEﬁéP@\é ’gﬂé"‘?de r?é Yy Thenhsdepf or ned
over the 545’3345tmtha bEQllayerrid 2Qyestrippéd wich HR, m t he of f set regi ons 5267. The
nonvol atile, multiprogrammable flash nenory array of the preferred

enbodi ment  pr ¢y T uté tuRd BoneHlSt 6486!(kS).] Bodec] Q) Nt
(i.e. g rgjl a%lﬁlﬁrﬁg(} g E ﬁlt}nﬁl N ? P‘-'gﬂ'lff(or%f %ggg § ﬁﬁ@gs’e Thi s
aI | owe ey epired)) fo W lﬂ"ﬁhpﬂﬁfﬂ‘fty, | ow
pover fi |&Yystellizag&-Si 'w ﬁum eV largercgrain s:hsorzesrspds, (2yr00 pomrasizeler y
f avor abl yrms fsheﬁlgidessﬂhée& FallbRESE I)ck Xi. 6V @ fa H»%*wrjgg?{ 20 V.
CMOS AR #%&5‘3 E Y. Crll ﬂ X the?ééghgrglﬁ odi frrgé)
arrays a&ce (S’U?g‘é % siavar todggwqrgngaal vseen am ingiatag,
preferr ecpM@&)d.anlmmlow t iNotgr twadntrangition nirietel-crystallizedy sethicadbotor
(conmipe MeR&REX) agheéd il ﬁmm&ﬁaﬁ%ﬁaete&{a@m%%& &6 vi B4h&REn
Pr ef er abl% :ﬁg&ace N%ﬁgﬂ tran tors have a conmon 3 e.
However , PRENZY;USEL,for g9 wasa a§{°<5‘rs “nﬁ?"’ﬂ%’vée@&?&‘rd& Wrgates if
desi red, pm@e%amsaytrgrf:e empBInte \dfctransition roetals [typically dfe, d\i) ofillvesdapeal
,pillar GNPSHRMURLSET 158 saH@ah&IcL§ﬁer ﬁht&m% 0 ay of
rail stacs%a%ﬁlés gmgnacrr ‘ﬂ I n ag¥a$r IF‘ ﬂuu Uéuéﬂyp% ﬁ% devi ces
are prefetal 15 rabeq, Hams Gﬁﬁm icteh 'E“é‘l’ e Weove the
substlPat eTFT| é@ml would igvifigrmed. Normally these transition metals are present
at a level of less than about 10" atoms/ce. In transition metal crystallization,
, however additional trace amounts of transition metals In excess of about
10" atoms/cc and up to about 10" atoms/cc will remain in the crystallized
semiconductor material after processing. This is generally not a
20  contamination problem, however, where it is desired to create a gradient of
such contaminants, a gettering material, e.g., P (phosphorous), may be
placed in the source and/or drain regions of the TFT to reduce the
concentration of such contaminants in the chgnnei region by increasing the
concentration of such contaminants in the respective source and/or drain
25_ regions. Formation of devices in the region of the seeding windows 5424
should be avoided due to excessive transition metal contamination.

The above described metal induced crystallization method may be used
to recrystallize the active semiconductor layer of any of the above described
devices. Thus, pillar TFTs, self-aligned TFTs, rail stack TFTs and diodes (i.e.,

30 an active semiconductor layer which contains one or more p-n junctions) of
various configurations may be formed in the recrystallized a-Si or polysilicon.



devices may al so be fornmed in a two dinensional array in or above a

sem conductor substrate, if desired. The NMOS and PMOS transistors of the
CMOS array nmay be fornmed adjacent to each other in the sanme device |eve
in an alternating fashion (i.e., WD 021015277 PCT/USO1L125092 97 . as
alternating NMOS and PMOS transistors). However, in a preferred enbodi nent
of the pVOMRM@S2fhvention, the one charge carrier type tPersesme (i.e
NMOS or PMOS) are formed above the ¥?her charge carrier type transistors
(i.e., PMOS or NMOSI with a common gate |ine (also known as a 5 word |ine

I n menory devices) between them Thus, the array preferably conprises a

pl ural it wipf \mgfaggmlgi@cked common gate CMOS transistors. Figure 87
evice

il lustrates one evel of a' vertically *stacked, commobn gate CMOS
array in a rai . n, acc ing to a rred enbodi nent of
the present |n{‘/écﬁ1%q'%h°8$% g ed?ﬁﬁrﬁﬁg etﬁé“%iafﬁﬁ‘ 8 lavenwasso. be
arranged formgd da |qordasigyvith g Fﬂlc@n lsyé, sauchoast & quoryatiliamrs wbed diriebed bit
previ ouslliﬂe Tre ﬂ&mn@ﬁrrﬁﬁthdﬂ & ﬁ#ﬁﬁ'lt $d t}tﬁm&h’f@théﬁ&etl&hérhﬁ cAnkavt Wit h;’St rated
in ur istors o re arge carrier type are
f or rre oaﬁmz‘? %gér%gﬁ% @Pé ¢ Jard! Icaﬁémdlih ﬂ\'@%ﬁ titapiun piticide
transi st JRErde dormed gryak anepm BmOerpVBs silicors pepda\ser Hoheeep layér ishoul d be
under st oddrriéd tdak ﬁm.ﬂ?l\da%e‘drﬁn@mﬂa%ﬁ §h Q@aaﬁéigemed tbg 'tedh% ?

t evic 5300 i s

t t f h
pﬁgPZ'er%;Ef“‘ '%%F%b@’ga 19 cé’ﬁ'ggﬁ’%@'ﬂ”r? ﬁ‘?@%F%rﬁg?’ ulcé"t‘lvnﬁ“q*hy"ﬁr @%01, such
as a CVP G akud0eem™ sﬂhﬁ:@?péwetnes Ipaqferabltalpposwémmmﬂﬂ polveﬁicowefr a

subsﬂﬂat N ROlansdiPhblis agilibdh Qderfshel]:I{H ngouﬁ R%O%t I Hgevi ce
is thus s fornmed over |ns in ayer wever,
t he vaqgg\%é@:ﬁffp&g@{?%oo ﬁ'&cqrhdlg%ﬁ"bllﬁeﬁé’?% 'Eglﬁtﬁlg?v substrate, if
desired. The éﬂ_@cludes a plurality of gate I|nes (i.e., word lines)
5303 (only o | P efof@'@n@vvﬁtﬁmumhElllélﬁiésEflﬁlebﬂa\lﬂiacompaaesmhﬁl gure

87). Preffellaiving sﬂbst e hgavity doped poIRIliceR Sayerfis Wepodtted. PELY akhinpfd) | ayer

5305, a g F'-I-ng@sili@lﬁgr!a\?é'o'g 'hotbfilcpRddod Bhhceliraln of 53Y 6o om*: and Lhe first

ol i ¢Qn I
P y%% as a ¥hlckness of about 1400 Angstroms. A cap layer of undoped

amorphous sificon is deposited on the P+ polysilicon layer. The- -cap may be
800 Angstroms thick, for example. A titanium layer is deposited on the cap.
The titanium layer may be 250 Angstroms thick, for example. A titanium
nitride layer is deposited on the titanium layer. The titanium nitride layer may

20 be 100 Angstroms thick, for example. Other laver thicknesses may be used,
as required.

The layers are annealed at a temperaiure below 650 °C for less than
five minutes to react the titanium and the silicon in the cap to form a C49
phase TiSi, layef. The anneal may be carried out at 600 °C for 1 minute, for

25 . example. f desired, another P+ polysilicon layer is deposited over the stack
and the stack is etched Into a thln "wire” ar “rail”, such as a word line or bit
line. The wire or rail may be 0.26 mm wide or less. The titanium silicide is
then transformed from the C49 to the C54 phase by a high temperature (i.e.,
above 650 °C) anneal. The anneal can take place before or after the wires or

30  rails are patterned, at 800°C for one minute, for example. By annealing each
Si/Ti/TiN film stack below 850°C, dopant diffusion and thermal grooving of

the TiSi, is minimized. Multiple film stacks can be deposited and etched
sequentially.



second P+ polysilicon -layer 5309 above the suicide |ayer. The gate line
5303 eels as a gate electrode in each TFT. Thus, no separate gate
el ectrodes connected to the gate lines are required. 30 A first insulating
| ayer 5311 is disposed adjacent to a first side of the gate el ectrode
5303. This insulating layer 531 1 nay be a conventional gate dielectric.
Pr ef er abW,0200K77 nsul ating | ayer 5311 is a charge stor apeT/Aispesosti . e.
charge trapping nedia), such as an ®NO stack or isolated nanocrystals, to
form charge storage CMOS TFTS, such as EEPROM CMOS TFTs. If floating WO
02/ 015277 PCT1LTSO01/25+092 98 gate type EEPROM CMOS TFTs are desired, then
a floating gat i i i i b n the
The #refoirtd Hesetiptich gofldlﬂ?é ‘?ﬁ\gﬂgfbr{g\?\és ﬁs%gd%gﬁgﬁg

i nsul ati ng | ayer 1T and the, gate line] X I t or
| ayer 531@{”%%&%1°§@“§t’?905a'@§ﬁ%eeﬂ°m-a@'e&S,nqténtes'daﬂstad%%axl@wsawgi @fe of the
first indelmitnthd wentioppts the precisédogatdisA39ed, ardirfolmiatiohdHna NS t he

NMOS TFT ki +Hy SEdith Ach+dL A LR, IR | SRO Jdn layer
5313. The;mg?tg iﬁ%ﬁeo'i La!g?%' §%ﬁ?g%eaﬁ’%rggéfgﬁ@&gsﬁﬁﬁn%fgé%ﬂﬂ TFT
channd  rEYRJHactes of shamyenticRe LhePrawings and fescriplipoemaalpsandn or med
by 10 owrder tasixptainfthe-prinmiplds pdnthe ihvemtidrn angoits peastichl dipplibagdect r odes

(1€, bithe |drifingsHHré. nbefidissalifote Soate 1end BHubFateC tHEaftfy&Tih, O NET
met hod, such g.s Bl\é gﬂ%kl ng apd, ron’i I%tghl on. e el ectro @g 6317
contact tIWESTENG, BECEN "a\a'intr'ég‘f‘mge& ting 36wpedpEghedaventiomdenot t om
of the p-defined yethecdaitng appehdedherdsd, and thelr, equivdléstssi de of | ayer 5313
opposite to the 15 first insulating |ayer 5311). Preferably, the el ectrodes
5317 conmprise N+ polysilicon rails which extend in a direction
perpendicular to the gate line '5303. If desired, an optional netal or
nmetal silicide layer is fornmed in contact - with el ectrodes 5317 to

i ncrease their conductivity. However, the el ectrodes 5317 may conpri se
nmetal or netal silicide instead of the heavily' doped 20 polysilicon, if
desired. A planar insulating filler |ayer 5318, 'such as silicon oxide, is
di sposed between the source and drain el ectrodes 5317. Thus, each NMOS TFT
5319 Is | ocated between adj acent source and



drain regions 5315 and conprises a portion of l|layers 5305, 5311, 5313 and
5317, as illustrated in Figure 87. The PMOS TFTS 5321 are | ocated above 25
the NMOS TFTs 5319. The PMOS TFTs 5321 include a second insulating |ayer
5323 adjacent to a second side of the gate el ectrode 5303. In Figure 87,

| ayer 5323 is located on the P+ polysilicon |layer 5309 of the gate |ine
5303. Th¥®O®RAEATIati ng | ayer 5323 may be a conventional pe/esdi2sdogctric.
Preferably, the 30 insulating |ayerll5323 is a charge storage |ayer (i.e.,
charge trapping nedia), such as an' ONO stack or isol ated nanocrystals, to
form charge storage OCMOS TFTS, such as EEPROM CMOS pl1g gate
type EEPROM MO8alfris are desired, then a floati ng”]ﬁlm""mm\"mwmol gate
dielectric nay be added between the insulating |ayef 53823 amd tshesgat e

line 5303. WM 02X GdexAdry B6Vice/Sompiefiy? 999 An n-type sem conductor |ayer

5325, such as an N polysilicon layer, is disposed above the second

insul ating | ayer 5848st inputlougascarsludifosadd above e copp fisstt plase dé of

| ayer. 5323 fromthe gate el ectrode 5303. P+ source and drain regions 5327
are di sp@<ttPs@i®iayer 5325 such that regions of |ayer 5 5325 between the

sourcg and drain r?geggﬁ%%ﬁ%m{kgﬁdﬁ&nnel .regions of PMOS TFTs.
e are di ‘

Source and drain electro sposed over the N- polysilicon |ayer

5325 and in contach sEmtiBohdRteP Hgsh ﬁﬁéti&ﬁéﬂvéaﬂéﬁa&.irséﬁ%?ﬂoﬁ the
el ectrodes 5329 are disposed on top side- of the N- polysilicon layer 5325

opposi t e condtitrer sedosaid sesondinpud/ousercdrdiRdtor/arpimeasection ofithédiat i ng filler
| ayer 5331, such as silicon oxide, is disposed between the source and
drai n el PERIPSHRISI5329. if desired, an optional netal or metal silicide

| ayer is formed in cz_g}tact wi.th elﬁctagid s 5329 to increase their

conductivity. Thus® %P E’W%Eﬂe_ | ocat ed between adj acent source

and 446 drain regi ' | : 5323,
5325 gnd 5329, as | rﬁgﬂa{g@dgfdgg@;gE?@%ﬁfﬁgwqgﬁ%ﬁ%ﬁ@?ce (5319
and 532amdunticdremebratthat @bwisihativieRatsaid fieft ihper/dutpeit candudtdr ahlii 1 d

spaced-apart electrodes or conductors 5317, 5329 and the conmobn gate line
5303, | f second input/output conductor.,

2. The memory device of claim 1 wherein said charge storage medium
16  is formed between the intersection of said first input/output conductor and

said second input/output conductor,

3. The memory device of claim 2 wherein said charge storage medium
is Tormed directly on said semiconductm.' region.
20
4. 'The memory device of claim 1 wherein said charge storage medium

is formed adjacent to said semiconductor region.

5. The memory of claim 4 further comprising a control gate formed

25 adjacent to said charge storage medium.



desired, the CMOS structure may be inverted and the PMOS TFTs forned 20

bel ow NMOS TFTs. It should be noted that NMOS “and PMOS el ectrodes (.

bit lines) do not have to fal I”uul"fmm"m of each other, although they
preferably should have the sa ,ﬂ"Ld PMOS transi stors thus can
have different channel |engths, but t'he "pi fch*(and thus array size) will be
limted Mo edoes2d7onger of the two channel |engths. | n onECHUSIEISAEd aspect,
25 TFTs of one conductivity type (i1®., NMOS or PMOS TFTs) contain a charge
storage | ayer or region, while TFTs of the other conductivity type (i.e.,
PMOS or NMOS) do not have a'charge storage region ar |layer. Thus, the CMOS

oo s 275 TN SERATEHeTSF it Rl 7, e 177

CMOS device ar'ra ed'I'n Figure pl anar and
conpact . JhRiciVEcaRYesRnaNG étfahrbne;taﬁémdﬁﬁr %azlcmar@é o$8aidnol ysi licon
rails which extend above the interlayer insulating layer 5301 in a first
pl ane parsllsttateo t he substrate surface. The p-type polysilicon |ayer 5313
ext ends above the source and drain el ectrodes 5317 In a second plane.. The
gate line 5303 extends above Iayers 5317, 5313 and 5311 in a third plane.

36 Th ntyp silicon | r ext en atellne5303|na
fourt P pl ane éf)ﬁﬁwﬁs"?&ﬁ#’ qﬁrﬁ'"eﬁagifs%'&ﬂe"?déﬁ i se WO

02/ 0152778 00 ponS|I|con rails which extend above the
n-type semrgy’g&g ﬁé&%@;g?%?)% in afifth plane. Each of the five planes
does not intersect any of the other planes-. The TFT CMOS array 5300 is
al so self aligned. The gate electrode 6 5303, the first insulating | ayer
5311, the p- t&peﬁsmﬁmmydrda\ﬂmcowesmssls the second insul ating. | ayer

532,9 and th d 325 | st whi ch
s Tocated in & pl SREVERPRITRHAS conBletsdprmed SBHE oF Pore At AR cnds

perpeﬂﬁl o I% s{rg .he source and drain electrodes 5317, 5329. Thus, the
gate electrode the first insulating |ayer 5311, the p 10 type
seni conduct or Iayera%aaandmmmﬁpmobd,mwmmeuaawwmfmd the n- type
sem conductor | ayer 5325 are self aligned in a plane perpendicular to the
subst r at e irput/cpapat tehduatot hed bevingen projetrtad intgrsesticnonithasidifitst be

described, in
input/output conductor;

_)L-

a silicon body located between said first input/output conductor
15 and said second input/output conductor and in direct alignment with said
intersection of said first and second input/output conductors;
a charge storage mediumt and
wherein read current flows through said silicon body between
said first input/output and said second input/output in a direction -
20 perpendicular to the plane of said substrate and wherein charge stored in said
charge storage medium affects the amount of read current that flows
between said first input/cutput conductor and said second input/output
conductor for a given voltage applied between said first input/output
conductor and said second input/output conductor.
25
9. The memory device of claim 8 wherein said‘charge storage medium
is formed on said silicon body and in direct alignment with said intersection

of said first and said second input/output conductors.



more detail below The TFT CMOS array 5300 is preferably arranged in a
monolithic three 15 dinensional array conpri-sing a plurality of device

| evel s vertically separated ’w"lﬂ’ﬂ"j""rﬂm gpt erl ayer insulating |ayers.
Each device level the array A l devi ces 5300, as in the
previ ous enbodi nents. A peripheral “or"driver circuit (not shown) is

ar r angedWVOP2lHR7S ubstrat e, pref erabl bel ow t he array PomuUsi/2s@ast in
partial vertical alignment with thelldrray, or 20 alternatively, within or
above the array and at least in partial vertical alignment with-the array.
Figures 88A-D illustrate a nethod of nmaking the rail stack TFT CMOS array

5300 according to a preferred enbodi nent of the present invention. First,
an N + polysilicon layer is deposited and patterned to formthe source 25

and drain el ¢Ct rpoe snemoOdslies 6f 8laiA e whiheih Raid aﬁérga sltaﬁéﬁétrﬁé&iﬁm such as

a silicon dioxide |ayer, is then deposi-ted over and Dbetwee e conductors
5317. Layeforspebatigcentete paidsilicondibdyy CMP to form a pl anari zed bl ock
5331, as shown in Figure 88A. The top surfaces of the conductors 5317 are
exposed in the top surface of the block. 30 A stack of layers is then

deposgt ed onqkh . | s..lnclude.the p-type polysilicon
(or aﬁorphoug‘t‘lé?T?%%?&Serwgggaayﬁ?ﬁq% " COMIRTY Fng’"EEyrd?ﬁa | " charge
storage ffofriie®ddfaceht'®o SaldecHaAYS6trag8 mddigmsecond insul ating or charge
storage film 5323 and the n-type polysilicon (or anorphous silicon) |ayer
5325. A photoresist mask (not shown) is then WO 021015277 PCT/ USO01/ 25092
101 farmed over this stack-, and the stack of layers is patterned to forma
plurality ofl2r AMmemgekdevigesommiisingsne rail stack 5333 is shown in Figure

888 for clarity)' . Jdhe.ma nay. be renoved after all the | ayers have been
patterned. Since g|ffr3§fnqu§)éurc%t¥teq@4u,qtqraﬁeolrn7§g v P5 o3 dirstplere dd duri ng
the 38ne aSiifdtradel Ne layers in the rail stack 5333 are self aligned in a
pl ane perpendicular to the substrate (i.e., the sides of the rail stack

5333 are planar). #hmcondiihputidRplc coIRRLaF forfiedPalsid #aoN@tt he bl ock 5332.
The rail stacks extend in a different direction fromthe direction of the
el ect r odd¥puiutpubeenductory, the

a third inputfoutput conductor formed above the second

input/output conductor;

15 a first semiconductor region located bet.ween an intersection of
projections of said first input/output conductor and said second input/output
conductor;

a second semiconductor region located between an intersection
of projections of said second input/output conductor and said third

20  input/output conducter; and

a first charge storage medium that affects the amount of current

that flows between said first input/output conductor and second input/output

conductor.

13. A memory cell comprising:
a diode having a first region and a second region;

a charge storage region;



rail stack 5333 and the el ectrodes 5317 extend in perpendicul ar directions
10 within the array, as shown in Figure 888, An insulating |ayer 5331, such
as a silicon oxide layer, |Is then deposited over the rail stack 5333, such
that it fills in the spaces 5335 between the rail stacks 5333, as shown in
Figure 88C. Layer 5331 is then planarized by CMP. A phatoresist mask (not
shown) i WOfOHRY on | ayer 15 5331, and parallel trenchercEBSfArame etched in
| ayer 5331 using the mask. The treidéhes extend parallel to the el ectrodes
5317 and perpendicular to the rail stacks 5333, as shown in Figure 88C. If
desired, optional sidewall spacers (not shown) are forned on the sidewalls

f th il or ef bly,
Che spacers ar o TnAEorstin Rfor] ARpABRE Sdiadtls 1 g KEbrat il rom 1 he

mat eri al of | ayes fie3dontabetctHacrst ragionPaed er ably nmade of silicon

nitride. The spacers protect the sidewalls of the stack 5333 during the

etching of the t?éfedrdcomastispacers keep the trench etch from extendi ng
nes i,n the area between gate lines, to

too far past the top.of th ate |j .
25 pr ot egt agai n‘é’i‘eg%\?é‘ rf@%%ﬂ%‘b?%’@ﬁ“?h%‘?’?%‘? the; firgs angl e9com@31 and/ or the

phot ogesi - i j : or BE2) ar.e inplanted into
t he e?pos%gtﬁé?%ggggéé%%orﬁr%ﬂg?gwéy'gpﬁhggﬁg%%'dﬁﬁﬂ%%%r?ﬁ'gﬂ@ﬁ' s 5339. The
'one for rehBrges storége féflodlr ai N regions 5327 In |ayer 5325, as shown in
Figure 58D. 30 A p-type polysilicon layer is then deposited over |ayer 5331
and in the trenches 5339. The polysilicon |ayer is pianarized by CVP or

et ched back LI% .I.orma gl ur?ul(:;_'ft of :spaced apart P-i- el ectrodes 5329
embedded i n tfre ThE MEPOryeell ofselpim i1gincluging & secondrinsulation regiys 5329 are

| ocat ed : I | n ntact the P i- source gnd drain
regi ons g@gé egrhgiéaeé%tﬂg% 5?(@‘33%?6%8%’%5@3@;?99IS%"’Frf&"PasHaFbﬂé@s 5329

and sourqﬁsﬁmugﬁi@hqebmﬁ_ons 5327 are fornmed during the sane |ithography
step, there is no msalignment between the el ectrodes 5329 and source and

drain regions 5327. Alternatively, the source and drain regions 5327 may

be formed by outdiffusion fromthe el ectrodes 5329 rat her
15. The memory cell of claim 13 wherein the insulation regions are

) oxide regions.

15 16. The memory cell of claim 13 wherein the storage region includes a

nitragen compound.

17. The memory cell of claim 16 wherein the compound includes

oxygen,
20

18. The memory cell of claim 16 whe_rein the compound includes

silicon.

18. The memory cell of claim 16 wherein the storage region comprises

25 alumina.

20. The memory cell of claim 13 wherein the diode comprises doped

substrate regions. :

g

L



5 than by ion inplantation into the trenches 5339. The array is annealed to
form N+ source and drain regions 5315 by outd!ffuslon from N+ el ectrodes
5317 and to recrystallize the anorphous or polysilicon sem conductor

| ayers 5313 and 5325. The outdiffusion and recrystallization my be
carried out during the sane or different annealing 10 steps at any desired
poi nt i NWOHB/LRBT | cati on process. |f desired, an interlpgpUséwesegzat i ng

| ayer |Is formed over the array showdS in Figures 87 and 88D, and anot her
devi ce | evel containing another array of TFT CMOS EEPROM devices 5300 is
nmonolithically formed thereori. Routing netallization |ayers (preferably a
netal |ayer other than alum nun) 15 nay be fornmed in the interlayer
Insulating layer. Additional interlayer insulating |ayers and device

| evel s may be 1, oTABMéEMSFy E8IEof BRMACI4 BY 8k \%erewﬁm@aioalé dompstsdls €d, 1O
format |east three device layers. In another alternative aspect of this
enbodi nerfayers dispared atxive asubkirat@at ai ning a gate line is forned directly
on top of the PMOS el ectrodes 5329 without an 20 intervening interlayer
insulating |ayer. Thus, the PMOS el ectrodes 5329 woul d contain source and

drai ng egion |I { Ot | utal device | evels may
be forgmed Wi '?hout érr%\(/’ 3 ‘gsfﬁ{aé‘?‘n'ai’/é‘p‘el’ﬂ e ¥% o0 forma three
di mensi onﬁprgmtbﬁm.q;,@ﬁ rtﬁ;y:k Thi s arrangenent offers more' transistors
with fewer processing steps, but with |less programming 25 flexibility. As

shown In Figure 89, the resulting TFT CMOS array is a matrix of NMOS 5319
and PMOS 5321 devices with common gates 5303. The array shown in Figure 89
i s an unpr ogrémahednemaporel g claima¢2 mhersinghaaxide reglon ishen be confi gur ed

into | ogi Iene devices by rupturing 30 the gate dielectric
(i.e., th QFQER%?5¥EBSR?¥1n1or region) to forma conductive |ink which
connegj s the gate lines (| e., word line rows) 5303 and source and drain
el ectrodes 5317, 5329 (i.e., bit lines), or by storing charge in the

char ge st or aget.r AghaolStile Gbkdairitlvhbmory BMDBoinABRigst TS 10 raise their
t hreshol d vol tages and keep them permanently of The array of TFT 35 CMOS

EEPROM desn Bedogabeaiony be used to form either Ioglc el enrents or a WD

02/ 015277 10 / US01125092
?’tf)op gTreg]Son,

- & storage element dispased between the N doped region and the
16 P doped region;
conductors for passing a current through the N doped region,'

the P doped region and the storage elément.

25. The memory cell defined by claim 24 wherein the storage element

20 comprises a first oxide region.

28, The memory cell defined by claim 25 wherein the storage element

comprises a second oxide region.

25 27. The memory cell defined by claim 25 whersin the storage element

comprises a region containing nitrogen.

UL



menory array. Furthernore, the sane sem conductor device in the -
unconfigured array nmay be used either as an antifuse or as an EPROM or an
EEPROM According to a preferred enbodi nent of the present invention, a
circuit 5 conprising a plurality of charge storage devices and a plurality
of antifuse devices is provided. The circuit may conprise a field

progr anmiy @oe@be array or a progranmmabl e | ogi ¢ devi cePCPUSHIZAB| vy, t he
plurality of charge storage deviceH6and the plurality of antifuse devices
conprise a sane set of devices. This greatly sinplifies the fabrication of
the circuit. These devices 10 function as charge storage devices when a
first programyg ng.volta i i : b t gelb € devi ces
of f by incre?sg'ngh?ﬁ@%mg&rcggﬁgﬁﬁéd égl%i%@teﬁr? esgﬁggi\(/aiéctgﬁsé%l soh?gncti on as
ant i fusescwﬂﬁns 8 $008Ad oRidWregoni.ng vol tage higher than a first voltage is
applied to the devices. The second voltage may be any voltage which is
sufficient to forma 15 conductive |link through-the charge storage region.

For exanple, the first (i.e., charge storgqge voltage) nmay be |le than 5
volts, while 29 Theovatmory sel &@@"QG%M “3?‘8?1?gt‘%h?’SFhﬁl%"é"°é%%°d§‘8ﬂe\sf‘Z‘ link may
be 5-50 volts, dependi.n Q he..devi C I deSled iolfae voltages are
provi ded i%‘“tﬂ?%&%@@ﬁgb?"%%tewggié\jtelggsgr&%;ri pﬁe‘? I cpc’%?ti:c;lﬁ%t However, if
desired, charge storage and 20 antifuse sem conductor devices having a
different structure may be provided. |1t should be noted that any:charge
storage devi cgg, Whiethehuotgtaslirdefinedeary alair Rdswharen the starase €lamsNG nk has
been fornmed through its charge storage region are wthin the scope-of the
present i inohndesosilicdihus, any device is within the scope of the present
invention if the device contains a 25 sem conductor active region, a charge
storage region adjacent to the sem conductor active region, a first

el ectrgde andﬁqg\h néjg-ne%rﬁ&é({@éjle&eﬁrﬂﬂdbv %ﬁégg}:ﬁ@{eﬁgn&ﬁagt&hgd gléméfe char ge

storad regio progr anmm ng tage is applied between the
first and J g, fesldmiectrodes, and a conductive link is formed through
the charge storage region to forma 30 conductive path between the fiTst
and the second el ectrodes. Therefore, a charge storage device which Is

capabl e of being used as an antifuse Is not, |imted_t ' TFT
EEPROVs. Such 32haflge ngqrgpaggelhggﬁfnaggbyrgifnmr%q- Whereiri at 18adtPirle 5F B

doped regions is disposed in a substrate.

15
33. The memory cell defined by claim 24 wherein at least one of the

doped regions s disposed abqve a substrate.

34. A method for operating a memory celi comprising:

20 trapping charge in a region to program the cell;

passing a current through the region when reading data from the cell.

35. The method defined by claim 34 where the passing step includes

causing a current to flow in a first direction to program and read the cell.

25
36. The method defined by claim 34 where the passing step further

includes causing a current to flow in a second direction to erase the cell.

* c L M s *



the pillar or self aligned TFT EEPROVs and di odes with charge storage

regi ons of the previous enbodi nents, as well as EPROV and EEPROVE 35
formed in a single crystal sem conductor substrates. ............ WO

02/ 015277 PCT/ US01/ 25092 104 Figure 90 illustrates how a 4x4 cell array of
the circuit of Figure 89 <can be programmed into an inverter 5343. First, a
hi gh vol wagenirappl i ed between gate (i.e., word) |inePCBUSIRNP2hIt |ines
5347, which will be used to carry ¥Ae out put voltage, V0"t. This causes
conductive antif use links 5348 to 6 formto electrically connect |ines
6345 and 5347. Then, the driver circuit provides a progranm ng voltage to

all other tr i r i b Lrai ' t; turn
them of f, ex pt?ﬁgnﬁﬁéﬁe};ﬁghs o@gﬁ‘ggg’gﬁghﬁlﬁ gﬁg@?bg‘ﬁsﬁ olﬁglﬁgggl The
NMOS 5355, authd Mebreab thicughsd Stopide &lefisnt e firstv@frédion.When a hi gh
voltage, V;,,, 1s provided into gate |line 5349, then a 10 | ow voltage, Vim
is read out, and vice-versa. Voltages Vgs (i.e., ground) and Vac (i.e.,
power supply voltage) are provided jptq bit lines 5351 and 5353 . which are
connect ed toqsr-aﬁbPé?ﬁﬁ*"é’dSFg"fB’egﬂb’ 5*95"7%4#" grain §€L° PrIsIRY PPN Sa 4x4
cel | ray_of the circuit of FEigure n into a two input
NAND ght P36 °Wir?'§ttt, rgu%rix gah?’tsg“gtea%%%eﬂgﬁ‘l %Qg%p cf)gi(r':i et ieen gate (i.e.,
word) fine 5345 and bit li-nes 5347, which will be used to carry the out put
vol tage, V."=. This causes conductive antifuse |inks 5348 to formto

el ectrical |y a;ingeatsthictame hdAbg ardlodS diid aftwmdide tdgion dhatvexhibits aui t
provides a progranm ng voltage to all other transistors 5350 to increase
thei r t hr negriivg-resistange charagienistinan avoltaastasyiard slaspgthe diedisialt ors 20
5361 .and 5365 and NMOS transistors 5363 and 5366. The transistors: 5351,

5363, 5364NBIQYERSHY COPMHSIME NAND gate. Input voltages WU,y and Vi"Z are

proviged intq [ ! % &std gected to
gate [Tne 5365%\%?‘% g@?ﬁﬁé?@?@%g%ﬁg%n %i?ﬁ%j%g cor?n?ce"tg%a to gate line
5371. Vol 13669 si¥ch tR&0a ¥hReAt thrBlgN itHE diddel endobkidé iregienTihs3ea itrotigh5375.
NMOS 6367 i's connected to bit line 5375, while PMOS 5361 and 5365 are

connect edtiiostorage region373. CQut put vol tages can be read out from

40. The improved structure defined by claim 39 wherein the storage

15 region comprises a compound that includes nitrogen,

41. The Improved structure defined by claim 40 wherein the compound

includes oxygen.

20 42. The improved structure defined by claim 41 wherein the compound

includes silicon.

. 43. The improved structure defined by claim 39 wherein the storage
region comprises alumina.
25
44, An array of memory cells comprising:
a plurality of cells having at least one semiconductor region and a

T

storage region for trapping charge; and



| i nes 5345 or 5347, which are connected by a blown antifuse 5348. Figure 92
illustrates how a 5x6 cell array of the circuit of Figure 89 can be
programmed into a static random access nenory (SRAM 5380. 30 First, a
hi gh voltage is applied between gate (i.e., word) lines 5381 and 5383 and
bit lines 5385, 5386, 5387 and 5388. This causes conductive antifuse |inks
5348 to fsayemoise7el ectrically connect lines 5381 with | i RET/USGIEEIRNd 5386,
and to electrically connect lines 5883 with |ines 5387 and 5388. Then, the
driver circuit provides a programmng voltage. to all other 35 transistors
5350 to increase their threshold voltage to turn themoff, except for

LoDTLste s 3 Bl R ot T et SR T it = VO

t ransi stogémdgﬂuh@t&r,egﬁjnséﬁ&é% e yh. 5393 and 5394 are the cross
coupled inverters. The cell is accessed by placing a positive voltage on

the word |line 5395. Data |s |nput onto and read out of BL and BL- bar,

whi ch are provided into bit es 5398 espectively. Vol tages
Vss and Vop % ﬂ'ﬂ'@\ﬁ’d%\ddpﬂ{‘?ﬁ Vt“'?‘i“n 4 8'"a ?/g WHlct i vel y.

Fi gur ow var| us exenpl ary configurations that can be
progragmea's"f’fegﬁ'bmed ‘noted that any other desired |ogic or menory
devi.ce, such as a NOR gate, etc., nay be progranmed using the nethods 10
descri bed above. Since all logic functions can be perfornmed by basic

el enent's, suchgashélaiayodsfirid, nylaim g4 whierainithe atbedst gmeogr ammed into this
type of an array. Furthernore, |ogic and nenory devices nmay be programed
into the sammdwmnragiomesmrme For | ogic devices, In general, the size
of the logic block is (x + 1)2 tines the cell area, where (x) i s the number
15 of inputs on the logic gate. Since the cell area here can be as small as

4F2, A@here F ’7STEQear f%%tﬂpged; ﬁfEHﬁrﬂ &4 %é&ﬁ'ﬂf%\e@oﬁﬁl& médhaedi rﬁ’%rifeso 25

mcro m ni mum ogic gate I's F(x+1))2, or 25 m crons
squar ed fqrpayp@ ERIEncIeN? 1@hidNhdIRt dispdiers adjadent, thbh\etweea per -1 ogi ¢
gate is 4(F(x + 1)}2 to 5(F(x+ 1))2. This size includes an "isolation" row
and col unsenticarahivtolfegiaipe of the bl ock, that is shared with the next

bl ock. .

48. The array defined by claim 47 wherein the storage means includes

15  an oxide region.

49. The array defined by claim 48 wherein the storage means Includes a

nitrogen compound.

20 50. The array defined by claim 44 wherein the control means is

disposad extarnally to the cells.

51. The array defined by claim 44, whergin the semiconductor regions
of the cells are disposed in a substrate.

25
52. The array defined by claim 44 wherein semiconductor regions of

the cells are formed of polysilicen.

R



VI. METAL | NDUCED CRYSTALLI ZATI ON A preferred enbodi nent of the present
invention is directed to a non-volatile thin filmtransistor (TFT) nenory
or logic device constructed 25 above a substrate and including a source,
drain and channel region nade of deposited or grown anorphous silicon or

pol ysilicon that has been crystallized by nmeans of a transition

met al - i ndiePhadoay eral crystallization (MLL) process. RCT/H§01/25092 npr e
preferably, a three-di nensi onal many?ti mes programmable (MIP) non-vol atile
menory or logic is constructed of such thin filmtransistor 30 nenory
devices. 'In accordance with the first aspect of the present enbodinent, it

[ desi r abl ' for. h LS 3 d -
vol at i Te mondhg. g waRe deined BARLAL RtACIHerdorhlol Tinde orkpRBSES T

| ayer of silicon u L sl ’ egidrd.i con. This can
be WO 0216?5’2?‘7&&"{% ﬁ%‘f’w&%u ?*aégjcﬂéén'f) i ‘de?%g% ﬂ\yg%gr gi n size of the
a-Si or polysilicon can be increased to resenble nonocrystalllne silicon.
In the past, crystallization of a-Si has been acconplished ip a, nugcper of
ways. |n -accoggansensimbhy arrhi teingodexels whereN isaiyvher JRTe; %W‘%‘
crystallized to formpolyorystalline.silicon with an anneal step taking
tens of hebovea subisitateset leys| OMBRFBAth i s not advant ageous because the
devices fornmed in that materi o) - Basuketrate;sti cs and
they take a rgr%ﬁﬁfﬂ?éf*?'ﬂp&ﬁ*gc%'ﬁ“&ﬂ?'\é? ﬁﬁﬁépﬁ@fg{;‘rﬁ?@gﬁe@ Thu;,
crystallizati hitotdi 4 %8esid blanagiaraltel towbal or

ger mani um cat %P?/%‘?@%%gmﬁg%gggg | at er al crystgl lization at seeding sites,
Unf or t unatginstrai® ahdidbaveithedirsbplard; devices fabricated in this nmanner
suffer fromrelatively poor performance char actﬁri shi S {/r e{ati ve,to

monocr yst al | i meplardlity o cells ¢nexdisnased hetwern sa6h PfL 6%@5 ahq, 826N { he or der
of 100's of nV/ dec and ap idsat,.of 10's of #A arm The netal -induced

| at er 210 15cqdustefs) ief‘a"f‘i"GR COMATNS's carried out at a tenperature of about

400C to about 700CL0uachichiehd Bhihahol dalify bbRaidre cupramiih onat s of
u r. (0]
a

several or nore urther enlarge the silicon crystal sites to
hundr eds ofj;.fddr Hhd relatively short duration high tenperature anneal
step, e.g., 900C for 30

a storage stack comprising first and second oxide regions with a
storage region between the oxide regions;
18 the steering element and storage stack being disposed between the first
and second conductors such that a current from one conductor passes
through the steering element, first oxide, storage region and second oxide

before reaching the second conductor.

20 55. The memory array defined by claim 54 wherein the second

conductors in a level N-1 are shared with cells above and below the second

conductors.

56. The memoty array defined by claim 54 wherein the steering
25 eletment comprises a p-type region and an n-type region with the storage

stack being in contact with at least the n-type doped region.

L



m nutes, is added to sinultaneously crystallize nultiple |ayers of a-Si (or
20 anot her sem conductor nmaterial). Note that a crystallization tenperature
range of about 750 C to about 975 Cwll also provide satisfactory
results if the tine of the anneal is adjusted accordingly. This
short.duration high tenperature anneal will not saturate the diffusion
regi ons QfobAfisdevi ces contenplated herein and can be REPIUSBH2ZVHce to a
mul ti-| ev(r device, as can 25 the I2w tenperature anneal step. An exanple
of a process for recrystallizing a deposited a-Si layer in accordance with
a specific enbodi nent of the present invention is now described and
illustrated in_Figs of oardinpar [ now
realize that ﬁﬁnﬂ“r%th’?ﬂé“%ﬁ?'??@eﬂ‘?'&%y ?ﬂ%}(ﬁg§m{go% ysaallﬁ'&l usté{r?%! ed here 30
are possi g %Qg ag;gvggags%ft&% bdth Ieﬁ}&let‘i‘é\hf{&néﬁméa?teferﬁ&ﬁtst @nth herein.

Turning n rocess flow diagram of a fabrication

process fg@pﬂ,‘gﬂé‘;ﬁiémgﬂgnaepom ted (or grown) a-Si layer is illustrated
in Fig. Figs. 94A - 94H illustrate vertical cross sections of a

si | i con waf er a stoegerstdck nssuiatedanith each Wftthé nepbeeelementsy. 93, Fig. 95

illustrates the WD 02/ 015277, PCT/ USOL/ 250 107 eff i-pduced
| at er ab cropmmiilﬂﬁatﬁ%fﬁgﬁl\ﬂeﬂlﬂ" Tor AEARping; 8 ﬂﬁﬁ s%sﬁﬂgtmts“"’%ﬁﬂﬁ %@hs %

depost o0 OUGL oD ket XL EnPYSlyidy FBIIR e BbhIGR lehAbats pabagel | 1t st ep

or dep05|t a thick oxi de foyer

5410 (Fig regibrd, Sha BeREge Fadion and ihé athersodider at e 5412
to provi dethg%hréﬁggggpggqﬁ/gra The next step 5414 is to deposit a thin

anor phous ggldncon (a-Si) layer 5416 (e.g., 1000A) over buried oxide |ayer
5410. This can be acconplished, for exarrpl e, wWith low pressure chenical
vapor deposition (LPCVD) at 550C using SiH4 as the silicon source 10 at a

fl f d
5416 :tﬁi/ecgnprﬁ%ecg\ﬂdm%g‘?? e attipef by SRl BE binordhn G I Foaned 27
sact 1161 2l S A SITRENGN U Saiinds Clrfle dPuTeal @ Brétcpradersh) and then

in step 549 mask 5422 and etch to expose transition

net al seeg?ﬁg?\/\;ndg\pﬁsm%tlo‘ﬁhese seedi ng wi ndows can be slots
approxi mately .

59. The improvement defined by claim 58 wherein charge trapped in
15 the storage region is sensed by passing a current in the first direction of less

than a second predetermined density, said second density being less than the

first density.

60. The improvement defined by claim 58 wherein trapped charge is
20 neutralized by a current through the storage region in a second direction

opposite to the first direction.

61. The improvement defined by claim 80 whersin when the current

passes in the first direction the diodes are forward biased.

25
62. The improvement defined by claim 61 wherein the storage region

includes a compound of nitrogen.

L



15 pmin wdth as shown in Fig. 95 Mask 5422 can now be renoved. The next
step 5426 is to deposit a transition netal |ayer 5428 (e.g., 1 OOA N
(nickel)) over LTO layer 5420. Other transition nmetals nmay be used
although Ni is presently preferred. Qther transition netals which nmay al so
be wused, but which are |l ess desirable than NN are: Fe (iron), Co (cobalt),
Ru 20 (rWOHe8I%% , Rh (rhodium, Pd (palladium, Os (ospPCTopor2se02(iridiunm,
Pt (platinum), Cu (copper) and Au ¥&ol d). Gernmani um may al so be used if
desired. The transition netal may al so be introduced into the seeding

wi ndow by i nplantation and ot her nechanisnms well known to those of

di Ki b | T 5430 | | for initial
PateralcrysE3r 1 Ths Hinfbvemsns kel BV fbE Bo b Bererh the GOt dRciungy bo
carried wnk@@séﬁmﬁﬁtdﬁﬁaﬂa{nfédjéé‘erﬁﬁd orlel SBhe f:&&e?%}@g}s?é.ﬁ a 20 hour

anneal at 560C in N2 anmbient w wor k. Lower tenpera equi re | onger
anneal tines, higher tenperatures require shorter anneal tinmes. Those of
ordinary skill in the art will now recognize 30 that this can be optim zed
for throughput considerations. This step perforns a crystallization which
may b§ adequg%e %or certain devices and provide silicon grain sizes of
severdl to t&ns OfAMPIOPREPTIFIG: ces requiring even nore perfornance and

silicon grain sizes difybyd r jre the high tenperature
anneal step di scusseéﬁbbelrbgzv. H%E%g'ﬁg%%gé@lalﬂg%’ﬁow 108 _ The next
step 5432 is to st uifirst Bonteet@nbridhdvadiid HiafB dTBiafd sliBY®4te; 0428.. This may
be performed with H2 S04: H202 (4:1) at 70C: Then step 5434 |s the LTO

| ayer 5420 is stri phegivwn saidrfirstcaatdey;, a hi gh tenperature anneal step
5436 (e.g., 900C, 30 m nytes 5 N2 3 ient) |s conducted (if desired) to
further crystalliz8& sﬁ‘f@“ﬁé’t“f’#aa‘?tl%" $ ¥ wherein sgidisecgnd gontagids | ar ger

0 1 g Gy Vil RSB, gl 1 28, e, (e

crystallized a ‘ysi l.i con |ayer)

per f ormance char ackagi ésﬁoraéra\%iﬂe%ﬂuﬁx% HERS isBRPlvheRein (S4d CGABRP"
insulator) CMOS technol ogy. te that fransition netal-crystallized-

seni condutaves béBveen eaiddirsh sontaet ahdrsaldseddrid cortael in 4 dieétisiet ect abl e
amounts of the transition .
perpendicular to said plane of said substrate; and
a contro! gate adjacent to said charge storage medium.
15 '

65. The memory of claim 64 wherein said body comprises silicon.

66. The memory of claim 64 Wherein said body comprises a dielectric
film surrounded by a silicon film.
20 '
67. The memory of claim 84 wherein said charge storage medium

comprises a dielectric stack.

68. The memory of claim 64 wherein said charge storage medium

25 comprises a silicon floating gate separated from said body by a dielectric.

U



netal (s) used for facilitating the crystallization. In normal sem conduct or
processing, trace anounts of transition netals (typically Fe,. N) wll
escape the structure of the sem conductor fabrication equipnent (usually
containing stainless steel) and enbed thenselves into the sem conduct or
filmwhere the 16 TFT channel would be fornmed. Normally these transition
netal s aW@WBOERENt at a | evel of |ess than about 1014 BCDISI128092] n
transition netal crystallization, 12however additional trace anounts of
transition netals In excess of about 101' atons/cc and up to about 1018
atons/cc will remain in the crystallized sem conductor material after
brocessi ng. - §al SThe niifiBh7b! HaliR'ePwhSrdR 3R LHELS StorBb8hedilm1Ovever,
where it |Is desired to create a gradient of such contam nants, a gettering
mat eri al ,comnrisesha {iphtheg hato famedhymbeondiictive thanbolydtals GmbCGRpaRsegr drain
regions of the TFT to reduce the concentration of such contam nants in the
channel rfE}magihbodybycndielapttiae concentration of such contaninants in the
respective source and/or drain 25 regions. Fornmation of devices in the

regi on of the seeding windows 5424 shoul d be avoi ded due to excessive

transi5ti on nﬁb@lA%E‘g‘g’%@%‘*i"@gge above descri bed netal induced

crystallization net u to recrystallize the active

seni conduct or | ayek ficanyryetallsi®saBtyRadiRg @ plaks devices. Thus, pillar
TFTs, self-aligned TFTs, rail stack TFTs and diodes (i.e., 30 an active
seni conduct or | ayer fivst siicoofiloi havioma first condugiivityj typetdanoins firstf  vari ous
configurations mgy be fo PEd inthe recrystallized a-SI_ or polysilicon. WO
02/ 01527 FopESRtIEIN 94 soll Iy FongygtiviEtyne dopantexioimed AoV FaUs

enbodi msr%tu% 'ﬂ%&?ri bed above, a netal silicide [ayer was forned in contact

with a siliconTayer, such as a polysilicon word line or bit [line. Oné
pref qored method o deoRundichnl filhPRbWRY Y SdcondSedrdBtivit) tgP@kAdla W th 5 a
silicon layer is by using a silicon cap and a Ti N | ayer. e titanium

si i ci de secapdconsefatiad ob soiahsasoadathdantivity eyse dopamienwiiPeihaieid . The
cap layer,is fornmed on a heavily doped silicon layer, such as a
pol ysi | i d8Ht spneantratinsLis grepter dthan Ealdgecapg @encentiadiemcent rati on in excess

of 107% cm", such . 107 cm3.to. 1027, cm. . The lLayer i.s preferabl
deposited on P+ p olﬂ/atz}'r%ji gl 6%0nofﬁm having said first con}&ucﬁ\afﬁv tv|¥e and a third y
concentration of said first conductivity type dopants, wherein said first silicon
16  film and said third silicon film are substantially vertically aligned;
a charge storage medium adjacent to said second silicon film;
and

a control gate adjacent to said charge storage medium.

20 71. The memory of claim 70 wherein said charge storage medium

comprises an ONOQO film.

72. The memory of claim 70 wherein said charge storage medium
comprises a first dielectric layer adjacent to said second silicon film, a
25 floating gate adjacent to said first dielectric layer, and a second dieleciric

layer between said floating gate and said control gate‘.

oLt



10 N+ anorphous silicon |ayers. The N+ anorphous silicon may then be
recrystallized into N + polysilicon during subsequent annealing steps. A
met hod of forming a titaniumsilicide (TiSi2) |ayer conprises the

followi ng steps. A heavily doped polysilicon |ayer is deposited. For
exanple, a P+ polysilicon layer is boron doped to a concentration of
5x1020 cWOIAOIT 15 has a thickness of about 1400 AngstPoOmEsoilAseap | ayer of
undoped anorphous silicon is deposi?ded on the P + polysilicon |ayer. The
-cap may be 600 Angstrons thick, for exanple. Atitaniumlayer is
deposited on the cap. The titaniumlayer nmay be 250 Angstroms thick, for
exanple. A tht Iayer The
titani um ni t?ﬁ?ﬁg;“eér}hﬁa’ gpgilagﬁefﬁ)hﬁlg%ggragjtnsgﬁtﬂ{bcé%f%dfﬁ taLr!fgpr?I e. O her

| ayer thirdnoesygealsiay be used, as required. The | ayers-are annealed at a
tenperature bel ow 650 C for Iess than five mnutes to react the titanium
and the silicon in the cap to forma C49 phase TiSi2 |layer. The anneal my
be carried out 600 exa | f desired, another
P+ pol ysili céﬁ" ai?‘ét'“‘?’?"'a'eﬁf)é]ial'@%w&erﬁ'ﬂéa@tfé '"Eﬂ%Fet‘F%'“E't'mal s etched
Into & t " |", such as a word line or bit line. The wire or
rail %ayma?mgwggg Slrfe:IE:'I'lcT(Iﬁ’lor | ess. The titaniumsilicide is then
transfornmed fromthe C49 to the C54 phase by a high tenperature (i.

above 650 C) anneal. The anneal can take-place before or after the WI res or
30 rails are79at The memort oBoabT 7 wherain saitufist conduetivityptype BN anneal i ng
each SIi/Ti/TiN filmstack bel ow 650C, dopant diffusion and thermal

gr oovi ng ype QOHQU?'F"QF\Q al‘é orein said segpnd PBP’éthN'W BiPdRS B8 be deposited
and etched ?919 gtl ally. WD 02/015277 PCT1[ TS01125092 110 The foregoi ng
descrlptlon o) i nvention has been presented for purposes of
illugyration and description. Lt is not intended to be exhaustive or to
limt the invention to the precise formdisclosed, and nodifications and
vari ati ons ar7é.pAsaeblceyiconprigiig:of t he above teachings or may be acquired
5 frompractice of the invention. The drawi ngs and description were chosen
in order to expl aiafitstaefal pentgct foroted ahoveny sHbstaateand its practi cal

application.
PP a silicon film having a first canductivity type formed on said first

metal contact and forming a Schot{ky junction with said first metal contai::t;
15 a second metal contact formed on said silicon film and forming a
second Schottky junction with said silicon film;
a charge storage medium adjacent to said silicon film; and

& control gate adjacent to said charge storage medium.

20 77. The memory of claim 768 wherein said charge storage medium

comprises an ONO film,

78. The memory of claim 76 wherein said charge storage medium
comprises a first dielectric adjacent to said silicon film, a floating gate

25 adjacent to said first dielectric and a second di‘electric between said floating

* c L L H *

gate and said control gate.



The draw ngs are- not necessarily to scale and illustrate the arrays in
schematic block format. It is intended that the scope of the invention be
defined by the clains appended hereto, and their equivalents. WO 02/015277
PCT/ USOLl/ 25092 111 W& claim 1111111 ME ON 1111111111 Ns 1. A nenory
device conprising: a first input/output conductor formed above or on a
first pl WOD2845278 substrate; 5 a second input/output cordmUbEW2s092a

sem conductor region | ocated betweeR4said first input/output conductor and
sai d second input/output conductor an intersection of their projections; a
charge storage nmedium and 10 wherein charge stored in said charge storage

medi um af f ect s79héTheanimitry &t diaiqi 98t i etween said. first
i nput / out put conduct or and’ seoond in%h%?@u%%ﬁ%@@ﬂ&%&%ﬁ?@"sﬁe menor y

devi ce of EfBPFfYsialmerein said charge storage medium 15 is formed between
the intersection of said first input/output conductor and said second
i nput/out put conductor. 3. The nenory device of claim2 wherein said charge

storage nedi ungg| i ect n sai d sem conductor region. 20 4. The
mermory devi cer%b? ?-Ihfgiq?'ng?%vﬁgé’?éc?a}ﬂ'k’gzo#d"'?ﬁﬁ\"g%'%ﬂeﬁ’é@@Qmimiﬁcenfor med

adj acerfi t tlostmglgatsyi conductor region. 5. The nenmory of claim4 further
conprising a control gate forned 25 adjacent to said charge storage
medium 1TLILid Tiii! hill @i 1 11 S W 02/015277 PCTI US01/ 25092 112

81. The memory of claim 78 wherein said first conductivity type is P
type conductivity,

10 82. A memory comprising:

a first sllicgn film having a first conductivity type formed above
a substrate;

a first dielectric layer formed on said first silicon film;
~asecond silicon film of said first conductivity type formed on -
18  dislectric layer;
a third silicon film adjacent to and in contact with said first
silicon film, said first dielectric layer and sald second silicon film, wherein said

third silicon film has a second conductivity type opposite said first

canductivity type:
20 a charge storage medium adjacent to said third silicon film; and
a control gate adjacent to said charge storage medium.
83. The memory of claim 82 wherein said charge storage medium is an .
ONO film.
25

84. The memory of claim 82 wherein said charée storage medium

comprises a third dislectric adjacent to said third silicon film,

A

a floating gate



6. The menory of claim1l wherein current flows through said sem conductor
region in a direction perpendicular to said plane of said substrate. 5 7.
The nenory of claim|l wherein said sem conductor region conprises doped
silicon. 8. A nenory device conprising: a first input/output conductor
formed above or on a first plane of 10 a substrate; a second i nput/out put
conduct owofeaiopedr above said first input/output conductpcT/asa/2sei ng a
projected intersection with said fi¥8t input/output conductor; a silicon
body | ocated between said first input/output conductor 15 and said second
i nput/ out put conduct or and in direct alignnent with said intersection of
said fir |gcgﬁé S di um and
wher ei n %%%6???%@ ovvs t%rou agg?%@?ﬂf@gﬁﬁﬁ%ﬁ(ﬂ% V\";/ea(e?&nmgail first

i nput / outgité andGaidcEntroCga. | nput/out put in a direction 20 perpendicul ar
to the plane of said substrate and wherein charge stored in said charge
storage medi um affects the ampunt of read current that flows between said

first input/qutp conducto and second ut / out pu uctor for a
G ver Vol t agBBanbhe EUETERAE AR S Tect SR CBIRG SRt E SRETeRaroRnd sai d
secong i t- conductor. 25 9. The nmenory device of claim8 wherein
sai d g’ha?%ﬁ‘%%%é medium is formed on said silicon body and in direct
alignnment with said intersection of said first and said second

i nput/out put conductors. CL ILITIITIITI"] WO 02/ 015277 PCT/ USQOL/ 25092 113
10. The nenpi8g.déhe ceermbrdevioe ®f whaimeB4 verdrdinciaid floating igate isfudimed ' i
formed adj acent to said silicon body 6 1.1. The-nenory device of clai m8
further cOMPrH§HYy a control gate

10 87. The memory device of claim 82 wherein said first conductivity type
is N type conductivity type and whaerein said second conductivity type is P

type conductivity.

88. A memory comprising:
15 a substrate;
a first silicon film having a firs'ft conductivity type and a first
concentratior{ of said first conductivity type over said substrate;
a second silicon film having a second concentration of said first
conductivity type on said first silicon film wherein said second concentration
20 Is less than said first concentration;
& third silicon film having a second conductiviiy type formed on
said second silicon film;
a charge storage medium adjacent to said second siticon film;
and

25 a control gate adjacent to said charge storage medium,

89. The memory of claim 88 wherein said charge storage medium

* c L M S *

comprises an ONO film.



formed adjacent to said charge storage nedium 12. A nenory device
conprising: a first input/output conductor forned above or on a first plane
of 10 a substrate; a second input/output conductor formed above the first
i nput/out put conductor; a third input/output conductor forned above the
second input/output conductor; i5 a first sem conductor region |ocated
bet ween WD w2M012Tsecti on of projections of said first |PEUUSBASPAL
conduct or and sai d second input/outldtt conductor; a second seniconductor
region | ocated between an intersection of projections of said second

i nput /out put conductor and said third 20 input/output conductor; and a
first charge storage nediumthat affects the anmount of current that flows
bet ween said first input/output conductor and second i nput/out put

conductor.. 2§ol3rh£rﬁa%ﬂ9fwofsalaimmﬂesémghzdacrsuﬁé%té}ayé R@visel I rSt region
and a second region; a charge storage region; c) 027015277 PC7US01/ 25092

114 an i noeh@isesma fiegi disledtripadjaderadjossaid sedand siicarh fillgea floatingegategi on; a
first contact to the first region, and a second contact; wherein a

pr edet er rAdinnentdesaid Hrstadielgstia and pisesend dislesdtie hetween soidctiaatingises a
current to flo thcﬁrg_u h Lhe di ode, insulation region and charge storage
regi of. t Hg% PUTREER™ st clai m 13 incl uding a second insul ation
region disposed adjacent the second contact and the storage region
opposing to the 10 first insulation region.

91. The memary device of claim S0 wherein said floating gate is formed

from nanocrystals.

10 . 92. The memory of claim 90 wherein said floating gats is formed from

silicon.

3. The memory of claim 88 wherein said first conductivity type is P
type conductivity and wherein said second conductivity type is N type

15 conductivity.

94. A memory comprising: _

a single crystal sillcon substrate having a plane;

a dielectric formed above said plane of sai_d single crystal silicon
20‘ substrate; .

first contact formed on said dielectric;

a body formed on said first contact;

a second contact formed on said body;

& charge storage medium adjacent to said body and wherein
25 read current flows between said first contact and said second contact in a

dirsction psrpendicular to said plane of said substrate; and

a control gate adjacent to said charge storages medium.

* c L M § *



15. The nmenory cell of claim 13 wherein the insulation regions are oxide
regions. 15 16. The nenory cell of claim 13 wherein the storage region

i ncludes a nitrogen conpound. 17. The nmenory cell of claim 16 wherein the
conpound i ncl udes oxygen. 20 18. The nmenory cell of claim 16 wherein the
compound includes silicon. 19. The nenory cell of claim 16 wherein the

st or age WOIRBH2T0onpri ses 25 alumina. 20. The nmenory cektT/O$0125@2mM 13
wherein the diode conprises doped Blbstrate regions. [III11 * [LITITTILILT]
FTETETETErETl S WD 02/ 015277 PCTNSOL/ 2. 5092 115 21. The nenory cel |l of
claim14 or 15 V\,herei n the di ode conprises |ayers disposed above a

substrate. gﬁ;rE{, of claim 15 wherein the oxide regions are
appr oxi rratel y 1 5nm th bhfglﬁirdghe menory .cell of claim 22 wherein the

oxi de region is apfirexphiat ebspfishign flkitadontddt, 3%body dwBdRl st | € read-wite
menory cell conprising: an N doped region; a P doped reg| on; "' a storage

el ement GPQMedmﬂ)@tmndtmtwmpeddrh@mn and the 15 doped regi on;

conductors for passin nt t e N doped regio
P as d p'*“arei“orme agoge salg first p1!lgr said sgeccmd pillar

5 comprising a third contact, a second hody formed on said third contact and a
fourth contact formed on said second body; _
a first charge storage medium adjacent to said first pillar;
a second charge storage medjum adjacent to said second pillar;
and
10 ' a continuous fiim control gate formed adjacent to said first

charge storage medium and said second charge storage medium.

98. The memory of claim 95 wherein said first charge storage medium
comprise a film containing nanocrystals.
15
97. A memory comprising:
a first pillar comprising a first contact, a body on sald first
contact, and & second contact on said body; -
a second pillar formed above seaid first pillar sald second pillar
20 Eomprising a third contact, a sacond body formed an said third contact and a
fourth contact formed on said body;
a first dielectric formed on the sidewalls of said first pillar and
said second pillar;
a nanocrystals film f_ormed on and adjacent to said first dielectric
25 adjacent to said first and second pillars;
a second dielectric formed adjacent to sa;id nanocrystals;

a first control gate formed adjacent to said second dislectric

* [4 L L S *

adjacent to said first pillar; and



the P doped region and the storage elenment. 25. The nenory cell defined by
claim 24 wherein the storage elenent 20 conprises a first oxide region.

26. The nmenory cell defined by claim25 wherein the storage el enent
conprises a second oxide region. 25 27. The menory cell defined by claim25
wherein the storage elenment conprises a region containing nitrogen.

LI 1 ITWPRIRRT? s WO 02/ 015277 PCTI US01/ 25092 116 28pcivosoursesery cel |
defined by claim27 wherein the std2hge el enent conprises a second oxide
region. 29. The nenory cell .defined by claim?24 wherein the storage el enent
5isin direct electrical contact with at | east one of the doped regions.

30. The nenory cel lg deionashnidol a%f%ﬁrﬁd’%?@éﬂ%&ﬁ%ﬁ%géﬁg%ﬁﬁgt

i ncludes silicon. 10 31. The ne Ined by cla in the

st or age eldjaonit toeaikpsecarl pillar na. 32. The nmenory cell defined by claim24
wherein at | east one of the doped regions is disposed in a substrate. 15
33. The nenory cell defined by claim?24 wherein at |east one of the doped

[ is di d ab bstrate. 34. t hod f ti
Col'| “Conpri sPRy: OB YRES,EH oM A7 Horeta sridfieh Sootrol earend RGel |
passi Bg aseggéél?%gﬂggﬁgrégga{eg%% %/\,E(g&inr&%glfﬁg’_dat a fromthe cell. 35.

The et hod aim wher e passing step includes causing a
current to flowin a first direction to programand read the cell. 25 36.
The net hod defined by claim 34 where the passing step further includes
causing a current to flowin a sécond direction to erase the cell. Il
111111 . . .
98. A semiconductor device comprising:
a monolithic three dimensional array of charge storage devices formed
10 inan amprphous or polycrystalline semiconductor layer over a
monocrystalline semiconductor substrate; and
driver-circuitry formed in the substrate at least in part under the array,
within the array or abave the array.
15 100. The semiconductor device of claim 99, wherein the driver circuttry
comprises at least one of sense amps and charge pumps formed under the

array in the substrate.

101. The semiconductor device of claim 99, wherein at léast one surface
20 between two successive device levals is planarized by chemical mechanical

polishing.

102. The semiconductor device of claim 101, wherein the array contains

four or more device levels. .
25

103. The semiconducter device of claim 102 wherein each charge storage

device is selected from a group consisting of a pillar TFT EEPROM, a pillar

NI R



lvii 11112 11 1111 CL S WO 02/015277 PCT/US01125092 117 37. The net hod
defined by claim 34 wherein the trapping step includes passing a current
through a storage elenent in a first direction. 38. The nethod defined by
claim 34 wherein the erasing step includes 5 passing current through a
storage elenment in a second direction. 39. In a structure having a di ode
and an oWPA®01RYi on that exhibits a negative-resistancecTbsnasgsgri stic as
a voltage forward bi ases the diode,124n inprovenent conprising: 10 a .
storage region for trapping charge disposed adjacent to the oxide ‘region
such that a current through the di ode and oxi de region passes through the

storage rRGdOWittd chiffe SIHPAGY REbicH, rdjgé,ygﬁ%ﬁ&f Tpf%g_lp,s i ahmj 3qherein the

storage 15 region conprises a conp jound t rogen."41. The

i npr oved staclUTEUEERRGMned by cl ai m 40 wherein the conpound includes
oxygen. 20 42. The inproved structure defined by claim4l wherein the
compound includes silicon. 43. The i rrproved structure defined by claim39

ol 15 cortrt ot eeis{furt el e, 0k s st eyl Sdoisauct of

regi og angd
1111111111ﬁrﬂ%ﬁﬁ%?E’?%’qavaq{féhé%mgg’o%ﬂ%%e%ﬁ (EB17¥%002 118 a
control rnmsulstifigplayeentrol ling the flow of current through the

sem conductor region and the storage region.
105. The semiconductor device of claim 104, wherein each device level is
planar with respect to the adjacent device levels.
10
106. A thrse dimensional semiconductor davice comprising a plurality of
device levels, each level contains: |
an active semiconductor raegion;
a charge storage region;
15 a first electrode;
a second electrode; and
wherein a first side of the active ssmiconductor region is aligned to a

first side of one of the first and the second electrodes.

20 107. The semiconductor device of claim 108, wherein a second side of the

active semiconductor region is aligned to a sécond side of the other one of

the first and the second electrodes.

108. The semiconductor device of claim 107, wherein:
25 the active semiconductor region comprises a vertical pillar including a
channel, a source and a drain region; '
the first and the second electrodes contact one of the source and the

* c L M § *

drain regions; and



46. The array defined by claim44 wherein the control neans is 5 disposed
in the cells. 46. The array defined, by claim44 wherein the at |east one
sem conductor region is N type. 10 47. The array defined by claim46
wherein the control neans conprises a P type sem conductor region and is
di sposed adj acent the N type sem conductor region. 48. The array defined
by cl ai "WOM28k8T%i n. t he storage neans includes 15 an opgTiesoiegioen. 49. The
array defined by claim48 wherein t# storage neans |Includes a: nitrogen
conmpound. 20 50. The array defined by claim44 wherein the control neans is
di sposed externally to the cells. 51. The array defined by cl aim 44,

sher ei n the sabaaibihetnd e@nfiifesdl pithaittddp.2r © di sposed in a

substrate. 25 52. The array defined by clal m 44 wherein sen conduct or
regions of the cells are fornmed of polysilicon. I I"LI"1 1Lt 1 1l
[T 11l S ,t_WO 02/015277 PCTNSOL/ 25092 119 53. The array defined by

cl ai m 47 r dine serBicepAvuetar devinesofcelaip 1 9@s wharein: channel , fi el d- ef f ect

transi stor whi,gh_includes th -type region. 54. A nenory array having N
| evel s where @?@?‘Mﬁ SSF“'%'?@‘RT’%%%'%P 'ﬁ'pr‘ge%ﬁd@éﬂgﬁﬁﬁlﬁé‘t‘m&t@, pilagh | evel
conprigsi nghd first spaced-apart conductors in a first plane parallel to the
substrate; second spaced-apart conductors in a second plane parallel to

the substrat ahafilsBny thé Becdnd slecRbase cortadt dhaldftthe &f ﬁ@hﬁnone di sposed
between each of the first and second 10 conductors, eacﬂ cell conpri sing:

a st eeri nggienemdrtherhdunetiors readi |y conducts current in one

110. A method of making a three dimensional semiconductor device
10 ‘comprEsing a plurality of device levels, the method of rﬁaking each device

level comprises:
forming an active semiconductor region:
forming a charge storage region;
forming a first electrode;
15 | forming a second electrode; and
patterning at least two sides of the active semiconductor region and a

first electrode during a same photolithography step.

111. The methed of claim 110, wherein the active sémiconductor region

20  and a first slectrode are etched using a first mask.

112. The method of claim 111, further comprisn‘nq etching the second

electrode and the active semiconductor region using a second mask.

25 113. The method of claim 111, wherein:

the active semiconductor region comprises a vertical pillar including a

channel, a source and a drain region; e

* [ L M S *



direction, and a storage stack conprising first and second oxide regions
with a storage region between the oxide régions; 15 the steering el enent

and storage stack being dispos ﬁﬂ yrst and second conductors
such that a current from one : m"m a“thfough the steering

*

el enent, first oxide, storage regi‘ont ahd second oxide before reaching the
second cWRAFEIBT7 ' 20 55. The nenory array defined by PtEUsSNLBSonherein t he
second conductors in a level N1 dft shared with cells above and bel ow t he
second conductors. 56. The nmenory array defined by claimb54 wherein the
steering 25 elenent conprises a p-type region and an n -type region with

the storage  shemlctaticnthd Scumlalsdurdbdd cobab ai of 5 BolpBardopgd  eai on.
Fverry rrererer reerr reeer e rrrr LMt NO 02/ 0152 I 125092 120

57. I n adrdineegighseasdonal nenory array having a plurality of |evels
di sposed above a substrate, each |evel having nonlinear elenents, -an
i nproovement c&ERerseemgprising forming & gateelaetreds.at ed with each of the
nonl i near el enents 5 conprising a storage region for trapping charge
di sposed between regions of oxide such that a current flow ng through the

nonl i gean 18, eTRBlrfiethdSsEclaif 1349 Iviigino! the oxide regions, the storage
regi on and the other oxide region. 10 58. The inprovenment defined by claim

57 wherei n chthgaciige semitetductor refRnsdompises’ £06Rizaby-rPRAELPE gmaﬁurrent of
at least a first predetermined density in a first direction. 59. The
i mpr ovem@RE defined by claim 58 wherein charge trapped in 15 the storage

o Second pr cdBtLFHG A B eePpd LFEpdss CHoTRRS of ISP igoPBs Snthan e
first dersd hiregions of the p-n junction. ' '
10
115. A semiconductor device comprising:
an active semiconductor region ¢ontaining a channel, a source and a
drain region; .
a gate insuiating layer;
15 a source electrode;
a drain electrode; and
a gate electrode;
wherein a first side of the active semiconductor region is aligned to a
side of the gate electrode only in the channel portion of the active

20 semiconductor region.

1186. The device of claim 115, wherein the gate insulating layer

comprises a portion of a charge storage region.

25 117. The device of claim 1186, whersin the device comprises a self

aligned TFT incorporated into a monolithic three dimehsiona[ array of devices.

118. A method of making a semicanductor device, comprising:



60. The inprovenent defined by claim59 wherein trapped charge is 20
neutralized by a current through the storage region in a second direction
opposite to the first direction. 61. The inprovenent defined by claim60
wherein when the current passes in the first direction the diodes are
forward biased. 25 62. The inprovenent defined by claim6l wherein the

st or age WOPRBK2TH ncl udes a conpound of nitrogen. 11111 kdtusdizseor W)
021015277 PCT/ USQO1/ 25092 121 83. T2 inprovenent defined by claim62
wherein the diode includes an n -type sem conductor region adjacent to one
of the oxide regions. 5 64. A nenory conprising: a single crystalline
substrate havidinifg RintdiRivesdrhitShas@pF ?&g}fo%oﬁfaﬂﬁa\éec%r@,pé §8Gyf said
substrate; a body on said first contact”, a second contact on said body
wherei n sadd dmborgfgiamnt act is 10 substantially vertically aligned over
said first contact; a charge storage nedi um adj acent to said wherein read
current fl owierFing@cgrtednetlating fayesint act and said second contact in a
direction peH)endi cul ar to sgig! pl ane of said substrate; and a control
gate adj acent 'TBAAFBHGP §IP°OFAge medium 15 65. The nemory of claim 64
wheregn sai d B¢y k hikcon. 66. The nmepory of claim64 wherein
sai d %ody conpri é'ég%g@’r&?'g egtﬁ‘P?% filmsurrounded by a silicon film 20 67.
The menory of farhdihgabgatetiayer; andai d charge storage nedium conprises a
dielectric stack. 68. The nenory of claim 84 wherein said charge storage
medi um patterning the gate layer and the scurce and drain regions but not the

channel region of the active semiconductor layer during a same

photolithography step.

10
119. The method of claim 118, wh;arein:
the active semiconductor region and a gate layer are stched using a first
mask; and
the gate insulating layer comprises a portion of a charge storage region.
15

120. The method of claim 118, further comprising forming a monolithic
three dimensional array of charge storage devices, which includes the

- patterned active semiconductor layer.

20

121. A field effect transistor, comprising:
a source;
a drain;
25 a channel;
a geate;
at least one insulating layer between the gate and the channel;

L ‘_

and



25 conprises a silicon floating gate separated fromsaid body by a
dielectric. II11I1i 2112121 11111 11111 1110/ WO 02/ 015277 PCTNS01/ 25092

122 69. The nenory of claim64 wherein said charge storage nedi um
conprises a floating gate formed from conducti ve nanocrystals and separat ed
fromsaid body by a dielectric. 5 70. A nenory conprising: a silicon
crystal WOROIRTE having a plane; a first silicon fil mpPemUsa/2800i r st
conductivity type and a first concéatration of said first conductivity
type daepants formed above said substrate; 10 a second silicon film having
a second conductivity type and a second concentration of said second

conductivity type do, e J trati i S greater

t han said second C(%n tl‘ri.'aet‘?ﬁlgf\crh é’&Fﬁ gUbgﬂaF‘ﬁé‘r};ﬁﬁ%ﬁ@ {a?vé ﬁﬁ“’s"&’d first
conduct i \dﬁahnbb‘ﬁh%irﬁﬂﬁe@tlémbhd wisieR GRAtdcE 'tﬁé‘ g@fe 8Rd 55 Soif Bliga el ohd Vi Y
type dopants, wherein said first silicon ilmand said third silicon
filmaregaabstantially vertically aligned; a charge st orage nedi um adj acent

to said second silicon film and a control gate adjacent to said charge
storage nedium 20 71. The nmenory of claim 70 wherein said charge storage

medi ulgy conpe |2:‘2es %e%é:&o?‘of c? ??gfﬁg\%; 123%?%1?%0%58 %Qe sai d

char ge storage edi 'um -~ conpr ses to said

second SitheGhanhbl 4fe f&r@r‘édflh%él SliSEH Bk %thhﬁhﬁg'l&:ﬁtb& Hoo¥h&dectric

| ayer, and a second dielectric ayer between said floating gate and said
control dateglayéd inkulatinbliagdd VII1 11111 111111 M S WO 02/ 015277

PCT/ USQL1/ 255092 123 73. The nenory of claim 72 wherein said floating gate
conpri ses

123. The transistor of claim 122, wherein:
10 the transistor comprises an EEPROM;
the gate comprises a control gate; and
the at least one insulating layer is Jocated in 8 charge storage

region between the control gate and the channel.

15 124, The transistor of claim 123, wherein the charge storage region
comprises an ONO dielectric film or an insulating layer containing conductive

nanocrystals.

126. The transistor of claim 123, wherein the charge storage region
20 comprises:
a tunnel dielectric above the channel;
a floating gate above the tunne! dielectric; and

a control gate dielectric above the fioating gate.

25 126. The transistor of claim 123, further comprising:
sidewall spacers located adjacent to gate sidewalls and having

approximately the same height as the gate; and

* c L .} H *



nanocrystals. 74. The menory of claim 72 wherein said floating gate
conprises a 5 continuous silicon film 75. The nenory of claim 70 wherein
said first conductivity type is N type conductivity and wherein said
second conductivity type is P type conductivity. 10 76. A nenory
conprising: a first metal contact fornmed above a substrate; a silicon film
havi ng aWPilR8tS2Eonductivity type fornmed on said first petasolesmact and
form ng a Schottky junction with sdid¥d first netal contact; 15 a second
metal contact formed on said silicon filmand form ng a second Schott ky
junction with said silicon film a charge storage nmedi um adj acent to said

silicon film and i : | : ' e or,age nmedi um
20 77. The menory gf‘ I@%P%@fgg%gip Qﬁ%@g‘{gﬁm@ﬁ%‘@ﬁg{gﬁfgggﬁtﬁ conpri ses
an ONO f ididewaiBspdders Epadhovel the! stiuftd SndvardiRirbgIsAs Sarfd rﬁéhﬁhgrage medi um
conprises a first dielectric adjacent to said silicon film a floating gate
25 . adj ac approxmedely thersamel helgbt esitbe aidbvealbspmwers.di el ectric bet ween sai d
floating gate and said control gate. 1O11j 111111 Ui 211212 11 1111 L S
WO 02/ 015277 PCT/ USO1/ 25092 124 79. The menory of claim 78 wherein said

L ST RS A Fao el 10 512 O 1
78 wherein said finhé ga@ ik id Mhied JRSrd thesiddWRIE PRI GhidinkY -
intergate insulating layer; and
the gate line contacts tﬁe gate through an opening between the
sidewall spacers.
10
128. The transistor of claim 127, further comprising:
a first bit fine contacting the source region; and
a second bit line contacting the drain region;
wherein the first and the second bit lines are located under the
15 intergate insulating layer, and extend in a direction substantially perpendicular

to the source-channel-drain direction.

128. The transistor of claim 124, whergin the gate comprises:
a first portion contacting the charge storage region; and
20 a second portion above the first portion;
wherein the first and the second gate portions comprise

separately deposited layers.

130.  The transistor of claim 126, wherein:
25 the gate line comprises a word ling comprising a silicide layer
between two polysilicon layers; and .
the gate line is located directly on the intergate insulating layer

and top portions of the sidewal! spacers.

L



10 82. A nenory conprising: a first silicon filmhaving a first
conductivity type fornmed above a substrate; a first dielectric |ayer
formed on said first silicon film a second silicon filmof said first
conductivity type forned on 15 dielectric layer; a third silicon film
adjacent to and in contact with said first silicon film said first

di el ect rW@ 0818877 and said second silicon film wherein Bei/dsoizboord silicon
filmhas a second conductivity typd3®pposite said first conductivity type;
20 a charge storage nedium adjacent to said third silicon film and a
control gate adjacent to said charge storage nedium 83. The nenory of
claim 82 wherein said charge storage nediumis an ONO film 25 84. The
menory of claim 82 wherein said charge storage nmedium conprises a third

di el ectri c adpdcentThearaasistot bf thidi 1 23,00hbidinthagitedfid eangﬁké's gl [TT1111
hu h TILET TILID LD IIIT * CL MS WD 02/ 015277 PCT/ US01/ 25092 125

adj acent Werdslinewdigivisdself aligred tocthenchamnehandithl eharge rstorayet region. sai d
floating gate and said control gate. 85. The nenory of claim 84 wherein
said floating gate is forned from 5 nanocrystal s 86. The nenory devi ce of

cl ai m84 Wr ein s i t m silicon. 10 87. The
nenory deV| Ce of c a&ﬁq&%%@%@ﬁ% 'goé{lvg]é{ll rs '88@5" Y COMRPSI®e  is N type
conductivity twyplerang dmé@icauﬁaseﬂaﬁ&@&%&m@u&l& \éhEB{ IbVdCedmpfisingY P€
conductivity. 88. A nenory conprising: 15 a substrate; .
an array of TFT EEPROMSs, each TFT EEPROM comprising a channel, source
and drain regions, and a charge storage region adjacent o the channel region;
a plurality of bit fine columns in each device level, each bit line
10 contacting the source or the drain regions of the TFT EEPROMs:
a plurality of word line rows in each device level; and
at least one interlayer insulating layer located between the device

levels.

15 133, The array of claim 132, wherein: _
in at least one device level, the bit line columns are disposed on
an opposite side of TFT EEPROM channels from the word line rows;
the channel of each TFT EEPROM comprises amorphous silicon
or polysilicon:
20 the columns of bit lines extend subétantiaily perpendicular to a
source-channel-drain direction of the TFT EEPROMs:
each word line contacts the control gates of the TFT EEPROMs
or each word line acts as a control gate of the TFT EEPROMSs, and the rows
of word lines extend substantially parallel to the source-channei-drain
25 direction of the TFT EEPROM;;; and
word lines are self aligned to the con’crol‘gates of the array of

TFT EEPROMSs and the word lines are self aligned to the channel and the

* c L M S *



a first silicon filmhaving a first conductivity type and a first
concentration of said first conductivity type over said substrate; a second
silicon filmhaving a second concentration of said first conductivity type
on said first silicon filmwherein said second concentration 20 Is |ess
than said first concentration; a third silicon filmhaving a second

conduct i WPY/01eWe forned on said second silicon film PCTUSIIQS093t Or age
medi um adj acent to said second silid®n film and 25 a control gate

adj acent to said charge storage nedium 89. The nmenory of claim 88 wherein
sai d charge storage nmedium conprises an ONO film -11111111 1112112111, j1

LLLIL 11thirge btolMdRIRdR2 g7 RO HERPRENAD RoatdPdlBuy HiPrdBimBEY, O €l al m 88

wherein said charge storage device conprises a TIrst I C adj acent
to said sewdrbhesi |icon film a floating gate adjacent to said first
dielectric and a second dielectric between said floating 5 gate and said
control gate. 91. The nenory device of claim90 wherein said floating gate

is f d f tals. 10 . _The | f claim90 wh ' id

1 oat i ng. gat SRS 1 SRRAY, ol HelR 133 VNsaln <Pab shBkas §HOPORreliANGD wher ci n
oat i O =r T i 88 uhe

Second coodTARRY B OND aiele Mkl o APRRGRRAY el votedihg ' iElefve™

conpri si mahodrystdlgl e crystal silicon substrate having a plane; a dielectric
formed above said plane of said single crystal silicon 20 substrate; a
first contact forned on said dielectric;

135.  The array of claim 133, wherein each charge storage region
comprises:
10 a tunnel dielectric above the channel;
a floating gate above the tunnel dielectric; and

a control gate diefactric above the floating gate.

136. The array of claim 133, further comprising:

15 sidewall spacers located adjacent to sidewalls of the control
gates of the TFT EEPROMs, wherein the sidewall spacers have approximately
the same helght as the control gates; and

an intergate insulating layer which is located between the
sidewasll spacers above the source and.drain regions of the TFT EEPROMSs in

20 each device layer, and wherein the intergate insulating layer has

approximately the same height as the sidewall spacers.

137. The array of claim 1386, wherein:
the word {ines are located on the sidewall spacers and on the
25  intergate insulating layer in each device level; and
the word lines contact the respective TFT EEPROM control gates .

through an opsening between the sidewall spacers.

* c L M s *



a body forned on said first contact; a second contact fornmed on said body;
a charge storage nedi um adj acent to said body and wherein 25 read current
flows between said first contact and said second contact in a direction
per pendi cul ar to said plane of said substrate; and a control gate adjacent
to said charge storage medium [!'1I1HI 1I1I11 1QJF 11111 11 111 WO 021015277
PCT/ USOlwpaR@es277127 96. A nenory conprising: a first pPCT/HEHPIIESMRri sing a
first contact, a body on said firstl¥7contact, and a second contact on said
body; a second pillar forned above said first pillar said second pillar 5
conprising a third contact, a second body forned. on said third contact and

a fourth cont farmed on NS thébit lintk 1§ RACAYeYicy RYE Medi um
adj acent to s:fgg'fir eB’irFYﬁ;%llamsE%g'th%a% storageI medi um adj acent to

sai d_secong, fhhik@fails ARItnlxn8Uhidenussimibigets Isnlating lggems for med adj acent
to said firs charge storage nedi um and said second charge storage nmedi um

96. The nmenory-of claim95 wherein said first charge storage nedi um
conprise a filmcontaining nanocrystals. 15 97. A nenory conprising: a
first pillar co38wisThearayiofalaifbhe8cWheBody on said first contact, and

a second cbntact on said, body: a seca ' r !;{B%\dsé’;hﬁ%ﬁdﬁéidﬂ first
pillar 8aid second pﬁ'!q ralls %ﬁmﬁ‘ﬁ%{‘%b&gu{ﬁ\ﬁ% ontact, a second body
formed on saiidné,h*{&j contact and a fourth contact: formed on said body; a
first diel E&?"Y $¥6rned on the sidewalI's of said first pillar and said

second pillar; a nangs yeped sefidonduotoradgions aomnrisectbentFt BEBBOM i r st
dretectric source and drain regions in areas where the doped semiconductor regions are
" located adjacent to the TFT EEPROM channels.
10
140. The array of claim 132, wherein each control gate comprises:.
a first portion contacting the charge storage r?gion: and
a second portion above the first portion;

wherein the first and the second gate portions comprise

15 separately deposited layers.

141. The array of claim 132, further comprising word line contacts
and bit line contacts which connect the word Ifnes and the bit lines with

peripheral circuits located in a semiconductor substrate below the first device

20 level of the array.

142. The array of claim 141, wherein the word line and the bit line

_contacts extend between plural device layers.

25 143. The array of claim 132, wherein:
each memory cell comprises a TFT EEPROM; and

NG



25 adjacent to said first and second pillars; a second dielectric forned
adj acent to said nanocrystals; a first control gate formed adjacent to said
second dielectric ............... e e . adjacent to said first
pillar; and TLILELE FEEELE PRI 12122 11 1111 WO 02/ 015277 PCT1USOL/ 25092
128 a second control gate forned adjacent to said second dielectric

adj acentWOI28ERHW second pillar. 98. The nmenory of clai PPOIUSMI2sM2N sai d
first control gate and said 5 secdd¥ control gate are formed froma
continuous film P 99. A sem conductor device conprising: a nmonolithic

t hree di nensional array of charge storage devices fornmed 10 in an

aror phous or POl Yo aiehahbinly SATLRHY S abENFBYAL g P RERLS! 21 LI 0

sem conduct or substrate; river-c strate at

| east i n minirhubnfiatuid€izeahaN is dnukiber of dediceadyérs IRROHId fifeRsichy: 15
100, The sem conductor device of claim99, wherein the driver circuitry

conpri seengtwheesN>ohe of sense anps and charge punps formed under the
array In the substrate. 101. The sem conductor device of claim99, wherein
at | east one surface 20 between two successive device levels is planarized

by chem cal hani b shi .. 102. The sem conductor device of claim
101, %nerei nqtﬁﬁé af‘f’ggEggﬁbﬁ?ﬁé‘%ﬁé’ f or nore device levels. 25 103. The

sem conduct or devi geckdnnel;ai m 102 wherein each charge storage device is
selected froma group consisting of a pillar TFT EEPROM a pill ar
1111111111111111 Jadddreé: 11 (111 CL

a drain;
a tunneling Hielectric located above the ¢channel;

10 a floating gate located above the tunneling dislectric; _

' sidewall spacers located adjacent to the floating gate sidewalls;
a word [ine loocated above the floating gate; and |
control gate dielectric located between the control gate and‘
the floating gate;
15 wherein the control gate dielectric is located above the sidewall

spacers.

148. The EEPROM of claim 144, wherein;
the sidewall spacers extend to a top of the floating gate; and
20 the control gate dielectric is locatad on top surfaces of the

floating gate and the sidewall spacers.

146, The EEPROM of claim 144, wherein the floating gate extends
vertically above the sidewall spacers.
25
147. The EEPROM of claim 146, wherein the :ﬂoating gate extends
laterally above the sidewall spacars, such that the floating gate has a “T”

L

shape.



WO 02/ 015277 PCT/ USQOL/ 25092 129 diode with a charge storage region, a self
aligned TFT EEPROM and a rail stack TFT EEPROM 104. The sem conduct or
device of claim 103, wherein each |evel of array is 5 separated from

anot her |l evel of the array by a polished planar interlayer insulating

| ayer. 105. The sem conductor device of claim 104, wherein each device

| evel | sWOMREHAT? with respect to the adjacent device | epet/sso1h89206. A

t hree di nensi onal semni conductor deVi3%e conprising a plurality of device

| evel s, each | evel contains: an active sem conductor region; a charge
storage region; 15 a first electrode; a second el ectrode; and wherein a
first side of the active sem conductor region is aligned to a first side
of one of the first and the. second el ectrodes. 20 107. The sem conduct or
devi ce of cl d¥&. 106hevEERROM of dlaiwnd7sivdesrein:t he active seni conduct or
region is aligned to a second side of the other one of the first and the
second el ect rodes. thegontrpboatedielsntriscisdpcatediaver aftopl mirfaceCshd sider ei n: 25

t he acti ) uct ar. region comprises a vertigal pjllar including a

channel ,‘égrlzag% f:i’iqgﬁgf%%%% P@?Igpﬁx{ at??"res’ihea‘ﬂ%e‘“ﬁ’g SpRRYRUARY ect ?odes

contagt one of the L3l ' : . LI 211111 (11

COTE | OTF I T R Dte i 1Bl ikt GRE e SRS adiBdigrodiicr ok ]

\(lz\ﬁnpri seshat tat woell diobrapte as alddhtrol ate oftis® BEPROM, devi ce of cl ai m 107,
erein:

148. The EEPROM of claim 148, wherein a top surface of the floating
gate Is roughened or textured.
10 |
180.  The EEPROM of claim 144, wherein the source, the drain and.
the channel are formed in a polysilicon active layer, which is located above an

interlayer insulating layer, such that the EEPROM comprises a TFT.

16 161. A three dimensional memory array, comprising:
a plurality of vertically separated de}rice levels, each level
comprising an array of TFT EEPROMSs of claim 150;
a plurality of bit line columns in each device level, each bit line
contacting the source or the drain regions of the TFT EEPROMSs, and the
20 columns of bit lines extending substantially perpendicular to a source-
channel-drain direction of the TFT EEPROMS;
a plurality of word line rows in each device level, and the rows
of word lines exfending substantially parallel to the source-channel-drain
direction of the TFT EEPROMSs; and

25 at least one interlayer insulating layer located between the

device levels,

152. The array of claim 150, wherein: "!l‘“c‘\“l“l“ll“l‘!—“\!“



t he active sem conductor region conprises a vertical p-n junction pillar;

5 and the first and the second el ectrodes contact one of the p and the n
regions of the p-n junction. 110. A nethod of nmking a three di nensional
sem conductor device 10 conprising a plurality of device |levels, the nethod
of maki ng each device |evel conprises: form ng an active sem conduct or
regi on;, wWbeemisa®y a charge storage region; formng a firer/usiiesieode; 15
form ng a second el ectrode; and pat#&rning at | east two sides of the active
sem conductor region and a first electrode during a sane photolithography
step. 119. The nethod of claim 110, wherein the active sem conductor region

20 and a first ele | | nmet hod of
claim 111, further Q%%%F?fn%3%§gﬁﬁ a“abﬁ%tgg%%rﬁggn@%épgﬁéé ﬂo]%%ghe active
sem condyf#es of €% TFTUSEFRDMIsS 8A@Nd rrask 25 113. The nethod of claim 911,
wherein: the active sem conductor region conprises a vertical pillar

i ncluding a channghe bit lirmsrio eash diexicdrlavel corgprise rdil®virhichkiktddd 1 11J1 11111
Lt 1 rj1a 1111111 hill 11111111111 a s WO 02/ 015277 PCT/ US01/ 25092
131 -t he Yndegthexypraidesecond el ectrodes contact one of the source and the

drai ngregions; and further conprising formng a gate electrode. 5 114. The
nmet hog of claim11l, wherein: the active sem conductor region conprises a

vertical p=nqjg4ncti AR Ridy &f nonmgtllbhﬁelfnbffEel@%ﬁﬂﬁ!rﬁ@é&ﬂﬁmﬁ#&?téﬂdes

contact one of the p regions an
comprises a semiconductor device and each memory cell size per bit is about

{2f%)/N, where f is a minimum feature size and N is a number of device layers

in a third dimension, and whers N>1.

10
154. The array of claim 153, wherein:
the array comprises a monolithic three dimensional memaory
array, comprising a plurality of vertically separated device levels, where N> 1;
and |
15 the semiconductor device comprises a TFT EEPROM comprising

a channel, source and drain regions, and a charge storage region,

155. The array of claim 154, further comprising:
a plurality of bit line columns in each device.level, each bit iine
20 contacting the source or the drain regions of the TFT EEPROMSs, and the
columns of the bit lines extending sitbstantially perpendicular to a source-
channel-drain direction of the TFT EEPROMs;
a plurality of word line rows in each device level, and the rows
of the words lines extending substantially paraliel to the source-channel-drain
25 direction of the TFT EEPROMS; and
at least one interlayer insulating layer Iocated between the

device levels.

LI



the n regions of the p-n junction. 10 115. A sem conductor device
conprising: an active sem conductor region containing a channel, a source
and a drain region; a gate insulating layer; 15 a source electrode; a
drain electrode; and a gate electrode; wherein a first side of the active
sem conductor region is aligned to a side of the gate electrode only in

t he charW@I02p¥2T7 on of the active 20 sem conductor regiBCT/USHIES09The device
of claim 115, wherein the gate insd#hting |ayer conprises a portion of a
charge storage region. 25 117. The device of ‘cl aim 116, wherein the device
conprises a self aligned TFT incorporated into a nonolithic three

di nensi onal ay ' : : od of maki ng a sem conduct or
devi ce, conpﬂllégi ng?hWﬁga%%g&ﬁgﬁ%@%% 132 form ng an active
sem conduct or regf ee TEMEERROMs dupthansemnpriée 8okitrébgatesfaad drai n regi on;

formng a gate insulating layer; formng a source electrode; 5 formng a
drain el ectrode; the pluifity afaverd liges areaself glianedrtaithg combroy gated afer and

h d dr.ai ' he' h I ' f th ti
o cona e Seneabe T PEOAGME 1o e cbRanslrRGRRA NS Fesreoy AT The.
h ¢ e @ . . : ¢
7L 108 eI A 05 Bl REr Al Ao REpABR 001
located below the respective word lines. ’ :

187. The array of claim 156, wherein the TFT EEPROMSs further
comprise: '

10 sidewall spacers located adjacent to sidewalls of the gates of
the TFT EEPROMSs, whersin the sidewall spacers have approximately the
same height as the gates; and

an intergate insulating layer which is located between the
sidewall spacers, and above the source and the drain regions of the TFT
_15 EEPROMSs in each device layer, and wherein the.intargate insulating layer has

approximately the same height as the sidewall spacers.

158. The array of claim 157, wherein:
the word lines are located on the sidewall spacers and on the
20 intergate insulating layer in each device level; and
the word lines contact the respective TFT EEPROM contro! gates

through an opening between the sidewall spacers.

189. The array of claim 155, wherein the TFT EEPROMs further
256 comprise: floating gates located in the charge storage regions;

sidewall spacers located adjacent to sidéwalls of the floating

gates of the TFT EEPROMs; and

* 4 L M N *



the gate insulating |layer conprises a portion of a charge storage region.
15 120. The nethod of claim 119, further conprising formng a nonolithic

t hree di nensional array of charge storage devices, which includes the
patterned active sem conductor layer. 20 121. Afield effect transistor,
conprising: a source; a drain; 25 a channel; a gate; at |east one

i nsul at i PA1&F 7 bet ween the gate and the channel ; and ptiisbidshdzl 111 11111
~liii 1l 11j * CL 14 S WD 02/01527¥2PCTNS01/ 25092 133 a gate |ine which
extends substantially parallel to a source- channel-drain direction and

whi ch contacts the gate and is self aligned to the gate. 5 122. The

transistor of clai rarlfitergdhe IiularirRFlayeneson i ﬁcé’t”eai t@/3dn ¢hge channel are

formed in a polysilicon active layer, which is |ocated above an interlayer
i nsul at i ngidpwiplispate®, afidebavarthiestonorceoand lisd Bral? Pegivhe beitms TFFO t he

transisto ises an EEPROM the gate conprises a control gate; and the
at | east %ﬁéﬁ%ﬂ"a‘ﬁ PSR laves nst in ghe intargage insubatirgelayeehasn

bet t l, . 124. The, t i st f clai
155 Cuher SoprRthidly 8 Exflheldl S tew il sp&tsAING i el ect i C (i1 or
an | sl ating | ayera sontral GBGiERBA okl fd AR Hidlhdan Lhfserd M

transi stor of claim123, erein the charge storage redgi
the intergate insulating layer and below the word lines.

160. The array of claim 159, wherein the floating gates extend
vertically and laterally above the sidewall spacers, such that the floating
10 gates have a “T" shape.

161. The array of claim 155, further comprising word line c;ontacts
and bit line contacts which connect the word lines and the bit lines with
peripheral circuits located in a semiconductor substrate below the first device

15 level of the array; and

wherein the bit line contacts extend between plural device

layers.

182. A method of making an EEPROM, comprisiné:
20 providing a semiconductor active area; |
forming a charge storage reglon over the active area;
fo::ming a conductive gate layer over the charge storage region;
patterning the gate layer to form a control gate overlying the
charge storage region;
25 doping the active area using the control gate as- a mask to form
source and drain regions in the active area; '
forming a first insulating layer above and adjacent to the control

* [ L M S *

gate;



2Q conprises: a tunnel dielectric above the channel; a floating gate above
the tunnel dielectric; and a control gate dielectric above the floating
gate. 25 128. The transistor of claim 123, further conprising: sidewall
spacers | ocated adjacent to gate sidewalls and having approximtely the
sane height as the gate; and | I'111lj 111121 111J1 212112 11 1I'11 L WO
02/ 015277V PE918861/ 25092 134 an intergate insul ating | acEvusolbshe i S

| ocat ed adj acent to the sidewall sp¥cers and above the source and drain
regi ons, and which has approxinmately the same hei ght as the si-dewal |
spacers. 5 127. The transistor of claim 126, wherein: the gate line is

| ocat ed above the séxjiismg -ai’ca?(ifé"rﬁoﬁaﬁtﬁé‘&onﬂr&tﬁtg%%ﬁh&'ﬂéU' ating layer; and

the gate |line contacts the gate through an opening between the sidewall
spacers. Photolittgraphictmasidngtand of claim 127, further conprisi ng: a first
bit line contacting the source region; and a second bit |ine contacting
the drain region:; Eiha (Wierd linessoniaating thes expaasdiiop ponties ofribel ocat ed

under thegokPoll d4t8" | Lo | ayer nd extend in a direction
substanti al | yo p%p’eﬁ%élrgmégrstﬂb%b{%@es%Lﬁeafe@@ﬁ'ﬁﬁﬁgltgal"éi”ﬁ’ digatdt i on. 129.
The tr&nsistor of claim 124, \Werein the gate conprises: a first portion
contacting the charge storage region; and 20 a second portion above the

first portiontB83wnerBinmtetkod of staimts2,hiurthes eBehpdigiry: Por ti ons conprise
separately deposited | ayers. 130. The transistor of claim 126, wherein:
forming a blocking layer above the gate layer;
patterning the blocking layer during the step of patterning the
gate layer;

10 forming sidewall spacers adjacent to the control gate and the

blocking layer sidewalls.

164. The methad of claim 163, wherein: ,
the blocking Iéyer comprises a different material than a materi.al
16 of the sidewalil spacers and a material of the control gate;
the step of exposing the top portion of the controi gate
comprises plénarizing the first insulating layer to expose the blocking layer
and selectively removing the blocking layer from between the sidewall
spacers to form a gate contact via; and
20 the step of forming a word line comprisas depositing the ward
line over the first insulating laver and in the gate contact via, such that the

portion of the word line in the gate contact via forms a fop portion of the
controi gate.

25 166. The method of claim 162, wherein the word fine is formed on
the first insulating layer such that the word line has a‘substantially planar

* upper surface.

T



25 the gate line conprises a word line conprising a silicide |layer between
two polysilicon layers; and the gate line is located directly on the
intergate insulating layer and top portions of the sidewall spacers.
Frererp et reeer reerr e il L MS W 02/015277 PCT/ USOL/ 25092 135
131. The _transistor of claim 123, wherein the gate |line conprises a word
li ne whi CHOP¥ISEt a1 igned to the channel and the char gecarusvagwes egi on. 5
132. A three di nensional nonvol atil é¥device array, conprising: a plurality
of vertically separated device |levels, each |level conprising an array of
TFT EEPROVE, each TFT EEPROM conprising a channel, source and drain

regi ons, and B6@hargike shsthad ®f PP Ne2divefdlh: t O the channel region; a
plurality of bit line colums in each device level, each bit line 10

contacting the soure sieptdfesxpoaing thegiopnsortibn ithd tonkBPRAY: a plurality
of word line rows jn each device level; and at |east one Interlayer

i nsul at i n§CTRYE?S P 1gkpg &hinsylating\lpver to) expsise theéwod®l gibe array of
claim132g4qherein: in at |east one device level, the bit Iine colums are
di sposed on an opposite side of TFT EEPROM channels fromthe word.line

oLy |1 aon 30 1 ho mal i e MR SR ABERPANS TrbosiHn por

polysilloon; 20 the colums of bit |ines exten endi cul ar

to a southeewordlinelover fhe ficktrinstlating lyet/suchthaE RS Mot AR oiiisdd! | N
contacts the @ontrol gates of the TFT EEPROMs or each word line acts as a

control o8¥UTYi¥atRe TET EEPROME, and the rows . of word |ines extend
substantially parallel to the source-channel-drain 25 direction of the TFT
EEPROVE; and word lines are self aligned to the control gates of the array

of TFT EEPRQéy7.andrid'getRéd of ciifm 765 whbfeift!  gned to the channel and the

10 the step of providing the active area comprises forming a

polysilicon active layer over an interlayer insulating layer;
the step of forming the charge storags region comprises forming

an ONO disfectric film or an insulating layer containinlg conduc*tivé
nanocrystals; and |

16 the step of forming the word line comprises depositing at least
one conductive layer over the first insulating layer and the exposed control
gate, forming a first photoresist mask on the at least one conductive layer,

and etching the at least one conductive layer to form the word line.

20 188. The methed of claim 167, further comprising etching the active
area and the charge storage region using the word line as a mask, such that

the word line is self aligned to an EEPROM channel and the charge storage

region.

25 188. The method of claim 168, further comprising:

forming sidewall spacers adjacent to the control gate sidewalls;

forming a metal laysr over the control gate, the sidewal! spacers

* c L N S *

and the doped source and drain regions;
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charge storage regions of the TFT EEPROVs | ocated bel ow the respective
word lines. 134. The array of claim 133, wherein each charge storage region
5 conprises an ONO dielectric filmor an insulating |ayer containing

conduct i nanocrystals. 135. The array of claim 133, wherein each charge
st or age Xﬁ%%ﬂsné'orrpri ses: 10 a tunnel dielectric above rdrasoivasape! ; a
floating gate above the tunnel dieléric; and a control gate dielectric
above the floating gate. 136. The array of claim 133, further conprising:
15 sidewal | spacers |ocated adjacent to sidewalls of the control gates of

the TFT EEPROV, whieesiny tHeenmtalqumpdrl toSoARahstal NRidRRREYH lthe the same
hei ght as the control gates; and an intergate insu‘ ati ﬁggﬂs@ee?t\}/‘\ﬁi ch is

| ocat ed bEPWERPNdrdrainregiors;ianthacer s above the source and drain regions of
the TFT EEPROVE in %0 eaegh device |ayer, and wherein the intergate
clagiively rempring thadnetahiavee frigm the sidewsdl stmeatd. spacer s.

I nsul ating | ayer ha¥
137. The array of cladaim136, wherein: the word lines are |ocated on the
sidewal | spacers and on the 25 intergate Insulating |ayer in each device

| evel ;5 and t heZQvor dThe ReRhe @ F aldim 89! &PBfRShd ve TFT EEPROM control gates.
t hrough an openi ng between the sidewall spacers.

1111111111111111111’(1131dﬂmtl15ﬂmcéaﬁdldr&ih&eﬁﬁn@%ﬂlﬁ%?ﬁud?@/rég}ggé25092 137
138. The arra oL, q!l aim lll_?,?, wherein the bit lines in each device |evel
comprise bit lines which extend substantially perpendicular to a source-

channel-drain direction; and

the word line extends substantially parallel to the source-

10  channel-drain direction.

171.  The method of claim 170, wherein the step of forming a
pol#si[icon active layer comprises:
. forming an amorphous silicon layer or a polysilicon layer;
15 heating the EEPROM after forming the metal layer to

recrystailize the amorphous silicon layer or the polysilicon layer using the

metal layer as a catalyst.

172,  The method of claim 162, whersein the EEPROM is formed using
20 two photolithographic masking steps. |

173. A method of making an EEPROM, comprising:
providing a semiconductor active area;
forming a tunnel dielectric layer over the active area;
25 - forming a conductive gate layer over the tunnel dislectric layer;

patterning the gate layer to form a ﬂoatiﬁg gate overlying the

* [+ L M H] *

tunnef dielectric layer;



conprise rails which extend under the Intergate insulating |layer. 139. The
array of claim 138, wherein: 5 the rails conprise silicide |ayers over
doped sem conductor regions; and the doped sem conductor regions conprise
the TFT EEPROM source' and drain regions in areas where the doped

sem conductor regions are |ocated adjacent to the TFT EEPROM channels. 10
140. The Vé@ P2815257 cl ai m 132, wherein each control gate ®OTFS0E2%92 a first
portion contacting the charge storad® region; and a second portion above
the first portion; wherein the first and the second gate portions conprise
15 separately deposited |ayers. 141. The array of claim 132, further

conpri si ng word |1 ng,diegtRe betivée Bfealidin &néﬂsaﬁﬁ@a}a@e %hghaaem&smthe wor d

lines and the bit linesTwith peripheral circuitSlocated in a
senm condusduree Sndsdraint eegidisoin thecadtivesdreatevi ce 20 | evel of the'array. 142.
The array of claim 141, wherein the word line and the bit line contacts
ext end between pl urferméng sidewelanesersomijiaormt tgithe floatingrate isidewalln
wherein: each nenory cell cgonprises. a TFT EEPROM, apnd | O | j
LLLTE T TL T 1T 1T 1 ormipesa fEFomeniading Jayse §6ff‘2'5‘?f8§°°“?§%‘§ch menory cel |
si ze r Blyk.aj ' omonk mum feature size and Nis
a nunb%:r %P Ia\aig}ﬁ/is@:leégiéasyé:?{@é&%t%?éﬁcgiahén@'fau(l;n”?elﬁgn “where N> 1 6 144. An
EEPROM conpri si ng: foiniidBintrod gatd dieRctri®ladepbver the floating gate; and

forming a word line over the control gate dielectric and over the

first insulating layer.

10 174. The method of claim 173, further comprising:
forming a blocking layer above the gate.layer, where the
blocking layer comprises a different materiai than a material of the sidewall
spacers and a material of the gate layer;
patterning the blocking_layer during the step of patterning the
15 gate layer;
forming the sidewall spacers such that they are located adjacent
to the blocking layer sidewalls in addition to being formed adjacent to the
floating éte sidewvalls; '
planarizing the first insulating layer to expose the blocking layer:
20 selectively removing the blocking layer from between the sidewall
spacers to form a gate contact via;
forming the control gate dielectric in the gate contact via; and
forming a control gate in the gate contact via above tha control
gate dislectric by depositing a portion of the word line in the gate contact via.
25
175. The method of claim 173, further compfising:
planarizing the first insulating layer to expose a top portion of

the floating gate;

g



a tunneling dielectric |ocated above the channel; 10 a floating gate

| ocat ed above the tunneling dielectric; sidewall spacers |ocated adjacent
to the floating gate sidewalls; a word line |ocated above the floating
gate; and a control gate dielectric | ocated between the control gate and
the floatin ate; 15 wherein the control gate dielectric is |ocated above
t he sideﬁ%?ﬂyg§ﬁ€cers. 145. The EEPROM of cl ai m 144, whexcaiwsoitdeez si dewal |
spacers extend to a top of the floatthg gate; and 20 the control gate
dielectric is |located on top surfaces of the floating gate and the
sidewal | spacers. 146. The EEPROM of claim 144, wherein the floating gate

ext ends VertiC&'|W0Wtﬁd160r&i&€§‘ﬁé|die‘i9&ﬁﬁro§/ery i indEnf Ay Of claim

146, wherein the floating gate extends |ateral ove I
spacers, eYRitherridewhlt sphcasiang mer chddlvating Gate;diape. 111 11j WO 02/ 015277
PCTI USQLl 25092 139 148. The EEPROM of claim 147, wherein: the control gate
dielectric is | ocatfeimigtheswors line ovear theasentrdl ste sislécitiesueh thae f | oat i ng

gate whi cf e e. skdewal | ac X d 5the word line is

| ocat ed oveef\;s%’ﬁde]ﬁ%%%%so?é ga'*'fé'l‘%?@Ptec?fﬁ& Eé@%ﬂmt hat the word |ine acts as
a contgyol gate of the EEPROM 149. The EEPROM of claim 146, wherein a top

surface of the floating gate |Is roughened or textured. 10 150. The EEPROM

of clai m 144,1%her éihe tiethsduf chim! TS, dufiher 88mprisii@ FERANGEAR @ ge,form%‘d in
a po[ysilicon active |layer, which is |ocated above an Int err} a9 r

i nsul at i rRPrHape the floating-gaterwhishrromdsoverticalbs and FHtérally above the
sidewall spacers.

10 177.  The method of claim 176, further comprising forming a

hemispherical grain silicon upper portion of the floating gate.

178. The method of claim 177, further comprising roughening an

upper surface of the upper portion of the floating gate,
15

179. The method of claim 173, further comprising:

forming @ metal layer over the floating gate, the sidewall spacers

and the doped source and drain regions;

heating the metal layer to form metal silicide regions over the

20 source and drain regions; and

selectively removing the metal layer from the sidewall spacers.

180.  The method of claim 179, wherein:
the doped source and drain regions and the sliicide regions
25 comprise bit lines which extend substantially perpendicular to a source-

channel-drain direction; and

the word line extends substantially parallel to the source-

L

channel-drain direction.



16 151. A three dinensional rrermry array, conprising: a plurality of
vertically separated device Iev each level ~conprising an array of TFT
EEPROMs of cl ai m 150; a pl urall "ﬂ "' Mﬁ | ums in each device |evel,
each bit line contacting the s n regions of the TFT
EEPROVE, and the 20 col umms of bit |nes extendl ng substantially

perpend| NP A035377a source- channel -drain direction of theCTTEshLAERROVE; a
plurality of word line rows in eachld#bvice level, and the rows of word

| i nes extending substantially parallel to the source-channel-drain
direction of the TFT EEPROVs; and 25 at |east one interlayer insulating

| ayer | ocated between the device levels. ------------- 152. The array of
claim 150, wherein: I ™11l it "1 1rtuillr 111 CL S W 021015277

PCT1US01/ 25099811 40A¢ inetvast of formisg arroraeldtil@manes drvay r@o,ﬁpﬁﬂﬁgl s and the
floating gates of the TET EEPROVs; and the bit lines in each I ce | evel
conprise rails whic rHing AFerinaRdlatap agtivellayenes. 5 153. An array of

nonvol ati |l e nmenory menor conprises a

sem conduct or devi cg&% gg\ggr Erﬂas%aﬁy\ggl@ l4d gY%et?‘Be@t‘HPt'aY%!': about {2f )1N,
where 5 is a m ni nufBrhfiag &' Rul fl f Vi Layers in a
third di nension, and anée FﬁlZl Iﬁ?o ? J\E&?ﬁgég%gpgﬂ' %f:rg? Si'ga:f %erel n:

t he arraylﬂvcn:prl ses a nonolithic three di mensi onal nmenory array,

conprising a plurality of vertically separated device levels, where N> 1;
and 15 the seni condﬁ‘é@'ﬁﬂ theactive dayesisingsthe gate dHEAtRAMSCASTThask D

form a plurality of source and drain regions in the active layer, and a plurality
of bit.iines extending substantially perpendicular 10 a source-drain direction:
10 forming a second insulating layer above and adjacent to the gate
electrodes and above the source regions, drain regions and the bit lines:
planarizing the second insulating layer; and
forming a plurality of word lines over the second insulating layer

extending substantially parallel to the source-drain direction.

15
182. The method of claim 181, wherein each cell of the memory
device comprising a gate electrode, a source, a drain, a channel, a portion of
a word line and portions of two bit lines, is made using only two
photolithographic masking steps.
20

183. The method of claim 182, further comprising:

forming sidewall spacers adjacent to the gate electrode
sidewalls;

forming a metal layer over the gate electrodes, the sldewall
25 spacers, the doped source and drain regions and the bit lines;

heating the metal layer to form metal sili.cide regions over the

source and drain regions and the bit lines; and

selectively removing the metal layer from the sidewall spacers.



a channel, source and drain regions, and a charge storage region. 155. The
array of claim 154, further conprising: a plurality of bit line colums in

each device level, each bit Ilnfunm"ummmllmlthe source or the drain
regions of the TFT EEPROMs, and the bit |ines extending

subst ant i “!):3%/’ per pendi cul ar to a ‘solrce- "chdnnél -drain direction of the TFT

EEPROVE; P21ty of word line rows in each device | excaysoaeshos he rows
of the words lines extending substadff ally parallel to the

source-channel -drain 25 direction of the TFT EEPROMs;i and at | east one
interlayer insulating |ayer | ocated between the device levels. 111,1 11
1111 L MWD 02/ 015277 PCT1USOL/ 25092 141 156, The array of claim 155,
wherein: the TFT EEPROVsE further conprise control gates; and the plurality

of word |inesT8fe s&he raethgdesf ¢lain 18 1¢ evtisrahn mtg%&e%iectH&Wé ve TFT
EEPROVE, # gﬁpchann | regions of the respective TFT 5 EEP , and to the
char ge st EB EGNYice ogtes and Hhajrsulating layer cempmniids arl EEBROM bRhigy t he
respecti verdia Qrééigﬁs' 157. The array of claim 156, wherein the TFT EEPROVs
further conprise? 10 sidewali spacers |ocated adjacent to sidewalls of the
gates 8f the TFT EEPROMs, wherein the sidewal |l spacers have approximtely
the sanme height as the gates; and an intergate insulating |ayer which is

| ocat ed bet wek85t¢ heTheimiethekofapaine’ 84, WibrainaKe v M&\C\ﬁé &fd the drain
regions of,.the TFIT 15 EEPROVs in each device |ayer, and erein the

i nt er gat e 2984 10 the,conifel9atgs. approximately the same height as the
si dewal | spacers. 158. The array of claim 167, wherein: the word lines are
| ocated on the sidewali spacers and on the 20 intergate insulating |ayer

in each devi cpgéevelhs #¥thod of claim 181, wherein the gate electrodes comprise

10 EEPROM floating gates and the insulating layer comprises a tunne! dielsctric

layer.

187. ' The mathod of claim 181, wherein the step of forming the word
lines comprises depositing at lsast one conductive layer over the second
15 insulating layer, forming a first photoresist mask on the at least ons

conductive layer, and etching the at least one conductive layer to form the.

word lines.

188.  The method of claim 187, further comprising etching the active
20 layer and the first insulating layer using the word line as a mask, such that

the word line is self aligned to a plurality of EEPROM channels lt;cated in the

active layer between the source and drain regions.
189.  The method of claim 181, further comprising forming an
25 interlayer insulating layer over the word lines and forming at least one

additional device level of the array over the interlayer ‘insu!ating layer.

190. The method of claim 189, further comprising:



the word lines contact the respective TFT EEPROM control gates through an
openi ng between the sidewall spacers. 159. The array of claim 155, wherein
the TFT EEPROVs further 25 conprise: floating gates |located in the charge
storage regions; sidewall spacers |ocated adjacent to sidewalls of the
floating gates of the TFT EEPROMs; and 111111 1112121 HIL LELEE 11 1lls
WO 02/ 015%D02a127PCT/ US01/ 25092 an i ntergate |nsul ati ngPCEYSIL2MMch i s

| ocat ed between the sidewall spacersl®and above the source and the drain
regions of the TFT EEPROVE in each device |layer, and wherein the intergate
i nsulating | ayer has approximtely the sane height as the sidewa!l :

spacers; and 5 a CORbfRIngdatrstlig i ehd sécdriRCRtadtAg MnRridiRedidg8ld spacers
and the intergate insulating |ayer and bel ow the word |ines. 160. The

array of cliatnwwdrdr bibingi n the fl oating gates extend vertically and
| ateral |y above the sidewall| spacers, such that the floating 10 gates have
a "T" shape. 161. THerminggt lspstrrg sendstivelpysreandonpri sing word |ine

t act d bit li tact ' t . Lh d.li .the bit
[ nes w th peri pherP R g eI BUET GG VA 20 Ler AgHUUP T AR FSBe bel ow
the finst | : | , ' | ' tact
ext end et Se P o e A o I e e e oo

conpri si NgsontaBtsPEtONks tile of SesrpReality wfahe avdridver bit éines tirooighaha firkar ge
storage region over the active area; formng a conductive gate |ayer over
t he chargevigt orage regi 6n; patterning the gate layer to forma control
gate overlying the charge storage region; 25 doping the active area using
the control gate as a mask to form source and drain regions in the active

area; formng Tss{li rsf-hé' mhg& io?g:léiﬁy?éo,a\gﬂ&eeirﬂ”d adj acent to the control

10 the first via extends through the interlayer insulating layer in
addition to extending.through the second insulating layer; and
patterning the at least one conductive layer c;omprises forming a
plurality of word line contact layers in an N+ 1st level of the array and
forming at least one word or bit line contact layer in the Nth level of the

15 array.

192. The method of claim 189, further comprising activating the
doped source and drain regions in a plurality of device levels of the array
during a same annealing step.

20

193. The method of claim 189, further comprising recrystallizing the

aétive tayers in a plurality of device levels of the array during a same

* annealing step.
25 194. The method of claim 183, further comprising activating the

doped source and drain regions in the plurality of devfce levels of the array

during the same annealing step as the recrystallizing step.

T



gate; 1111111212121 (1E11 222122 11 1111 WO 021015277 PCTIUSO1/2.;092 143
exposing .a top portion of the control gate w thout photolithographic

maski ng; and formng a word Iine contacting the exposed top portion of the
control gate, such that the word line is self aligned to the control gate.

5 163. Tt\g; r@h&g& of claim 162, further conprising: formng a blocking

| ayer abo e ate layer; patterning the bl ocking | ayepcTiusoingnet he step
of patterning the gate layer; 10 fdlsﬁi ng sidewal | spacers adjacent to the
control gate and the blocking |ayer sidewalls. 164. The nethod of claim

163, wherein: the blocking |layer conprises a different material than a

material 15 ©951 heAsmdevgl bf GARERS 8n EEﬁR@NFEhs{,jr%mgpi?@ge control gate;
0 a

the step of exposing the top portion of the con “conprises

pl anari zi ng the firerovdisglassemigohdyetor botiexpaze t he bl ocking | ayer and
sel ectively rermvi.n%, t he bl ocking |ayer from between the sidewall spacers
to forma gate contICPVRY 8. Pluralityof dimmy blecks aboverithg aativemged;i ne

conpri ses depositing, he first insulating |ayer and in

the.gate contact vi a,ﬁigggﬁgia%g%’ytaa% 8%%&5}‘8#”8?’“? 26§36 airpaski 10 t he gate

contacs viarn sodeserdaraOrdioRs Bf tdifenedbho! gate. 25 165, The nethod of
claim 162, wherein the word tine is forned on the first insulating |ayer

such that the word forminghan intesgaretinilitihgd Javel aBave awmgéttﬁ%idf

1111111111111 | u I k 11112 11 111 WD 02015277 PCT/ USO
ummy blocks;

planarizing the intergate insulating layer to expose top portions
of the dummy blocks:

10 selectively removing the'dummy blocks from between portions
of the planarized intergate insulating layer to form a plurali.ty of vias between
the portions of the intergate insulating layer; '

forming charge storage regions over the active area in the
plurality of vias:

15 forming a conductive gate layer over the charge storage regions;

and

patterning the conductive gate layer to form a control gate

overlying the_ charge storage region.

20 196. The method of claim 195, wherein the charge storage regions

comprise an ONO dielectric film or an insulating layer cantaining conductive
nanocrystals.

197. The method of claim 195, wherein the charge storage regicns

25 comprises a floating gate between a tunnsel dielectric and a control gate

I

dielectric.



166, The nethod of claim 162, wherein: the step of exposing the top portion
of the control gate conprises planarizing the first insulating |ayer to
expose the control gate; and 5 wherein the step of formng a-word |ine
conprises depositing the word line over the first insulating |ayer, such
that it contacts the exposed control gate, 167. The nethod of claim 162,
wherei n: W®®E2ZT ep of providing the active area conpri BewUSew2sdazg a

pol ysilicon active |ayer over an int®®l ayer insulating |ayer; the step of
form ng the charge storage region conprises formng an ONO dielectric film
or an insulating |layer containing conductive nanocrystals; and 15 the step

of Lorm ng thas@r d tevmeRsmr sRindram herdih Ho Ry bRR%s ORI Vo
at e,

| ayer over the first insulating.layer and the exposed ‘control

fornmi ng a FPEGYP siimsronigddest mask on the at | east one conductive |ayer, and
etching the at | east one conductive layer to formthe word |line. 20 188.
The nmet hod of claim 167, further conprising etching the active area and

t he charge st e Heql i d line as mask,. spych that the
word line is g?i@? alﬁnﬁgtﬁd gﬂ"%_ﬁﬁ%’c‘ﬁéﬂ'ﬁm E.!fn%"?ﬁy E‘_ﬁ&E@&%’tFﬁF&ge

regi ons 25 %ﬁieTﬂ%diﬂhﬁﬂde@fatéhﬁﬂ@ﬂr%?ectf\ﬁérihﬂﬂéﬁﬁ%qve'r.s' ng: formng
sidewal | spacers adjacent to the control gate side I's; formng a netal

| ayer over the control gate, the sidewall spacers and the doped source and

drain regions; 11111111 111111 PPl 11111 111111 c L n WO 02/ 015277
PCT/ USOL/ 25092001 45 Theamethpd sk cleirdl 29, fueher compriringdioamirgusidedalir egi ons

f)\ésrertPfoﬁ%ﬁé@?@%‘k&%%&%@%ﬁéf"ﬁ% l?lggkss.el ectively renoving the netal
10 201. The method of claim 195, wherein:
the active arsa comprises an amorphous silicon or polysificon
layer formed over an interlayer insulating layer; and o
the dummy block material is deposited at a temperature helow
600 °C. '
15
202. The method of claim 201, further comprising:

forming a metal layer over the dummy blocks and over exposed

source and drain regions in the active area;

annealing the metal layer to form silicide regions over the source

20 and draln regions; and

selectively removing unreacted portions of the metal layer

remaining over the dummy blocks.

203. - The method of claim 202, further comprising recrystallizing the

25 active area using the silicide regions as a catalyst.

R



5 170. The nmethod of claim 169, wherein: the doped source and drain regions
and the silicide regions conprise bit |lines which extend substantially

per pendi cul ar to a source- channel-drain direction; and the word |ine
extends substantially parallel to the source- 10 channel -drain direction.
171. The %to%gsﬁ%[ claim 170, wherein the step of forming a polysilicon
active |ayer rises: formng an anor phous silicon | ayrcT/usoizs@al ysilicon
| ayer; 15 heating the EEPRCNIafter3$6rning the netal |ayer to
recrystallize the anmorphous silicon |layer or the polysilicon |ayer using
the netal layer as a catalyst. 172. The nethod of claim 162, wherein the

EEPROM i s f or #94&- usiTing mathddiof plairh G602 ReBsRRMY L 0 73. A
met hod of eki ;H Em EEPROM conpri si ng: proWéﬁnégm%&%gﬁq@%%gémlrseact ive
area; for RYNGALT iIngmwhishe pxtandi io 4 diyegticovsubstéretizllyt petpeidiediar 25 &f.07 M Ng a

conduct i veegad . the tunnel dielectric layer; patterning the
gate | ayer °t 0 eﬁgjr%yazﬁ fjﬂég{'?'ﬁ'g gate overlying the tunnel dielectric |ayer;
|1

1111112112212 3" 1 | | 11111 C L S WD 02/015277 PCT/ USOL/ 25092 146
doping _the active area using the floating gate as a mask to form source

and drfin regPOhs i Thetmethod ofeclaineand), QiHErE® i | dj acent to
the floati nﬂg ate sidewalls; formng a fi rrst ?ﬁ%ﬁ%@t"kﬁ%@ﬁé? t§Bove and

adj acent 8 g gateclayer comptees faminglaqilearalibyeof 65KGS! Gétds Gh the ' egi ons;

formng a ate dielectric layer over the floating gate; and
f or m ng av\%gp%ﬁq%en eo‘g'lﬂ'g?ﬁ BgRredrng and fameingo piralitpcbfoverd liss first

| nsul ati ngbbdy Me intergate insulating layer.

10 206. The method of claim 185, wherein each charge storage region
contains a first horizontal portion above the active area in the via, vertical
portions In the via adjacent to the intergate insulating layer sidewalls, and a

second horizontal portion above the intergate insulating layer;

15 207. The method of claim 195, further comprising forming an

interlayer insulating layer over the EEPROM array, and forming at [east one

more EEPROM. array. above the interlayer insulating layer.

208. A method of forming a TFT EEPROM, con;rprising:
20 forming a TFT EEPROM comprising an amorphous silicon or a
polysilicon active layer, a charge storage region and a control gate;
providing a crystallization catalyst in contact with the active
layer; and

heating the active layer after the step of providing the catalyst

25 to recrystaliize the active layer using the catalyst,

209. The method of claim 208, further comprising:

I



10 174. The nethod of claim 173, further conprising: form ng a bl ocking

| ayer above the gate.layer, where the blocking |ayer conprises a different
material than a material of the sidewall spacers and a material of the
gate layer; patterning the blocking |ayer during the step of patterning the
15 gate I,@,%S%@me ng the sidewall spacers such that they are | ocated

adj acent %8 ocking | ayer sidewal|s in addition top&EUsGEeeed

adj acent to the floating gate sidewWdfls; planarizing the first insulating
| ayer to expose the blocking layer; 20 selectively renoving the bl ocking

| ayer from between the sidewall spacers to forma gate contact via;

form ng the control fomhing pluesiityioF d ; 1.3, _an formng a
control gate in the gategcoﬂt actvvi éjrg%%%amg‘é@ﬁ%gg“é’%ﬁ@e&‘«%‘i"sctri c by
deposi ti ng®¥erp8Adi on of the word line in the gate contact via. 25 175. The
met hod of claim 173, fyrther conprising: planarizing the first insulating
layer to expose a t BFPYidingithe wystallization catalyay inta the ¢rystallizhtion hl i |1 1] |
11111 ~~ Idihbolyvss WO 02/ 015277 PCT/ USQ1/ 25092 147 forming the control gate
dielectric over the first insulating |layer, over the sidewall spacers and
over the floating gate; and form ng the word |line over the control gate
dielectric such that the word |line ants as a control gate of the EEPROM 5

176. The net hdd0of Thaimethod, off clainh209¢ ovibiinithe shéy BF ngcﬁger portion
of the flag ti@s&ate whi eh extends vertically and l-aterally above the
si dewal | ?ﬁﬁe ot anystaiizatipRawvingdomeicompdses:m 176, further conpri sing
formng a forming an insulating layer above the TFT EEPROM: and

patterning the insulating layer to simultaneousiy form

10 crystalllzation window boundaries and sidewali sbacers.

211, The mothod of claim 210, wherein the sidewall spacers are

.- formed on a sacrificial gafe.

15 212. The method of claim 21 1, further comprising:
removing the sacrificial gate; and

forming the charge storage region and the control gate after

removing the sacrificial gate and after the step of heating.

20 213. The method of ¢laim 208, wherein the catalyst compriées Ni,
Ge, Mo, Co, Pt, Pd or a silicide thereof.

214.  The method of claim 208, further comprising:
forming source and drain regions in the activa layer;

25 forming a metal sliicide crystallization catalyst in contact with

the source and drain regions; and

recrystallizating the active layer using the mestal silicide as the’
_ orystallization catalyst.

[0y I"jl A



hem spherical grain silicon upper portion of the floating gate. 178. The
met hod of claim 177, further conprising roughening an upper surface of the
upper portion of the floating gate. f5 179. The method of claim 173,
further conprising: formng a netal |ayer over the floating gate, the

si dewal | ?Rﬂﬁﬁ#éf7and t he doped source and drain regions; heating the netal
| ayer to form al silicide regions over the 20 sourcepreniseiizbgd I €gi ons;
and sel ectively removing the metal |®yer fromthe sidewal | spacers. 180.
The met hod of claim 179, wherein: the doped source and drain regions and
the suicide regions 25 conprise bit |lines which extend substantially
perpendi cul ar to a source- channel-drain direction; and the word |ine

ext ends subst&a?iall parallel to the source- channel-drain direction.
LELEEi T 14291 v method pf formings: tred dirterisianal ertdyl 6f THFIEEPRGML! 1| ~ N

s WO 02/0 4 U 25092 ,148 181. A nethod of forming a nonvol atile
menory ar SOZ%H'EE%#T ?\9% or G‘?’BPH?'H& a sem conductor active layer; formng a

first insulating la td laver:. formn plurality of gate
el ectrodes over theyﬁr?igyealrtrléu aﬁn'é)(&’agﬁpe(msu%ﬂg%ygm&%'FhﬁeTFéyer usi ng
the gabe &EPROMpesdas a mask to forma plurality of source and drain
regions in the active layer, and a plurality of bit |lines extending
substantial |y per pefemiod a plucality o6 secend TET ERHIONS i098; tﬂ@% Rlg3kng a

second in | | ayer .-above and adjacent to the gate electrodes and
above the%g{%%%@gygb%@f‘fﬁtmgr'ﬂ\fw-regi ons and the bit |ines;

21 6.' The method of claim 215, further cemprising recrystallizing

10 active layers in the TFTs in a plurality of device levels of the array during a

same annealing step.

217.  The method of claim 218, further comprising activating TFT
doped source and drain regions in the plurality of device levels of the array

15 during the same annealing step as the recrystallizing step,

218. An array of semiconductor devices disposed above a substrate,

the array comprising:

a first plurality of spaced-apart conductors disposed at a first height
20 ahove the substrate in a first direction: and
a second plurality of spaced-apart rail-stacks disposed at a second height
in a second direction different from the first direction, each rail-stack |
including:
a semiconductor film whose first surface Is in contact with said
25 first plurality of spaced-apart conductors;

a oconductive film: and

a local charge storage film disposed between a second surface of

the semicanductor film and the conductive film.

LIS



pl anari zing the second insulating |layer; and formng a plurality of word

| ines over the second insulating |ayer extending substantially parallel to
the source-drain direction. '15 182. The nethod of claim 181, wherein each
cell of the nenory device conprising a gate electrode, a source, a drain

a channel (ﬁm@%5klon of a word line and portions of two bit lines, is made
using only %otollthographlc maski ng steps. 20 183. p&h@mm@g@gd of
claim 182, further conprising: fornm¥§ sidewal| spacers adjacent to the
gate electrode sidewall's; formng a netal |ayer over the gate el ectrodes,
the sidewall 25 spacers, the doped source and drain regions and the bit
lines; heating the netal layer to formnetal silioide regions over the
source and drain regions and the bit lines; and selectively renoving the

netal |ayer fRdfhthdheimemery aspacﬁrcsalmlzmlﬂuhblén&1&6%%&]5%&'1%1{]111 * CL
m wher ei n

S WO 02 / /U 5092 149 184. The nethod of clai

the gate gﬁg JBB% @ﬁﬁ?‘f earEEhMﬂeécﬂthQIthgémmamier spasedi-abarg | ayer
conpri Sescﬁﬂdﬁﬁ?ﬁ?\ﬂ charge storage region. 5 188. The nethod of claim 184,
wherein the nes are self aligned to the control gates. 186. The

met hodSof claim 181, wherein the gate el ectrodes conprise 10 EEPROM
floating gates and the insulating |ayer conprises a tunnel dielectric

| ayer. 187. TB2Onet be roémohaiamey & claife? £8 ivkdiginsd §|9a<.°é béﬂ(f@@r[]g jyhe word
| i nes COHBFISE depositing at | east one conductive |ayer over e second
pacec-apart conductors contalns a planarized deposited oxide material.

221.  The memory array of claim 218 wherein said semiconductor film
10 comprises polysilicon.

222. The memory array of claim 221 wherein said polysilicon is P-

doped.

15 223. The memory array of claim 222 wherein said P- doped
polysilicon includes N 4 outdiffusion regions at contacting intersections

between said spaced-apart conductors and said spaced-apart rail-stacks.

224. The memory array of claim 218 wherein said local charge

20  storage film comprises a charge trapping medium.

225. The memory array of claim 224 wherein said charge trapping

medium comprises a dielectric isolated floating gate.

25 226. The memory array of claim 224 wherein said charge trapping

medium comprises electrically isolated nanocrystals. .

ey



15 insulating layer, formng a first photoresist nmask on the at |east one
conductive layer, and etching the at | east one conductive |ayer to formthe
word lines. 188. The method of claim 187, further conprising etching the
active 20 layer and the first insulating |ayer using the word line as a
mask, such that the word line is self aligned to a plurality of EEPROM
channel s WO&OLR™ n the active |ayer between the sour cependsadraonn T egi ons.
189. The nethod of claim 181, furthetconprising forming an 25 interlayer
insul ating | ayer over the word lines and form ng at | east one additional
device level of the array over the interlayer insulating layer. 190. The
nmet hod of cl aizavlSQn'th-hgﬁ,@h, It S418% Wi O1/.2 5092 150
formng a first via in the seggﬁg o:f?éau a:tzlﬂgg |a§é‘r%‘it"5§'¥% BN first
word or binedibmecomprisesg chiardectrappingdayernduciielsetfia¥fick, and patterning the
conductive layer to forma plurality of word lines 5 or word |ine contact

| ayers and at | east one bit line contact |ayer which contacts at | east one

of the plurali of rd or bi i,ne hrough the first via. 191. The
met hod of cl a?%émojrh\e\h%f’% aTB"’t"hé"q"i“ré%%WréF’ iy said) didlentio graeke

i nt erIayercomﬁgbgtainng_m,@/g{algd@ﬁcg@%’kt_i on to extending through the second
insul ating layer; and patterning the at |east one conductive | ayer
conprises formng a plurality of word line contact layers in an N + 1st

| evel of the array and formng at |east one word or bit |ine contact |ayer
in the Nth | e4éP. of ThRdnammory argy of slaimT1224 mehicreid safid ebailuRthESFINE ur t her

conprisin jvating the d d source and drain regions in a plurality of
devi ce Ie\%gﬁ‘gr%FsPﬁ@gﬂ?{f‘éﬁlpo%ﬁiicﬂﬁ' a sane annealing step. 20 193. The

met hod of claim 189, further conprising recrystallizing the

10 230. The memory array of claim 229 wherein said conductive film

comprises a film including a conductive metal.

23.1. The memory array of claim 218 whersin said spaced-apart
conductors comprise polysilicon.
15 | |

232, The memory array of claim 231 wherein said spaced-apart

conductors comprise a film Including a conductive metal.

233. The memory array of claim 231 wherein said polysilicon of said

20 spaced-gpart conductors comprises polysilicon of a second conductivity type.

234. The memory array _of claim 233 wherein said polysilicon of the
second conductivity type is N+ doped. '

25 238. The memory array of claim 218 wherein said semiconductor film

0w

comprises polysilicon.



active layers in a plurality of device levels of the array during a sane
anneal i ng step. 25 194. The nmethod of claim 193, further conprising
activating the doped source and drain regions in the plurality of device

| evel s of the array during the sone annealing step as the recrystallizing
step. 10101 i e riblho11a13 11 artlr * ~ L WD 02/015277 PCT/ US01/ 25092
151 195. WOOKBA” of naki ng an EEPROM array, conpri sing: PCpuUssiigiszg a

sem conductor active area; forming allurality of dummy bl ocks above the
active area; doping the active area using the dummy blocks as a mask to 5
form source and drain regions in the active area; formng an intergate

I nsul ati ng | aye23@bovThanteraet : ; nari zi the
intergate insulating layer to %@gﬁ%ghﬁgﬁ%ﬂ%ﬁ %@égfsalﬁgirwgmﬁks; 10
sel ecti vel ytYW-réon dummy bl ocks from between portions of the

pl anarized intergate insulating layer to forma plurality of vies between
the portions of the intergate insulating |ayer; formng charge storage

regi ons over t Ctiye, | he ur gl of vies: 15 forming a
conducti ve gat re@?gyer'y%?/gﬁ f%'éﬁacrk% 8%%{"8 %@?'Bﬁ@!d Padepgsht t er ni ng t he
conduct i¥e seatritcondyetortfiind Melidas MR S Rdida; | ng_the charge storage
region. 20 196. The nethod of claim 1%%“ @?é%i&tg%é{ Eﬁ'&?ﬁgngt or age regions
conpri se anintpieceliensbetwesrf saichfirst nlmreilh?ldf%bha&;-hgyﬁrcogg%ﬁjrgiagg said
conducti ve ?%%21 clrag%éal s. 197. The-nethod of claim 195, wherern the Charge

storage reg Byof spacedraparg sail atpckai e bet ween a tunnel diel ectric
and a control gate

238. ' The memory array of claim 21 8, wherein:

10 the first plurality of spaced-apart conductors comprise doped

polysilicon of a first conductivity type and an adjacent layer comprising a

metal or a metal silicide: and

the conductive film comprises doped polysilicon of the first

conductivity type and an adjacent layer comprising 2 metal or a metal silicide.
15

239. An array of semiconductor devices disposed above a substrate,
the array comprising:

a first plurality of spaced-apart conductors disposed at a first height
- above the substrats in a first direction; and

20 a second plurality of spaced-apart rail-stacks disposed at a second height

in a second direction different from the first direction, each rail-stack
including:
a semiconductor film whose first surface is in contact with said
first plurality of spaced-apart conductors;

25 a conductive film; and

a local charge storage film disposed beﬁveen a second surface
of the semiconductor film and the conductive film;

an isolation film:

* [ L M S *



dielectric. L1LELIEL 11T 111 11111 ro s WO 02/ 015277 PCT/ US01/ 25092 152
198. The nethod of claim 195, wherein the dummy bl ocks conprise PECVD
silicon nitride. 199. The nethod of claim 196, wherein the dummy bl ocks
conprise 5 a sacrificial conductive gate and a protective insulating

| ayer. 200. The nmethod of claim 199, further conprising form ng sidewal |
spacers oWOMR@ERA | s of the dummy bl ocks. 10 201. The neptusarf2seszai m 195,
wherein: the active area conprises a¥?anorphous silicon or polysi.iicon

| ayer fornmed over an interlayer insulating |ayer; and the dumry ‘bl ock
material is deposited at a tenperature below 600 C. 15 202. The net hod of

cl aim 201, { ugtihge SGPERY St BBacd PEpird YoRdTEHLA olsBSE) Y 8 iy bl ocks

and over exposed source an raln regions in eal i ng

the netal dbmyerthkdsdiatioh FiknGhdefRSt @Rsctiorer the source 20 and drain

regi ons; and selectively renoving unreacted portions of the nmetal |ayer
remai ni ng ovep forethopinmlity lof skecedegart raivetaniss kispaskdata fowfi2height t her
conpri sing,recryst.alli.zi ! the 26 active, area using the silicide regions
as a cat a?i?é’t".e PIi#9IRtioR ﬁ’lﬂ ngs 1direptiop differert fiom the fiyst dicsetissn1/ 25092

204. The i ' , Wherein the 8111cide regions conprise buried
bit |i nes%?gﬁ' %&(?cglngic?ur??"g ‘direction substantially perpendicular to a -

souroe to drain digesrhicdRductor film whose first surface is in contact with said
third plurality of spaced-apart conductors:
a conductive film; and

a local charge storage film disposed between a second surface of

10 the semiconductor film and the conductive film.

240. The memory array of claim 239, wherein:
the second plurality of spaced-apart rail-stacks is disposed above a first
plurality of spaced-apart conductars;
16 the isolation film is disposed above a second plurality of spacéd-apart
rail-stacks;
the third plurality of spaced-apart condugctors is disposed above the
isolation film;

the fourth plurality of spaced-apart rail-stacks Is disposed above the third
20 plurality of spaced-apart conductors.

241, The memory array of claim 239 wherein a space between said

spaced-apart conductors contains a planarized déposited oxide material.

25 242, The memory array of claim 239 whereln sald semiconductor

films comprise P- doped polysilicon.

ULl



5 205. The nethod of claim 204, wherein the step of patterning the
conductive gate |ayer conprises formng a plurality of control gates in the
vi as above the charge storage regions and formng a plurality of word |ines
above the intergate insulating layer. 10 208. The nethod of claim 1915,
wherein ea&npﬁgggge storage region contains a first horizontal portion
above the ac rea in the via, vertical portions in poeusiisad acent to
the intergate insulating |ayer sidewdfls, and a second horizontal portion
above the intergate insulating |layer. 15 207. The nethod of claim 195,
further conprising forming an Interlayer insulating |ayer over the EEPROM

array, and foildi3ag athel maﬁ-torsi@ﬁayrm*@aiﬁﬁ@m?%hﬁéﬂ%v&g&ﬁg interlayer

insulating layer. 208. A nethod of formng a rising:. 20
formng a igomRoslusiespY itsowglifinsianmegibns at 2bhtseoRg Ghtesedtingsi | | con

active la harge storage region and a control gate; providing a
crystalli 3z‘%’% wg%n%gfcg?@%qe '?P%Bﬁ?ﬁg‘t'ctﬂm and paidanpsiced-apketymil;stasles. heat i ng t he

acti-ve layer after the step of providing the catalyst 25 to recrystallize
the active layer using the catalyst. 209. The nethod of claim 208, further

conpri§ing: 1244111 The rheto SOL/ 25092, 154 forming a
plurality of crystallizati oﬁ/ ﬁ%(ﬁ%ﬁggggt e gﬁ%‘ﬁ"?i?@?‘:g%nd provi di ng
the cryst &l¥Agaios comprisese chatge trigping Yaédilivi, zat i on  wi ndows. 5 210. The
met hod of claim 209, wherein the step of formng the plurality of
crystallization wi ndows conprises: formng an insulating |ayer above the

TFT EEPROM  agls, Pafhg mérﬂgr\} Qﬁa’a\'/% lé a?llnl 5494 lm?l%/e%ints%ids Iclr'lrgnlgteatrll:p());l:iilgy torm

medium comprises a dislectric Isolated fioating gate.
10

246. The memory array of claim 244 whersin said charge trapping

medium comprises electrically isolated nanocrystais.

247. The memory array of claim 244 wherein said charge trapping

15 medium comprises a charge trappirig layer of a dielectric stack.

248. The memory array of claim 247 wherein sald dielectric stack
comprises an O-N-Q dielectric stack,

.20 248. The memory array of claim 244 wherein said conductive films
comprise conductive polysilicon.

280. The memory array of claim 249 wherein said conductive films |

comprise a film including a conductive metal.
25

251.  The memory array of claim 239 wherein.aaid spaced-apart

conductors comprise pelysilicon,

O



10 crystallizati on wi ndow boundaries and sidewal| spacers. 211. The net hod
of claim 210, wherein the sidewall spacers are formed on a sacrificial
gate. 15 212. The nmethod of claim 211, further conprising: renoving the
sacrificial gate; and form ng the charge storage region and the control
gate afte{,V 'ﬁg}n‘gﬁ ng the sacrificial gate and after the step of heating. 20
213. The meot & cl ai m 208, wherein the catal yst conprpeessi¥izseszCe, M,
Co, Pt, Pd or a silicide thereof. 21¥1 The nethod of claim 208, further
conprising: formng source and drain regions in the active |ayer; 25
formng a netal suicide crystallization catalyst in contact wwth the

source and dr @62.r eJhenaemany atrag ofdiatd hw""’”&e"qgﬁ%ﬁﬁd-%%ﬁﬂ using the

metal sflicide as the crystallization catalyst. [T
LTI 11 9PPPUBtas somprise/ fika Meleding WSOdnRrH0E mé@b 215. A met hod of
formng a three dinmensional array of TFT EEPROMs of claim 208, further
conprising: formng at |east one interlayer insulating |ayer above the TFT

5 EEPROM andazggr mi ' f Sec TFT FEPROVE over the at | east
one interlayer i nsuF‘gte?rr}Sg%Pg’géb.w??é’.'a' gglﬂﬂl?ﬁfago?a"épaiwlwl?ﬂ,oﬁﬁﬁid her

conpr i 8i ngpaeed-ypéndondubbrs Landsise¥ Hollifdeh dfﬂﬁ gggon'lt',{:%%n& ung%tel urality of

device levels of the array during a sane annealing s T&enet hod
of claim 216, further conprising activating TFT doped source and drain

regions in th 5§I urﬁéit of device levels of the array 15 during the sanme
anneal i ng step as t el'%%F"?@fﬁ'"?YﬂfﬁtFl@tm vehieeinAaich polygiliebn gfthgonduct or

devices d Eﬁm&ﬁ@ﬁﬁliﬁ R854 Nk “oped,

10 255. The memory array of claim 239 wherein said semiconductor

films comprise polysilicon.

286. The memory array of ¢laim 268 wherein said semiconductor film
polysilicon is P- doped.
15
- 257. The memory array of claim 256 wherein said P- doped
semiconductor films include N+ outdiffusion regions at contacting
intersections between said first plurality of spaced-apart conductors and said
second plurality of spaced-apart rail stacks.
20
258. The memory array of claim 239, wherein:
the first and the third plurality of spaced-apart conductors comprise

doped polysilicon of a first conductivity type and an adjacent layer comprising
a metal or a metal silicide; and

25 the conductive film comprises doped polysilicon of the first

conductivity type and an adjacent layer comprising a metal or & metal silicids,

* c L M s *



the array conprising. a first plurality of spaced-apart conductors di sposed
at a first height 20 above the substrate in a first direction; and a
second plurality of spaced-apart rail-stacks di sposed at a second hei ght

in a second direction different fromthe first direction, each rail-stack

i ncl udi ng,_a sem conductor filmwhose first surface is in contact with said
26 first UMY of spaced-apart conductors; a conduct Peemdsolmeand a

| ocal charge storage fil m di sposed b¥2ween a second surface of the

sem conductor filmand the conductive film 1111111111112111211121112112 1 1 |
] * CL WD 02/015277 PCT/USQOL/ 25092 156 219. The nenory array of claim

218, wherein thessecoRdmimtrd driay &EpoM&@@ﬁ{)stFﬁie! Eﬁégﬁgs are di sposed

above the first plurality of "spaced-apart conductors. Y The menory
array of cl mom@sihgtherein a space between said spaced-apart conductors
contains a planarjzed deposited oxide material. 221. The nenory array of
cl ai m 218 wher ef ﬁ'rghpwf%lgmca‘dnanépmed-anaﬁ raibsteckpdisposeqpat wdfirst height222.

The nenory array.of claim?221 erein said polysiljcon is P- doped. 15 223.
The nenory a?rbf’gé tﬁ? SEL’BV%’?'?ZE %rﬁfeﬁt'é’ai Ba‘ﬁl Tigs sailrstasl ipsludingsn i ncl udes N
+ out di f fusi on regi ORShAbethiN RS | NY i ntersections between said

spaced-apart conductors and sal d spaced-apart rail-stacks. 224. The nenory

har ge t rappi ng. mod; L 908 e i RbASed S0t Bl e e i’y °
charge trapping nealsemicanductarclimadisbesert above trrobesleshdrhe storageFaae.
a second plurality of spaced-apart conductors disposed at a second
height ébove said first height in a second direction different from the first
10  direction; and
. a third piurality of second spaced-apart rail-stacks disposed at a third
height above the second height in the first direction, each second rail-stack
including:
a semiconductor film;
15 a local charge storage film disposed above the semiconductor film;
and

a conductive film disposed above the local charge storage film.

280. The memory array of claim 259, wherein the second plurality of
20 spaced-apart conductors contact the semiconductor films in the first and the

third rail stacks.

261. The memory array of claim 260, wherein the second plurality of
spaced-apart conductors contact doped source or drain regions in the

25  semiconductar films in the first and the third rail stacks.

262. A memory an;ay disposed above a substrate, the array

comprising:
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25 226. The nenory array of claim 224 wherein said charge trapping medium
conprises electrically isolated nanocrystals. 1111111211211 11111 11111 11
11 * CL" MS W 02/015277 PCTI USOL125092 157 227. The nmenory array of
claim 224 wherein said charge trapping mediumconprises a charge trapping
| ayer of dielectric dtaok. 228. The nenory array of claim 227 wherein
said di el g’& 0528 ack 5 conprises an ON-O diel ectric spetisoi@@hz The

menory array of claim 224 wherein sal%d conductive film conprises
conductive polysilicon. 10 230. The menory array of claim 229 wherein said
conductive film conprises a filmincluding a conductive netal. 231. The

menory array of cl ai Mﬁﬂﬁplmfmnﬁbmsgaggh_?mggl_ Eg isgjcr%%%ﬁcatg%rﬁré:tonpri se

pol ysi li coF., %5 232. The nenory array of clarm

spaced- apal't'eNt ahave thy subeigie i rstidinction, wmil@tﬁ&f‘ﬂ‘l&ﬁ&iﬁ& metal . 233.
The menorycatd ainaims al E’] %glhwherei n said polysilicon of sal %0.

spaced- apart conductorS PsApFharge sterapsifilincdiapesedaatsneotie catiliectivieVi t Y
type. 234fiind BAd cl-ai m 2 wherein said polysilicon of the
second conduct | vir%f/mf'$8§HP%q&md%'§%%s.ec§§’%§hﬂﬁﬁa[rﬁhﬁlig? storagy fih; cl ai m
218 whé¥ eiandsai d sem conductor film conprises polysilicon. | I1lili 111"1]
I IN S WD 02/015277 PCT/ US01/ 25092 158 236. The nenory array of claim

2235 wherein said fiafstgduralitt of spacedtafiet tondlicte¥&posed at a second
height above the first height in a second direction different from the first
direction, said spaced-apart conductors overlying regions of the
semiconductor film that contain impurities, the regions forming an elsctrical

10 connection between the spacad-apart conductors and the local charge

storage film.

283. The memory array of claim 262, further comprising:
a third plurality of spaced-apart rail-stacks disposed at a third heiht
13 above the second height in the first direction, sach rail-stack including a
conductive film,.a local charge storage film disposed above the conductive
film, and a sgcond semiconductor film disposed above the local charge
storage film; and '
a fourth plurality of spaced-apart conductors disposed at a fourth
20  height above the third height in the second direction, said spaced-apart
conductors overlying regions of the second semiconductor fim that contain
impuritiss, the regions forming an electrical connection between the spéced-

apart conductors and the local charge storage film.

25 264, The memory array of claim 262 wherein a space between said

spaced-apart conductors contains a planarized oxide rﬁaterial
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237. The menory array of claim 236 wherein said P- doped 5 sem conductor
filmincludes N + outdiffusion regions at contacting intersections between
said first plurality of spaced-apart conductors and said second plurality
of spaced-apart rail stacks. 238. The nenory array of claim 218, wherein:
10 the first plurality of spaced-apart conductors conprise doped

pol ysi | i cWﬁ’“@gls&"Ti rst conductivity type and an adj acent PCHyso1/25@0pr i Sing a
metal or a metal silicide; and the c¥hductive film conprises doped
polysilicon of the first conductivity type and an adjacent | ayer
conprising a netal or a netal silicide. 15 239. An array of sem conduct or

devices di spog®b. abgY feinsi sy uibposbd'8baYe BbubeIFREd, th Y gH st

plurality of spaced-apart conductors di spose above the
subst r at e dgomprigihgst direction; and 20 a second plurality of spaced-apart
rai | -stacks disposed at a second height in a second direction different
fromthe first diredfighplwality ehspacedapart iaileitackandispasetat adnguct or film

whose first .gurf.ace s i ontact with said first plurality of

spaced- apZﬁ 'gﬁ%c{oarlbc?dcet%\ssﬁuq’?%’aée%ﬁ(ﬂfﬂ Q%t"tm @pch sail-gtackdapiuding ge st or age
film disspespdul f et . ' uctor film'and the
conductive fil mﬁ&ﬁﬁﬁsﬁiﬁgﬁfﬁﬁd Torady ‘T"Hgﬁ?ﬁ%‘igﬁg‘l’f R ¢
L S WO 02xbdpzfivé€ilcnt)SOL/ 25092 159 a third plurality of spaced-apart

conductors disposed at a third height above the isolation fi I'min the
first direction; a fdinstiplyralitvadf snacefl-appareahdusiors dispdsert fck secbriposed at

a fourth hei r{t aboye the isolation filmin at second di recti_on di fferent
fromthe f e@] qhorvgc%p irst helg?\t in & second direction different from the first
direction, said spaced-apart conductors making contacting intersections with
10 said rall stacks so that sald spaced-apart conductors directly contact sald
local charge storage films at said contacting intersections; and '
a semiconductor film disposed between said spaced-apart
conductors and above said loeal char.ge storage films in a region about said

contacting intersections.
15

266. The memory array of claim 285 wherein a space bet\}veen said

spaced-apart conductors contains a planarized oxide material

267. The memory array of claim 265 wherein said semiconductor film

20 comprises polysilicon.

268, The memory array of claim 287 wherein said polysilicon

semiconductor film is P- doped.

25 269. The memory array of claim 268 wherein said P- doped,

polysilicon includes N+ outdiffusion regions adjacent.said spaced-apart

conductors,
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5 each rail-stack including: a sem conductor filmwhose first surface is in
contact with said third plurality of spaced-apart conductors; a conductive
film and a | ocal charge storage film di sposed between a second surface of

10 the sem conductor filmand the conductive film 240. The nenory array of

claim 239w v@@i,‘gw the second plurality of spaced-apart rail-stacks is
di spesed al?o a'first plurality of spaced-apart conducPor/gsorhsoskhe
isolation filmis disposed above a s¥tond plurality of spaced-apart
rail-stacks; the third plurality of spaced-apart conductors is disposed
above the isolation film the fourth plurality of. spaced-apart

rail-stacks i 278 spdhednabave atrag drhulgigh 2 bdi d- apart
conductors, 241. The nmenory arra?/ of clai %92\’2%% e?ée'?‘rllgéa@g'gge bet ween sai d
spaced- ap&r?rag8 g semerises e shargetrpppingmedidrdeposi t ed oxi de material . 25
242. The nmenory array of claim 239 wherein said sem conductor filns
conprise P- doped polysilicon. 1111111 2111221 11LLEL 1L 1L 11 VIIT WO

02/ 015277 PCTH@QL/ 2 : array of claim 242 wherein
said P- doped pol y??ﬁ%ﬁgﬁéﬁéﬁgg%ﬁe}%ﬂé&ﬁrﬁ i?ﬁﬂdf’égmﬁn@amm%nt acting

i nt erséct imtﬁumhﬁmpﬂm§sid@b|§aai@ng|mrﬂoé§%ors and sai d spaced-apart
rail -stacks. 5 244. The nenory array of clal O wherein said | ocal charge

storage films conprise a charge trapping nedium 245. The menory array of
cl ai m 244 whe%?gﬁn sajd charge trapgi ng medium conprises a dielectric
| sol ated floafffiy gal'8 MaAHODu@TranRE claimud 10 whesginaaid chameXfdppihg ei n sai d

charge tr gl cdﬂﬁﬂjiéﬁg ag&rﬁ)ﬁgﬁ\?fso?altggtn%ggws%/a[is'soI ated nanocrystal s.

10 273. The memory array of claim 270 wherein said charge trapping

medium comprises a charge trapping layer of a dielectric stack.

274.  The memory array of claim 273 wherein said dielectric stack
comprises an 0-N-O dielectric stack.
15

275. The memory array of claim 270 wherein said conductive film
comprises conductive polysilicon.

276. The memory array of claim 275 wheraein said conductive film

20 comprises a film including a conductive metal.

277. The memory array of claim 265 wherein said spaced-apart
conductors comprise polysilicon.,

25 278. The memory array of claim 277 wherein said spaced-apart

conductors comprise a film including a conductive métal.
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247. The nmenory array of claim 244 wherein said charge trapping 15 medium
conprises a charge trapping layer of a dielectric stack. 248. The nenory
array of claim 247 wherein said dielectric stack conprises an ONO

di el ectric stack. 20 249. The nenory array of claim 244 wherein said
conduct i Vﬁ’\ﬂlﬂiz}og?i . conprise conductive polysilicon. 250. The menory array of
clai m 249 Whér&*h sai d conductive filns conprise a fil npcrobsidsed a
conductive metal. 25 251. The nenory%4rray of clai m=239 wherein said
spaced-apart conductors conprise polysilicon, 1111111111111 HE 11111111111
S WO 02/01527§BQCTI .lIJ_SOII 25092 161 252. The nenory array of claim251
wherein said cedThpanemoey aftag (od lcfalfOIPY | fd i g a
conductive matd’;\l. 253. The xm)rg array %ifp?c a.ﬂ%ﬁ%@ggﬁ%ﬁ%ﬁ“

pol ysi | | cER*RF-8aRid cogdygtare ¢ompiises polydilitonrsf £ S6aSHE SRR { par of a
second conductivity type. 254. The nenory array of claim 253 V\,hé’ ein said
polysilicon of the second conductivity type is N + doped. 10 255. The

menory array 280c! aTHb 238 Wl i , cgnductor, filns conprise

pol ysilicon. 256. Tﬁgbrrerm)rgf}?élﬁ%fg‘aﬂ?lsﬁgm SRiRaid pRlvedicansditheonduct or
film %ol yesdricceonductRitydypeds NLb ®péd, The menory array of clai m 256
wherein said P- doped sem conductor filnms include N + outdiffusion regions
at contacting intersections between said first plurality of spaced-apart

conductors an#g ai dT second plurality of spaced-apart rail stacks. 20 258.
The nenory ar @- of Th¢ mem Arrgnef elaln 265 wherein said semiconductor film

. comprises polysilicon.

10 282. The mempry array of claim 281 wherein said semiconductor film
polysilicon is P- doped.

283. The memory array of claim 282 wherein said P- doped

semiconductor film includes N + outdiffusion regions at contacting

18  intersections between said first plurality of spaced-apart conductors and said
second plurality of spaced-apart rail stacks.
284. The memory array of claim 265, wherein:
the first plurality of spaced-apart conductors comprise doped
20

polysilicon of a first conductivity type and an adjacent layer comprising a
metal or a metal silicide:

the conductive film comprises doped polysilicon of the first

conductivity type and an adjacent layer comprising & metal or a metal silicide.

25 285. The memory array of claim 265, wherein the array comprises a

monolithic three dimensional array.
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the first and the third plurality of spaced-apart conductors conprise
doped polysilicon of a first conductivity type and an adj acent |ayer
conprising a netal or a netal silicide; and 25 the conductive film

conpri ses doped polysilicon of the first conductivity type and an adj acent
| ayer conprising a nmetal or a netal silicide. 11121211 illl1L 1iri ~fiLl Il
till * C iwoM28138 02/ 015277 PCTI[ TS01/ 25092 162 259. A FETAS§L/25092aY

di sposed above a substrate, the arra¥%? conprising: a first plurality of
first spaced-apart rail-stacks disposed at a first height above the
substrate in a first direction, each first rail-stack including: 5 a

conductive fil al f] ' ctive
film and a siegn? ‘co E’@%tg(régﬁb Pﬁ}r@r@%@@gg da%%@%%ﬁﬁ)gcagﬁﬁgﬁbgﬁ'ggn%?gggge
film a sgeands AIMOS ibihd?y cotaoth AR HitsConAtsrhpifordth®aray oit a second
hei ght above said first height in a second-direction different fromthe
first 10 mhemenyicells dispbsadtdhiovd gosubsitate pndfincledimgon fipstqddradipar, of

rail -stacks disposed at a third height above the second height in the
first dire@ematy lewls thagth memerydeyelinciuding rispeendiplestittofdofdir il m

I l,.ch fil ' h ' d fil d
10 GRS R AR AR ook 11"
eI Y 2T [ EylisOfavihd aoé@hatie CRirigh Afedhho Beiannuitiid SompfisingD spaced- apart

conductors contact the sem conductor filnms in the first an third rail

stacks. 261. The nenoprovidingy first pbtentialdsesvml potentiblkearskbedhitdpl ural ity of
spaced-apart conductors contact doped source or drain regions in the 25
senm conducPeiential, ald firatrotentiglbeing lassdhenispil senondsetertial and said

second potential being less than said third potential; _
10 selecting for programming a memory cell at a location defined
by wordline v, ieve!l z and disposed between bitlines x and x+1;
programming the first of the two bits by:
_ applying.said first potential to a}ll bitlines less than or
equal to x on the z-th level;
15 applying said second potential to all bitlines greater than x
on the z-th level; -
applying said third patential to wordline y on the z-th
level; and
applying said first potential to all wordlines other than y
20 on the z-th level and to all wordlines and bitlines on levels other than the z-th
level; and
programming the second of the two bits by: _
applying said first potential to all bitlines greater than x on
the z-th leve; '
25 applying said second potential to all bitlines less than or
equal to x on the z-th level; . .
' applying said third potential to wordline y on the z-.th

level: and

I |



262. A nenory array di sposed above a substrate, the array conprising: -
A~ TEErrrrrrrrrrrtl W 021015277 163 PCT/ USOL/ 25092 a first plurality of
spaced-apart rail-stacks disposed at a first height above the substrate in
a first direction, each rail-stack including a conductive film a | ocal
charge storage filmdi sposed above the conductive filmand a sem conductor
filmdi spweadosaove the | ooal charge storage film 5 anBCHUS28¢22p| ural ity
of spaced-apart conductors disposed 8 a second height above the first
height in a second direction different fromthe first direction, said
spaced-apart conductors overlying regions of the sem conductor filmthat

contain I mpurities, the Igghas Ol filsdbohdhel 96 oAl GRRERNG) bet ween

t he spaced-apart conduct or charge storage film 2 The
Menory arrgy thé zahdbvel 20 td &t Windlitesngrid bithgss on tdvielsdopienthdn the efth
spaced-apart rail-stacks disposed at a third height 15 above the second
hei ght in tewel.first direction, each rail-stack including a conductive
film. a local charge storage fil mdi sposed above the conductive film and
a second sem conductor filmdisposed above the |ocal charge storage film

and a fpurth f&hé'ia'itér%fetrgﬁﬁfgragﬁazée QMG AP sdliohiSeidnabl 8 thapT LN 20

hei ght above e third hei e second direction, sald spaced-apart

_CondU_CerSréH%féﬁ’éﬁtﬁ:trsf%%Su?B\id?& aedi dhan SaROMdupbeantfdl} m t hat contain
impurities, the regions formng an electrical connection between the

spaced- apart conductors and the |ocal charge storage film 25 264. The
Conduct or & Cont8ng aAMERY PEaR T8 WhaIPnAaid YA, peteTTRL IR | 1 + C L
g W C)ran01112e/ 81‘1 g'go?Jt 5 g/a%%ﬁ %5\90%5 gljeg{}er than said first potential,
10
288, A method for programming a memory cell of a three-
dimensional array of PMOS memory cells with two bite of information, the
array of memory cells dispoéed ahove 2 substrate and includipg a first
plurality, Z, of memory leveis, the z-th memory level including a second
15  piurafity, X, of bit line conductors and a third plurality, Y, of word line
conductors, the memory cells having a local charge_ storage medium, said
method comprising:
providing a first potential, a second potential and a third
potential, said fitst potential being greater than said second potential and said
20 second potential being greater than said third potential;
selecting for programming a memory cell at a location defined
by wordline v, level z and disposed bstween bitlines x and x+1;
programming the first of the two bits by:
applying said first potential to all bitlines less than or
25 equal to x on the z-th level;
applying said second potential to all bitlines greater than x

on the z-th level;

m
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265. A nenory array di sposed above a substrate, the array conprising: a
first plurality of spaced-apart rail-stacks disposed at a first height
above the substrate in a first direction, each rail-stack including a 5
conductive filmand a | ocal charge storage fil mdi sposed above the
conductive film a first plurality of spaced-apart conductors di sposed at a
second hwogbvisatrove the first height in a second directPGHUILR2F®Eent from
the first direction, said spaced-apd8?t conductors naki ng contacting.
intersections with 10 said rail stacks so that said spaced-apart conductors
directly contact said |ocal charge storage filns at said contacting

I ntersections; and a sem conductar, film di 3 | gpaced- apart
conductors and-above sai 8PP s?:'ﬂ&i"é‘a P??%ﬁg‘gggﬁé}g@“?ﬁ%fﬁe"g? gﬁ about said
cont acti ng \I’gnlt gmections. 15 266. The nenory array of claim 265 wherein a
space bet weeh’ Sar d spaced- apart conductors contains a planarized oxide
material 267. The nmenory applydyg ediddirst po@aSairvealbivordinas ower tlandyct or film
20 conprises polysilicon. 268. The nenory array of claim 267 wherein said
pol ysi | i coon treemitis dexel @ndrtofall wordiines angijitines pnjgwels pthenihag oAty of
claim 268 wherein said P- doped. polysilicon includes N+ outdiffusion

regi on® adp¥@eRPdsai d spaced-apart conductors, '. ~~I111111 111111 I111]

T L * S WO 2L a2, HDo RIS s B9 The rermory array of

cl ai m 265 wherein sai arge storage filmconprises a charge .
trappi ng medium 271. TheyphiRg $aidl firdy patertiabtdralk Bitlinke griatersthiath x bar ge

trapping 6 nmediumconprises a dielectric isolated floating gate.

the z-th level;

applying said second potential to all bitlines less than or

10 equal to x on the z-th level;

applying said third potential to wordiine y on the z-th
level; and

applying said first potential to all wordlines other thany
on tha z-th level and to all wordiines and bitlines on levels other than the z-th

15 level.

280. A meathod of claim 289 wherein said second petential is in a

range of about 3 to about 8 volts less than said first potential.

20 291, A method of claim 290 wherein said third pdten-tial isina

range of about 8 to about 13 volts less than said first potential.

292, A method for reading the contents of a memory cell of a three-
dimensional array of NMOS memery cells with two bits of information stored

25 in the memory cell, the array of memory cells disposed above a substrate and
Including a first plurality, Z, of memory levels, ;che z-tﬁ memory level including

a second plurality, X, of bit line conductors and a third piurality, Y, of word

MULCLL



272. The menory array of claim270 wherein said charge trapping nedium
conprises electrically isolated nanocrystais. 10 273. The nenory array of
claim 270 wherein said charge trapping mediumconprises a charge trapping
| ayer of a dielectric $taok. 274. The nenory array of claim 273 wherein
said dielectric stack conprises an ONO dielectric stack. 15 275. The
nmenory arwew2ofs2T ai m 270 wherein sai d conductive fil m RGIHPIOLGEG2
conductive polysilicon. 276. The neddty array of claim 275 wherein said
conductive film 20 conprises a filmincluding a conductive netal. 277. The
menory array of claim265 wherein said spaced-apart conductors conprise

polysilicaqn. 25.,278. The nenor | \@Q&r' | :
spaced- ap%PF °°@8H3¥?€Fbﬁ'§e mﬁ%;?g%ﬁ%%yﬁ%fk}%?ﬂbﬁéea Cgﬁﬁ[}‘g?%ﬂ"nsg{% .
EERERRRER Wambridihgf . C L M6 S WO 021015277 PCT/LTS011250. 92 - 166
279. The rrdéér#[t)‘%y ar"r‘%y of claim 277 wherein said polyslilcon of said

spaced- apart conduct @revidimpa fisstspgtehtial, ai seoondfpotersiat end xthithictivity
type. 280. The nenory array of claim 277 wherein said poilaisi licop of the 5
second corudential; sgidti%}pbppyenvaifba@selss then saig gepangh potentigh andmald o m 265

v ay 8 Geapi SgtomRLane loapdhed ARRLRIBRBPIR m “poi ysilicon is P
doped. 283. The ”E”Drééf%@yfﬁ?freﬂiﬁg:E:clfg%_o\“@%ﬁ’iaf' ad8t4tidts defreas by

sem conductor filmin + out usi on regions at contacting 15
i nt er sect i \pRRJIBALMEEVEI SPaSH Hishobed betwbér pitiesspanddcapart conductors and

sai d secpnd plurality of spaced-apart rail stacks.
applying said second potential to all bitlines less than or equal
10  to x on the z-th level;
applylng sald first potential to all bitlines greater than x on the
z-th level; .
applying said third potential to wordline y on the z-th level; and
applying said first patential to all wordlines other than y on the
15 z-th level and to all wordlines and bitlines on levels other than the z-th level;
and
applying said second potential to all bitiines
greater than x on the z-th level;
applying said first potential to all bitlines less than or equal 1o X
20 on the z-th level;
applying said third potential to wordline y on the z-th level; and
applying said first potential to all wordlines other than y on the

z-th level and to all wordlines and bitlines on levels other than the z-th level.

25 293, A method of claim 292 wherein said second potentlal is in a

range of about 50 milivolts to about 3 volts greater than said first potential.
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284. The nmenory array of claim265, wherein: the first plurality of

spaced- apart conductors conprise doped 20 polysilicon of a first
conductivity type and an adjacent |ayer conprising a netal or a netal
silicide; the conductive film conprises doped polysilicon of the first
conductivity type and an adjacent |ayer conprising a netal or a netal
silicideWOMBOMZEZY The nenory array of claim 265, whereiRCT/iS81/2502Y
conprises a nonolithic three dinmendfbnal array. 11LEIT 1212222 C000EE LLLL
[T 1111 * CL MS W 02/015277 PCT/ USOL/ 25092 167 286. A nethod for
progranming a menory cell of a three-dinensional array of NMOS nenory

cells with t its of I t4.00, V.08 D cells disposed

?Eove ?thbs}tA?%‘tQ'f a&g\ W%ﬁﬂ%%ﬁ&iaiﬂgégi Pg%réﬁaﬁar‘{ ?'@?O{%?'aEEt r5€§/I | evel s,
e z- nEGY of along 118 it BOv et I i ol I ne

conductors and a third plurality, ss, of V\%‘rﬂs‘laldnébéggh%é%ctiac%rs, t he nenory

cells having a |l ocal charge storage nedium said nmethod conprising:

providing a first potential, a second potential and a third potential, said
first potentiéPSbei nd MmeiBod famreading Yiscenidepistefra memenydcellzofda thrseond

P ogr afim ATRa R SR PHOS mgpatk Silfsdtithuie By SEittarmaton Steredel 2 anc
di sposed h‘?’cl’{@%n%ﬁx! 84iE3ng awagta% rﬁer:l'nliar\{ BLROGREBANDa e@g L's[xﬁ%fﬁg{e Lig two

bits by: applylng.sai irst potentia ess an or  equal

to x on tlhmsladihg d freriplurkfits I of MemeRy IhveR: 8Rél zARABIOM 1dvet fdudihy! | nes
greater than x on the z-th level; applying said third potential to

wor dl i ne y sacontelurality, Xcobbit linncondptiors gnd a thirdi platalippt ¥nof wlortio al |
wor dl i nes .ot her 't han 20 on the z-th level and to all wordlines.and

bitlines JRe p@ggpgtq;?%'g}e memery eelis haying a local charge storage medium, said
.10 method comprising:

providing a first potentlal, a second potential and a third
potential, said first potential being greater than said second potential and said
second potential being grsater than said third potential;
selecting for reading a memory cell at a location defined by
18 wordline y, level z and disposed between bitlines x and x+1: |
applying said second potential to all bitiines less than or equal
to x on the z-th level;
applying said first potential to all bitlines greater than x on the
z-th level;
20 applying said third potential to wordline y on the z-th level; and
applying said first potential to all wordlines other than y on the
z-th level and to all wordlines and bitlines on levals other than the z-th
level; and
applying said second potential to all bitlines greater than x on
25 the z-th level;
applying said first potential to all bitlinés less than or equal to x
on the z-th level;

applying said third potential to wordline y on the z-th level; and
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| evel ; and programm ng the second of the two bits by: applying said first
potential to all bitlines greater than x on the z-th level; 25 applying
said second potential to all bitlines Iess than or equal to x on the z-th
| evel ; applying said third potential to wordline y on the z-th level; and
PEEELET rererartt ¢crerrrrrrtr L WO 02/ 015277 PCTNS01/ 25092 168 appl yi ng
said firswopoPsati al to all wordlines other than y on tHe/BS0AS%vel and
to all wordlines and bitlines on | ev@s other than the z-th level. 5 287.
A nmet hod of claim 286 wherein said second potential is in a range of about
3 to about 8 volts greater than said first potential. 288. A nethod of

T37vol s greater t harheiyins erRCHSE poBenel o &t fuorkBReRiofhier JBR o e 770
progranm “zgtirﬁevgtlnﬁc}’ 5‘? %Ih '\q&fdnﬂeé Qﬁ&%‘nﬁﬁéﬁﬁ ?é\%f?hﬂ?err R Qﬁ? FMP%USHDV y

cells with two ntormati on, the array of nenory cells disposed
above a substrate and including a first plurality, Z, of menory |evels,

the z-th nmenory |l evel including a second 15 pl uralg';é, X, of bit line
conduct ors an@88.t hi rAl mathed aftglaimy296iwhereln faid secomd potentia) is ine2 nenory

cells having a |l ocal charge storage diym said nethod conprj sing:

provi diPng range o€ @bpyt 8 ri"ﬁwP?ta t"?g’é’b'ﬁmé 1SIEET Wa%ﬁﬂdg‘r{shp?%t'ﬁgt enti al ,
said first potential being greatéer than said second potential and said 20
second potential being greater than said third potential; selecting for

programri ng agwEnory £Ghéthdld oF dsiRREDewREeIMesld thivd Wotshtdie h al evel z and
di sposed between bitlines x and x+ 1;- programmng the first of the two

bits by: range of about 1 to about 5 volts less than said first potential.

10 298, A method for erasing the contenis of all memory cells
belonging to a three-dimensional array of NMOS memory cells with two bits
of information stored per memery cell, the array of memory cells disposed
above a substrate and including a first plurality, 2, of memory levels, the z-th
memory leve! including a second plurality, X, of bit line conductors and a

16 third plurality, Y, of word line conductors, the memory cells having a local
charge storage medium, said method comprising:

providing a first potential and a second potential, said first
potential being less than said second potential;
applying said second potential i:o all bitlines; and

20 applying said first potential to all wordlines.

298, A method of claim 298 wherein said second potential is in a

range of about 5 to about 15 voits greater than said first potential.

25 300. A method for erasing the contents of all memory cells of a
three-dimensional array of PMOS memory cells with two bits of information
stored per memory cell, the array of memory cells disposed above a substrate

and including a first plurality, Z, of memory levels, the z-th memory level

I



applying said first potential to all bitlines less than or 25 equal to Xx
on the z-th level; applying said second potential to all bitlines greater
than x on the z-th level; 1 11T ETETEITET T 222226 i 0111 i WD 021015277
PCTI USO01/ 25092 169 applying said third potential to wordline y on the z-th
| evel ; and applying said first potential to all wordlines other than y on
the z-th wewabisarrd to all wordlines and bitlines on | evelGI/BI0EF% han t he
z-th 5 level; and progranmming the sl@tond of the two bits by: applying said
first potential to all bitlines greater than x on the z-th | evel; applying
sai d second potential to all bitlines less than or 10 equal to x on the

2nd appl yilogoeRece pAeaTd Blsraliyy X7 OF BRI coBubRig andR iRl S oh 0"
z-th level %Qr&Aﬁ’nrr%#hgﬁﬁ’éggH NRe \/\g Ilsﬁ%t@a'l@d’aﬂcﬁa &'8foré n the z-th

15 Ievel. Clarm?2 erein said second potenti Is in a

range of ahedium daid alhibd Sovdrising: ess than said first potentlal. 20 291. A
met hod of claim 290 wherein said third potential is in a range of about 9

to about 13 volts | egwoviding sdiret petestialandaspaend potentigl et or reading

the contents of a nmenory c thre |n:e sional array of NMOS nenory
cel I's W t PRIGRLIY;Q %"%ﬂ'%ﬁb?‘%??ﬁsﬂ’?ﬂ‘ia" e85, {he nmenory cell, the array

of menory cells dispg b a first plurality,
{;ﬁﬁyﬂB‘ﬁ}é ) Bocfy ;}eve 2l u id&é BHd

Z, of nmenory levels, I nc a second plurality,
X, of bit line CondUCé;Sm\?maryiuﬁﬁidil;fderﬁialﬂalaﬂtwordﬁne@f word ~ I1ILIL, ]

I1ThiL 11111 11111 11 17
301. A method of claim 300 wherein said second potential is in a

10 range of about 5 to about 15 volts less than said first potential.

302. A method for erasing a single bit of a memory cell of a three-
dimensional array of NMOS memory cells with two bits of information, the
array of memory cells disposed above a substrate and including a first

16  plurality, Z, of memory levels, the z-th memory level including a second
plurality, X, of bit line conductors and a third plurality, Y, of word line
conductors, the memory cells having a local charge storage medium, said
method comprising: '

providing e first potential, a second potential and a third

20 potential, said first potentiai being less than or equal to said second potential

and said second potential being less than said third potential;

selecting for erasure a memory storage location of a memory
cell at a Jocation defined by wordline y, level z and disposed between
bitlines x and x+ 1, the storage location being adjacent bitline x+1;

25 reading the contents of a memory storage location of a
memory cell ata locatlon dsfined by wordline y, 1e\}el z and disposed
betvr,;een bitlines x+ 1 and x+ 2, the storage location being adjacent bitline

s

X+1;



WO 021015277 PCT/ USO01/ 25092 170 line conductors, the nenory cells having a
| ocal charge storage nedium said nethod conprising: providing a first

potential, a second potenti al ' ntial, said first potenti al
being |l ess than said second poamuﬂ#ﬂ"mwmm 5 second potential being
| ess than said third potential; *selcecting Tsor «reading a nenory cell at a
| ocat i on wefizmesdzioy wordline y, |evel z and di sposed beRGEEWLIAFMOL| nes x
and x + 1: applying said second potddtial to all bitlines |less than or
equal 10 to x on the z-th level; applying said first potential to all
bitlines greater than x on the =z th levél; applying said third potenti al

to wordline y on the z-th |level : .and . |_vi j.d first potential to all
wor dl i nes ot her than %013'?9 tsﬂ'é’ c%e%t'ﬂaqo@\?}eﬂd?gnsg&{teb all wordlines and
bitlines on |evels othehihaBid fidt potdhtiab¥ewordpnelypppl yi ng sai d second
potential to all bitlrnes “greater than x on the z-th level; applying said
first potential to aldpphyihgisakiséaend pdtentigrtoalkitings othepthaghbditine z-t h

| evel ; applying said third potential to wordline y on the z th level; and
applying setrd:first potential to all wordlines other than y on the . z-th

|l evel and to all wordlines and, Ri.t]ines.. I tsher than the z-th
| evel . 325 293. A net h?ﬂ?qg]f’gcﬁaéﬂ ﬁ?'%&°’iﬁﬁ’é‘§g‘f°n&§'§°3"§édond potential Is In a
range of about 50 ml§ than said first

g fﬁé)cﬁqual? Wﬁ%l Gh¥Piah WoPdlir v:

potential. 1111111101 [T * CL S W 02/015277
PCT11JS01/ 25092 171 Z@dlyind suvd tinst pitentialito @ SRoatingrall bitlinescanchi r d

potential is in a range of about 1 to about 5 volts greater than said
first potewbtrdlines on levels other than the z-th level;
| retrieving said contents from said memory store; and
10 writing said contents to said memory storage location of the
memory cell at the location defined by wordline y, level z and disposed .
between bitlines x+ 1 and x+ 2, the storage location being adjacent bitline

CX+1.

15 303. A method of claim 302 wherein said second potential is in a

range of about O to about 5 volts greater than said first potential.

304. A method of claim 303 whereln said third potential is in a
range of about 5 to about 15 volts greater than said first potential.

20

3068. A method for erasing a single bit of a memory cell of a three-
dimensional array of PMOS memory cells with two bits of information, the
array of memory cells disposed above a substrate and including a first
plurality, Z, of memory levels, the z-th memary level including a second

25  plurality, X, of bit line conductors and-a third plurality, Y, of word line
conductors, the memory cells having a local charge s{;oraga medium, said '

method comprising:



295. A nethod for reading the contents of a nmenory cell of a three- 5
di nensi onal array of PMOS nenory cells with two bits of Information stored

in the nenory cell, the array of nwg I ' ed above a substrate
and including a first plurality, Zﬂwnmrl!ﬂyﬂlﬁﬁms the z-th nenory

| evel including a second plurality,«X¢ Oft Din I ne conductors and a third
pluralitywovwomtrzaword |ine conductors, the nenory cel | PGTANRNES0A2 | ocal
charge storage nmedium said 10 nmet H& conprising: providing a first
potential, a second potential and a third potential, said first potenti al
bei ng greater. than said second potential and said second potential being

greater-than said thii{fg‘l%{qﬁgﬁﬁ% é,?tseﬁgglg%iﬁgﬁgrp&rtm%% da fRAPT Y cell at a

| ocation defined by Sposed between bitlines x

and x+1; ﬁ,g,qéeﬁitiﬂgﬁ@iﬁgEgﬁrgia?%ﬁ@éréhtér%% br B4l taesaid @8Gonidran or equal

to x ont Ing said-first potential to all bitiines

greater t haftepti@laricSaid etbnd poedntial Gemppdrearey than daldhihind parentislial to
wordline y an the z-th level; and applying said first potential to all

wor dl i nes” ot her than selegtingtor efasufe [agyemiony, §1Qraga lecaiiondPh H EEMAY bit i nes
I I th th th -th | I, : | yi id s ial t
a1 b1 8 © el g laetopiinfinedyy Weedingeyeph's St fisblisg BERIoe BRgee LT 1O
tenti al I I L i t th -th | | ;
oL entt ) S Bald L PR PR e Sauaint s g0 e 2 11 ovo

applying s irt ine y on the z-th level; and |

LEEEEEE TEEEE TP | jeabinglthel ddritehtsGil avhémdhy 8frags ltatieaflis01125092
172 applying said first potential to all wordlines other than y on the

z-th | evel mambry aellldt anpedtioncefinad byi wordliss verlevel zand dispesed han the z-th
evel . 295&\1&9?!3&?19650; +Q|I gritdmx?l-g.?.S, twgesrtgliarg]eﬁgti:aqciosneﬁgnqg a%?éceepllt ib%inies in a
10 x+1;
storing said contents in @ memory stors;
applying said first potential to wordline y;
applying said second potential to or floating all bitlines other
than bitline x+1;
15 applying said third potentlal to bitline x+1;
floating all wordlines other than wordline y;
applying said first potential to 2ll bitlines and wordlines on
levels other than thg 2-th level;
' retrieving said contents from said memory store; and
20 writing said contents to said memory storage location of the
memory cell at the location defined by wordline y, level z and disposed

hetween bitlines x+1 and x + 2, the storage location being adjacent bitiine

x+1.

25 3086. A method in accordance with claim 305 wherein said second
potential is in a range of about O to about 5 volts less than said first

potential.



5 range of about 50 mlivolts to about 3 volts less than said first
potential. 297. A nethod of claim 298 wherein said third potential is in a

range of about 1 to ab ﬂ I IJ rhan said first potential. 10 298. A
-met hod for erasing thjm[l rmm Im" nmll menory cells belonging to a
t hr ee- di nensi onal array *of ‘NMBS frenory cells with two bits of Information

stored paVOOYMSETF cell, the array of nmenory cells di spossei/usbesesz a
substrate and Including a first pluddity, Z, of nenory levels, the z-th
menory | evel including a second plurality, X, of bit |line conductors and a
15 third plurality, Y, of word Iine conductors, the nmenory cells having a

potent i &1 andOR’sceomuPRPEATR Apeoreaiee HTC oA At el SRSt han

e coft"TEN? 2P ERESERIESs than
20 appl yi e 20§ IR oY aBGye 10 BPUENS, FHERRS Boat S8 AT oG of i ol m

298 wher eipovtemgiagl, second potential is in a range of about 5 to about 16
volts greater than said first potential. 25 300. A nmethod for erasing the
contents of all nmenory cells of a three-dinensional array of PMOS nenory

cells witht its of Information _stored per nory.cell, th [ay of
nmenor y\gcel I swglogposed& Qbﬁbﬂdgg'émf%ﬁtﬁm%ﬁcfgr%q&mﬁ’%&rﬁll FT’F‘X‘L"?L;%} ality,

Z, of ne - M. evel 1111112122222 1E0EEE FEEEL 0

[ W %%Tb%gg%%@ég%gg%ﬁyqncl uding a second plurality, X of
bit |line conductors gy Adidpbiking 44 isoRitichMayel ove®fa MY drathne conductors, the
menory cells having a |ocal charge storage nedium said nethod conpri sing:
providing a first pot{bht dispoaing afisstqiumwlihootspaced-amnt dofductors in oot ent i al

bei ng greater than said second potential; applying said second potential to
al | bitli &gt digpetion, guer thegiselatignrayalt potential to all wordfines. 301. A

e OGP oL 300 AP BopoRB ATl o i Dby ara o

spaced-apart conductors and thersgby filling a space between said spaced-
apart conductors with the insulating material;

{d) planerizing the insulating layer to expose the first plurality
of spaced-~apart conductors; | |

15 : (e) disposing a second plurality of rail stacks in a second

direction over and in contact with said first plurality of spaced-apart
conductors, said rail stacks including a first layer of a semiconductor material
of a first conductivity type, a second layer including a local charge storage

film, and a third conductive layer.

20
3009, The method of claim 308, further comprising:
{f) repeating {a}, (b}, {c), {d} and (e} a desired number of
times to form a desired number of levels of TFT memory cells.

25 310. The method of claim 308, wherein the step of planarizing
comprises CMP. ‘



302. A nethod for erasing a single-bit.of a_nmenory cell of a three-

di mensi onal array of NMOS nenory c ] two bits of information, the
array of menory cells disposed aboﬂ"’i‘,m ” d including a first 15
plurality, Z, of menory |levels, the=*z- i el including a second
plurality, X, of bit line conductors and a third plurality, Y, of word line
conduct orwo stszrrenory cel |'s having a | ocal charge stor RfSBYRIMNR sai d

met hod conprising: providing a Firstl7potential, a second potential and a
third 20 potential, said first potential being | ess than or equal ‘to said
second potential and said second potential being less than said third

potential; selecting _for erasur T Y. storage l.ocati . ry
cell at a |oc&lilen deTh%W'%#ﬂgF@FW@,fuﬂ%’&EF ?pgﬁ]&%&@%o@éag%@tq%en
bitlines and x+ 1 a\}e;\]e storage |l ocation being adjacent bitline x+ 1; 25
reading th edﬁﬂ?gﬂ?g of*a menory storage |location of a nenory cell at a

| ocati on defined by wordline y, level z and di sposed between bitlines x +
1 and x+2, the storage |location being adjacent bitline x+1; II!'Il1iJhu h

hillhilliiiiiizte.s 117Hd isxhad of cldlin 308, 1further comprisingk C L WO 02/ 015277

PCTI USOL/ 25092 174 storing said contents in a store: pl ying said

first gotentidn) oatdiffusingrouyee a%#ﬁ*ﬂ&%&\“ﬁ%%%WﬁF Bh-t'f‘@ﬁ" ‘fafg al |

bitlines other than bitlipe +1. . |3\ Sk R tid

bitline x SRacedrgnact Pﬁ@'ﬁi}?oﬂ%ﬂtﬁg@gtdég?gtp % r?ﬂb\cgﬁ d‘f#ﬁg%&gégﬁ ’g/l-fér)lg sai d

first pot eﬂ;#q#érc%fcg sbinR@nd08td? rhatdkibl.i nes and wordiines on |evels other
evel ;

than the z-t retrieving said contents fromsaid nenory store; and

313, The method of claim 312, further comprising repeating (a}, {b).
10 (c), Id}, (e}, () and {g) a desired number of times to form a desired number of

levels of TFT memory cells.

314. A method for manufacturing a three-dimensional array of TFT
memory cells, said method comprising:
15 {a) disposing an isclation layer over a substrate;
{b} disposing a first plurality of spaced-apart conductors in a
first direction over the isolation layer; _
{(c] disposing rails of local charge storage fitm in the first
direction over and In contact with sald first plurality of spaced-apart

20 conductors;
{d) disposing a second plurality of aspaced-apart conductors in
a second direction over and in contact with the local charge storage fiim, the
conductors formed of a polysilicon material of a first conductivity type;
{e) disposing a semiconductor film of a second conductivity
25 type in between ones of said second plurality of spaced-apart conductors;
{f) disposing an insulating layer cver éaid semiconductor film

and said second plurality of spaced-apart conductors and thereby filling a



10 witing said contents to said nenory storage |ocation of the nenory
cell at the location defined by wordline y, |level z and di sposed between
bitlines x + 1 and x + 2, the storage |ocation being adjacent bitline x+1.
15 303. A nethod of claim 302 wherein said second potential is in a range
of about O to about 5 volts greater than said first potential. 304. A

met hod ofwoloxdseB03 wherein said third potential is in PCHESMESEE about 5
to about 15 volts greater than said!f$rst potential. 20 305. A nethod for
erasing a single bit of a memory cell of a three- dimensional array of PMOS
mermory cells with two bits of information, the array of nenory cells

o =Bzl S ol ] S AR Bolitiys WL AL itng O T

l'ine condyphfdrfal:agHy -a third pl urallty, Y, of word I|ne conductors t he
menory cells havi ng a local charge storage nedium said nethod conprising;
L LYEEEEi Tt u 1 HIL {gh | iplariarizing thevigsalatiog $8ver. PCTNS01/ 25092 175
providing a first potential, a second potential and a third potential, said
first potential being greater than or equal to said second potential and

sai d s;gond p%tr?e%ﬂt | alglﬁ)%bi}ghgﬁ%@t {lr(n)‘x?}@ , Rt claH;gls ent ial; selecting

for ure a rfory oca 'a nenor at a location

defined by wordline y%)l G¥Bbating (0, (H)S![Q;?S&ﬂi Mt(w&ﬁd%)tékﬁ@ﬁed Kumbérx + 1,

the storage | ocation being adj acent ine X + 1; reading the contents of

a nenmory sgptivees todfenhi ®desifecainumbep o levels ofaTF'Eln‘aema!tvl esllsdef i ned by
wordline y, level z and di sposed between bitlines x + 1 and x+ 2, the
storage | ocation being adjacent bitline 10 x+1; storing said contents in a

TETOn Yy SOT e B Rtk o g EPach B Sk B dPBl K10 521 o
10 memory cells, sald method comprising: '

{a) disposing an isolation layer over a substrate;

{b) disposing a first plurality of spaced-apart conductors in a
first direction over the isolation layer;

{c} disposing a first local charge storage film over the first

16 plurality of spaced-apart conductors;

{d} disposing a first layer of a semiconductor material of a
first conductivity type over said local charge storage film;

{e) disposing a second plurality of spaced-apart conductors
formed of a doped semiconductor material of a second conductivity type in a

20 second dirsction over the first layer of semiconductor material;

() disposing an insulating layer over said second plurality of
spaced-apart conductors and thereby filling a space bstween said second
spaced-apart conductors with the insulating material;

{g) planarizing to expose said second spaced-apart

25 conductors; '
{h} disposing a second iayer of a semiconductor material of a

first conductivity type over said second spaced-apart conductors;

AT



than bitline x + 1; 15 applying said third potential to bitline x + 1;
floating all wordlines other than wordline y; applying said first potenti al
to all bitlines and wordlines on |evels other than the z-th |evel;
retrieving said contents fromsaid nmenory store; and 20 witing said
contents to said nenory storage |location of the nenory cell at the

| ocat i on WMePsE by wordline y, level z and di sposed beERGRAGEIIRFOLI nes x +
1 and x + 2, the storage |ocation bdfhg adjacent bitline x+1. 25 300. A
met hod in accordance with claim305 wherein said second potential is in a
range of about O to about 5 volts less than said first potential.

1111212222222 @by eyl ii Jilt * ’}ﬂh S 02/ 015277 FCTI USO /25092 176
307. A nethod in acc&’daﬁ@@ ofjng A gpcand 1968 2 piprage flmipven t®ential is
in a rang g&wt | ess than said first potential. 5
308. A rnat%t‘?glgnq1 g‘gturl ncé:algn'%éﬁ%rtéag di nensi onal array of TFT nenory

cells, said net hod cqnpruisnplgmg(aai‘lrsilmmmmar spyadedcdpRirt OONdURMEFs iver a
substrate (b) disposing a first plurality of spaced-apart conductors in a

first dirabeifiost @vmtiqm@wrsmeaaconml@@atucham gtorags Hipysnty an insul ating

| ayer Qver said first ity of ced-apart copductors an t her eby
filli n§ a space bet wéﬁﬁ g%rmr"g #usg‘ﬂarﬁﬁ’%dﬂﬁﬂdoPESt\ﬂ"FhSWQ i nsul ati ng

mat eri al ;
ol ur al |y s 8 3aRie %ﬁﬁﬁﬁﬁéﬁﬁt‘ﬁé*@%g%da}c%ﬁéRﬁégs‘t dihtesong, ol
of rail styelwsehtaft E@@emgnd @hidespdcal-RuRY coiMictdrscont act with said fi rst
plurality of spaced-apart
317. The method of claim 318, further comprising:
10 (I} repeating (c), (d), (e), {f}, (g), (h}, (i}, (i} and (k} a desired number of

times to form a desired number of levels of TFT memory cells.

318. A method for manufacturing an array of TFT memory cells,
said method comprising:
15 ' dispasing an isolation layer over a substtate;
disposing a first plurality of rail-stacks in a first direction over
the isolation layer, said rail-stacks including a conductive film layer, a local
charge storage film layer disposed over said conductive film layer, and a
semiconductor film layer of a first conductivity type disposed over said iocal
20 charge storage film layer;
disposing an oxide layer over said rail-stacks;
masking the oxide fayer;
etching the oxide layer;
removing the mask;
25 implanting Impurities of the second conductivity type through
apertures etched in the oxide layer and into the semiaonductor film layer;
depositing a conductive film into said aperture; and

planarizing the conductive layer.

) R LA



conductors, said rail stacks including a first |ayer of a sem conductor
material of a first conductivity type, a second |layer including a |ocal
charge storage film and a third conductive |ayer. 20 309. The met hod of
claim 308, further conprising: (f) repeating (a), (b), (c), (d) and (a) a
desired nunber of tines to forma desired nunber of levels of TFT nenory
cel ls. 23¥QuYoisTiTe net hod of claim 308, wherein.the stePGHUSILATEZI zi ng
conprises CMP. C~ MS | I'Il WO 024805277 PCTI[JSOL/ 28092 177 311. The
met hod of claim 310, further conprising CMP planarizing the isolation

| ayer. 312. The nmethod of claim 308, further conprising: 5 (g) outdiffusing
source and drain dopants fromthe first plurality of spaced-apart second
conductivity type doped polysilicon conductors into the first |ayer of a

sem conduct or g terl A medn ?d f%'h@ H?ﬁ#qg,g% aﬁlaﬁla AT Hgnm?rcéngrrprl si ng

repeati ng (a) 10 (c ) a desire

tines to fsldetmbbﬂﬁbrlaln'@ber of levels of TFT menory cells. 314. A
met hod for manufacturing a three-di nensional array of TFT nenory cells,
sai d method conpri si wigpoEing ay islatmssiangr aven & subatrala: | ayer over a

bstrat b) di f t pl I d t i
FiTst B rect i on over dbY R IR SRPRS SRS 56 & At rarAUctYS) oca | °
charge stqgﬂgggvgll %ﬁﬂi'ugolta Snflé\F I direction over and In contact with said

r

first plu Ity of spaced-apart’ 20 conductors; (d) disposing a second
plurality of spaced- afisyidsings@HicoAritrida CMPSﬂﬁpﬂﬂyéildm@bmmﬁﬁjhcﬂﬁd in

contact with the |ocal charge storage film the conductors fornmed of a
pol ysi | i cailicontlayéral of a first conductivity type;
masking the silicon nitride layer;
10 etching apertures defined by the masking into said isolation
layer;
depositing a conductive layer of a semiconductor material of
the second conductivity type into and over the apertures;
planarizing said conductive layer to said CMP stop layer;
15 . disposing a local charge storage film over said CMP stop layer;
and

disposing a conductive film over said charge storage film.

320. A memory array disposed above a substrate, the array
20 com.prising:
an insulator layer;
a first plurality of spaced-apart conductors disposed in the
insulator fayer in a first direction;
semiconductor regions of a first conductivity type disposed
25 between and in contact with adjacent areas of said spaced-apart conductors;
and .
a second plurality of spaced-apart rail-stacks disposed in a

second direction above and in gontact with the first plurality of spaced-apart

* c L M s *



(e) disposing a sem conductor filmof a second conductivity 25 type in

bet ween ones of said second plurality of spaced-apart conductors; (f)

di sposing an Insulating | ayjmﬂ conductor film and said second
plurality of spaced apart c lﬁlﬂ “ﬂmmmmr eby filling a WD 02/ 015277
PCT/ USOll‘g(?ﬁ) 178 space bet weén Sai'i secdnd spaced-apart conductors with
t he i nsul %‘&q aterial; and (y) planarizing the insul @#oTrusoi/aseer . 5 315.
The method of claim314, further cofrising: (h) repeating (a), (b), (c),

(d), (e), (f) and (g) a desired nunber of tines to forma desired nunber
of levels of TPT nenory cells. 316. A rret hod for manufacturing a

thr ee. di moondenols, WchraRstatR InokAF R0k BRkigS orSAlal AFF 98 400" 1 o1 NG,

(a) disposi é; an isolation |ayer ov ra su H?E 8ing a first

pl ur al i t ycendugsivedilmdispbsed abové ohies local ehar Pérs‘&ira gbifnl i on over the

i solation layer; (c) disposing a first |local charge storage filmover the
first 15 plurali ty of spaced-apart conductors; (d) disposing a first |ayer
of a sem con erial of a t conduct i vi ty type over said |ocal
charge stor ag W‘%‘%fn?ﬂ‘gﬁ’o%'mg"ﬁ é’éﬂo?r%?m hereinseid a¢minsadedtapar t
condud or fiim Eeﬁiﬁlﬁegf ofysiffend sem conductor- material of a second
conductivity type in a 20 second direction over the first |ayer of

sem conductor material; (f) disposing an insulating |ayer over said second
plurality of _s aced-apart conductors and thereby filling a space between
sai d second ced- Bpamenanydareaw o claim 182 hwhierein isafd ﬂaymégﬁlls’:{b, (g)

pl anari Z'&‘cg)t expose sai d second spaced-apart 25 conductors;

di sposin écond | ayer of a sem conductor material of a first .
conduct|V|ty type over said second spaced-apart conductors; 11111 1111111 |
U

10 323, The memory array of claim 322 wherein said P- doped
polysilicon includes N+ cutdiffusion regions at contacts between said

spaced-apart condtictors and said semiconductor regions.

324, The memory array of claim 320 wherein said local charge

15 storage film comprises a charge trapping medium.

325. The memory array of claim 324 wherein said charge trapping
medlum. comprises a dielectric isolated floating gate.

20 326. The memory array of claim 324 wherain said chargé trappin;;

medium comprises electrically isolated nanacrystals.

327. The memory array of claim 324 whersin said charge trapping
medium comprises a charge trapping layer of a dielectric stack.
25

328, The memory array of claim 327 wherein said dielectric stack

comprises an O-N-O dislectric stack.



CL S W 02/015277 PCTIUSOL/ 25092 179 (1) disposing a second | ocal charge
storage filmover the second l'ayer of semrconductor material; (j)

di sposing a first plural aced a art conductors in the first
direction over the seco ml orage film and - 5 (k) form ng
out di ffu%’g&a /ﬁg%rf ons i n econd | ayers of sem conduct or

mat eri al 7 7i r st conductr vity t e at i1 ntersecti oneCHxsive®2 Sai d

| ayers and sai d spaced- apart conduct! . 317. The nethod of claim 316,
further conprising: 10 (l) repeating (c) (d), (a), (f), (g, (h), (i), ()
and (k} a desired nunmber of times to forma desired nunber of |evels of

TFT nmenory celds. 31&heﬁn€iﬂoﬁpgn%g Oé%mgf&%ﬁé}g@a? ‘?rra % TET rrem)ry

cells, said nmethod conprising i'sposing an i a

substratecommgpescngdacﬁvepprmuoaJ|ty of rail-stacks in a frrst drrectron

over the isolation |ayer, said rail-stacks i.ncluding a conductive film

| ayef, a IocaI charge storage filmlayer disposed over said conductive
lLayer of a first conductivity type

filmlayer, conduct or f||
di sposed over 53l d I g-glglmerfﬁ%ﬁﬁ?‘éé Qaé'?’a%%g Mhereinspld contlepibe fignan oxi de
| ayer ®Vekomptided 3'ﬁlﬁ§%ﬁ1ﬁn2%a F‘hg,g‘( 3 |%§I de | ayer; etching the oxide

| ayer; renoving the nmask urities of the second

conductivity type through apertures etched in the oxide layer and into the
sem conductor_filmla depositing a conductive filmintd said aperture;
and planari 2% t heT é@MPMerra\ay'écIalmJﬂZﬂi\&ibtélﬂﬂshldﬁéédéHléé&% *CL W

027015277 S i3 RUEARNSE polysilicon.

10 332. The memory array of claim 331 wherein said spaced-apart

conductors comprise a film including a conductive metal.

333. The memory array of claim 331 wherein said pelysilicon of

said spaced-apart conductors comprises polysilicon of a second conductivity
15  type. |

334. The memory array of claim 333 wherein said polysilicon of the
second conductivity type is N+ doped.

20 335. The memory array of claim 320 wherein said semiconductor

film comprises polysilicon.

336. The memory array of claim 335 wherein said first conductivity
type is P-,
25
337. The memory array of claim 320, further comprising:

an isolation film disposed over said second plurality of spaced-
apart ratl-stacks;



180 319. A nethod for manufacturing an array of TFT nenory cells, said

nmet hod conpri sing: disposing an isolation | ayer over a substrate; 5

di sposing a | ayer of anorphous silicon of a first conductivity type over
said isolation layer; disposing a silicon nitride CVWP stop |ayer over said
anor phous__silicon | ayer; masking the silicon nitride |ayer; 10 etching
aper t ur eV QP by the nasking into said isolation | ®enusedemesiting a
conductive |ayer of a seniconductor Whterial of the second conductivity
type into and over the apertures; planarizing said conductive |layer to said
CWP stop layer; 15 disposing a |ocal charge storage filmover said CVWP stop

| ayer; and di sposin hirdy) ik L11n oV sal.d charge storage film

320. A nmenory array &s;')oseg@%‘{)égséééélgogqﬁgfggf‘d‘fﬁgrsaﬂgaﬁs%"‘b&??pr_i sing: an
i nsul at or isclgtien filmfin thé fipstudirddtion; of spaced- apart conductors di sposed in
the insulator layer in-a first direction; sem conductor regions of a first

conductivity type di SpRjyelite9f semiconduatat regionsrufane first Sordlicasmyt areas of

sai d spac -aBart clgrgductors; .and a second plurality of spaced-apart
rai | - st ack® P SHBERY PPRvEen apd in goptact with adiapentonssiof maidepased- with t he

first gl ua?h}ttdbngﬁj%cgﬁaapart 1111121113221 3 (0P rE 11132 1 rrel A
111111111171111117TT11T9 1 n s WD 02/ 015277 181 PCT/ USOL/ 25092 conduct or s,

each rail-stack incl adicdgtheplLRSi®y of BEEK- ?aﬁﬁsifahic@d%gsgﬁ in the
second direction above and in contact with the third blurality of spaced-apart
conductors, each rail-stack including a local charge storage film and a

conductive film disposed above the local charge storage film.

10
338. A TFT CMOS, comprising:

a gate electrode;
a first insulating layer atljacent to a first side of the gate electrode; -
a first semiconductor layer having a first conductivity type disposed on
15 a side of the first insulating layer opposite to the gate electrode;
first source and drain regions of a second conductivity type disposed in
the first semiconductor layer;
first source and drain electrodes in contact with the first source and
drain regions and disposed on a side of the first semiconductor layer opposite
20  to the first insulating layer;
a second Insulating layer adjacent to a second side of the gate
slectrode;
a second semiconductor layer having a.second conductivity type
disposed on & sidg of the second insulating layer opposite to the gate

25 electrode;

second source and drain regions of a first conductlvity typse disposed in

W

the secand semiconductor laver; and



conductive filmdisposed above the | ocal charge storage film 321. The
menory array of claim 320 wherein said sem conductor 5 film conprises

pol ysi.l con. 322. The nmenory array of claim32'1 wherein said polysilicon is
P- doped. 10 323, The nenory array of claim 322 wherein said P- doped

pol ysilicon includes N + outdiffusion regions at contacts between said
spaced- aB 2®#fuct ors and sai d sem conduct or regi ons. P82AIS0IFiz892TENDT Y
array of claim 320 wherein said | oct¥ charge 15 storage filmconprises a
charge trappi ng medium 325. The nenory array of claim 324 wherein said
charge trapping nediumconprises a dielectric Isolated floating gate. 20

326. The nmenor | J0..32 erei.n said. .ch trappin medi um
conpri ses el ec%lerc?’égﬁloﬁ%es%bgt %I'ﬁré?f\gg §t'3|°§.njta?h"f’€{rﬂ§e ﬁEﬁ‘gﬁls‘g‘l‘rP&y of

cl ai m 324and afh Regiohd srBaiSfoeatVh ile SEH ' trappi ng
| ayer of a diel ect?]i C stack.gﬁbZS 328: flﬂhe m&%ﬁ@%ﬁ%ﬁn@cﬁﬁa&% wherein
sai d di el eppadite tsx theksecvodinswatinglayer.N- 0 di el ectric stack.
11111112112121121121211221 11 1111 WO 02/015277 CL MS PCT/1: SO /25092 182
329, The menory array of claim 324 wherein said conductive film conprises

conducd i VRaROl s L array of .claim 329 wherein said
condug i vgsgi Iﬁé gﬁ%ﬂﬂ%&"@“ﬁlﬁ?%%l R duct i ve nmetal . 331. The
nmenory array of sémfddidaetbréiftefiabe;Sai d spaced-apart conductors conprise
polysilicon. 10 332. The nenory array of claim 331 wherein said

spaced- apart aphdadaysrdnadstng kyep bbiwsen fiwd subidiehta paBdctive netal . 333.
The rrermr&MaorSray of claim 331 wherein said polysilicon of

a first planar insulating filler layer disposed between the first source

10 and drain electrodes; and

a first planar insulating filler layer disposed between the second source

and drain electrodes.

340. The TFT CMOS of claim 339, wherein:

18 the first source and drain electrodes comprise second conductivity type
polysilicon rails which extend above the Interlayer insulating layer in a first
plane; '

the first semiconductor layer comprises a polysilicon layer which
extends above the first scurce and drain electrodes in a second plane;

20 - .the gate electrode comprises a first polysilicon layer of a second
conductivity type, a silicide layer over the first polysilicon layer and a second
polysilicon layer of a first conductivity type above the silicide iayer, wherein
the gate electrode extends above the first insulating layer in a third plane;

the second semiconductor layer comprises a polysilicon layer which
25 extends above the gate electrode in a f('mrth plane;
the second source and drain electrodes compriée first conductivity type
polysilicon rails which extend above the second semiconductor layer In a fifth

I

plane; and



sai d spaced-apart conductors conprises polysilicon of a second conductivity
15 type. 334. The nenory array of claim 333 wherein said polysilicon of the
second conductivity type is N + doped. 20 335. The nmenory array of claim
320 wherein said sem conductor filmconprises polysilicon. 336. The nenory
array of claim 335 wherein said first conductivity type is P-. 25 337. The
menory aMQ@/M$27¢| ai m 320, further conprising. an isol aPCeAISHIAsA92di sposed
over said second plurality of space® apart rail-stacks; WO 02/ 015277
PCT/USO1/2 4092 183 a third plurality of spaced-apart conductors di sposed
in the isolation filmin the first direction; a plurality of sem conduct or

w thagj acent - SHekSh G bt nd BB oS BAG hoPBVEREE "5 (ourin

plurality of spaced-apart rail-stacks disposed in the second direction
above and in contact with the third plurality of spaced-apart conductors,
each rail 3d4flackKhe TETTUAOMQS af lctadml 34Dawbereltior age filmand a conductive

fil mdisposed above the |ocal charge storage film 10 338. A TI=T CM35,
conprising: atpgdielastirodpdhe first mvlatlnsﬂmeﬁnﬁgefw@endqqmmmrto a first

si de t I r.ode; .a first L conductor,. | ayer having a first
condu?fi vﬁ%gﬁﬁes%ﬁﬁgd‘s%‘ﬁaﬂ?ﬁ iaﬂ@?&"éﬁﬁ% sgpon 39?"?‘?%%’“13?@ P ng | ayer
Opposi t & bemiphige GoHaf ALSE WHIEK axienbs peROOHASIAND HePfifdt LRI ReCT @ second
conductivity type disposed in the first sem conductor layer; first source
and drai nsetarat smetes and drali eettradédin § eldnerfsHraited 46 @Re @0Bstrate; and
the gate electrode, the first insulating layer, the first semiconductor
layer, the second insulating layer and the second semiconductor layer are
10  aligned in a plane perpendicular to the substrate and parallel to a source to

drain direction.

342, The TFT CMOS of claim 340, further comprising:
a first charge storage region which includes the fi.rst insulating layer;

. 15 and

a second charge storage region which includes the second insulating

layer.

3483. The TFT CMOS of claim 342, wherein:

20 the first charge storage region comprises an 0-N-O stack, isolated
nanoorystals or a floating gate between the first insulating layer and a control
gate dielectric; and

the second charge storage region comprises an O-N-O stack, isolated
nanocrystals or a floating gate between the first insulating layer and a control

e

25 gate dielectric.



drain regions and di sposed on a side of the first sem conductor |ayer
opposite 20 to the first insulating |ayer; a second insulating |ayer

adj acent to a second side of the gate electrode; a second sem conductor

| ayer having a. second conductivity type disposed on a side of the second
I nsulating | ayer opposite to the gate 25 electrode; second source and
drain reQ%%ﬁ@M5V7a first conductivity type disposed i n PCRAIS§E250%

sem conductor layer; and ......... $9611111111111111111111111 IN S WO

02/ 015277 PCT/ US01/ 25092 184 second source and drain el ectrodes in contact
with the second source and drain regions and di sposed on a side of the

second sepuqon t QRS ' ' | ayer. 5 339.
The TFT C'leég O?Hglﬁmt?:gs, OF urt he?ﬁr(g'o‘;r‘r’gref%?ﬁ%&ﬁpﬁqggﬁgﬁgﬁﬁﬁ? or Zubst rate;

an i nt ar | symprises al purtiog dfa/aﬁarbetsmegetrbgoﬁubﬁr’fdaieese%ﬂdtihﬁnérﬁﬁg CMXs;  a
first planar insulating filler layer disposed between the first Source 10
and dr ai nlayeedpes det comptisg & perionpifan ahargasabmagerggionl | er | ayer di sposed
bet ween the second source and drain el ectrodes. 340. The TFT CMOS of claim
339, wherein: 15 the first source and drain el ectrodes conprise second

condUcH! Vel { XionBAHYS ek Uik e b b L Ve

I nsulating layer in a rst ane, gﬁl’E’P conpri ses

a pol ysi | jevers varyiesliybesaratkby A8 oty ihblal/ef ﬁfsuFaQM"gqgvé\'QSjvme'"i‘%i

el ectrodes in a second plane; 20 the gate el ectrode conprises a |Hr st
pol ysi | i ceach deeicedével containsla ploratite 6f TFT\CMOSedeviced bf clalte 34ayer over the
first polysilicon |layer and a second
346. An array of semiconductor devices disposed above a substrate, the
10 array comprising:
a first plurality of spaced-apart conductors dispc;sed at a first height
above the substrate in a first direction; |
a second plurality of spaced-apart rail-stacks disposed at a second
height above the first height in a second direction different from the first
16 direction, each rail-stack including:
a first semiconductor film of a first conductivity type containing
8 plurality of source and drain regions of a second conductivity type in
contact with said first plurality of space&—apart conductors;
a first local charge storage film disposed above the first
20 semiconductor film;
a gaté line disposed above the first local charge storage film;
a second local charge storage film disposed above the gate line:
a second semiconductor film of a second conductlvity type
containing a plurality of source and drain regions of a first conductivity
25 type; and .
a third plurality of spaced-apart conductors coﬁtacting the source and

drain regions of a first conductivity type, wherein the third plurality of

AL



polysilicon layer. of a first conductivity type above the silicide |ayer,
wherein the gate el ectrode extends above the first insulating layer in a
third plane; the second sem conductor |ayer conprises a polysilicon |ayer
whi ch 25 extends above the gate electrode in a fourth plane; the second
source and drain electrodes conprise first conductivity type polysilicon
rails whitQV%%¥id above the second seni conductor | ayer BCA/Usof2s0eh pl ane;
and [LELLEE LEEErE teeer reeer 10 14 -~ s W 02/ 015277 PCTNSOLJ25092 185
wherein the first through the fifth planes do not overlap. 341. The TFT
CMOS of claim 340, wherein: the-gate electrode, the first insulating |ayer,
the first ' : ' ' er and the
Second sen aoogicoete dofiluctors 3¢ HispbH SEEHHR Hth BhbUR thiHGhedd

per pendi cpluralitycoft spadedreparbryil-dtackd)e second source and drain el ectrodes
in a plane parallel to the substrate; and the gate el ectrode, the first
insulating layer, the first semiconductor |ayer, the second insulating

| ayer and .t cond sejyi.con tor layer are 10 aligned in a plane

per pendi c&ﬂ%ﬁ ?getal’iréws?fl;]@f‘%%%aﬂlﬁh?ﬁ%aﬂ pRace Belyvesn gaid spacedtppan

di rectgon L4 further conprising: a first
chargesstgpggﬁctrog%?%ﬁﬁhl C In%bd%hééﬂ%cﬁ@%ﬂapgg l?‘ﬁeﬂ'tjl ating layer; 15 and a
second charge storage regi on which includes the second insulating [ayer.
343. The TFT CMOS of claim 342, wherein: 20 the first charge storage region
conpr i ses 348. OThe @rrayanfslains 84dt whersimsaidrfjrst ahd secord sé®iiondacest € bet ween
the first _jnsulating |ayer and a control gate dielectric; and the second
char ge sté"’rﬁﬁé’c’%ﬁ!s rPQ!\ﬁ?f@ﬁqrb’@é'e'éﬁﬂ O N-0 stack, isolated nanocrystals or a
floating gate between the first insulating layer and a control

10 349. The array of claim 348, whersin said first and second charge storage

‘films comprise a charge trapping medium.

350. The array of claim 349, wherein said charge trapping medium
comprises a dislectric isolated floating gate, electrically isolated nanocrystals,

16  or 0-N-O dielectric stack.

351. The array of claim 350, wherein the gate line comprises a first
.polysilicen layer of a second conductivity type adjacent to the first charge
storage film, a silicide layer aver the first palysilicon layer and a second

20 polysilicon layer of a first conductivity type above the silicide Iayer'adjacent

to the second charge storage film.

382. The array of claim 351, wherein:

said first plurality of spaced-apart conductors comprise polysilicon
25 layers of a second conductivity type; and
said third plurality of spaced-apart conductors f:omprise polysilicon

% c L ] S *

layers of a first conductivity type.



25 gate dielectric. 1111 iii-411ij 11" S ,r W 02/015277 PCTI US01/ 25092

136' 344. The TFT CMOS of claim ein the first insulating |ayer
conprises a portion of a charge gmHmj HE rﬂlm;l | e the second insul ating
| ayer does not conprise a portion Ofc a rage region, 5 345. A
monol i thic three dinensional array conprising a plurality of device |evels
vertical WO8¥YAAt ed by one or nore interlayer insul ati METIEBPER92 wher ei n
each device level contains a plural ¥ of TFT CMOS devices of clai m 344.
346. An array of sem conductor devices di sposed above a substrate, the 10
array conprising. a first plurality of spaced-apart conductors di sposed at

first heyeght ' £ el tion; econd
SI ural i tygtﬁh| sggggyﬁp%féaﬁﬁ%%ﬁﬁéﬂd% s!‘?)gé‘gréhtgtgfgf?tggﬁ&ﬁiraépﬂﬁ?d'above
the first apaitgiindustsrsSaaner compriss iadnethl bf Siiieife tyan the first 15
direction, each rail-stack including: a first sem conductor filmof a first

conductivity type containing a plurality of source and drain regions of a
in contact with said first plurality of

d Lvity type
2322&1- 282’%%%'&%@@? gf; clgim 353 whargin thesoyece;ard dipin regisngicd gosed above
the figst ' fil te.line di d above the first
| ocal haretohd SPRESAUE, foe doibnde SR AdR USROS e 11 1 m df sposed

above the gate line; a second sem conductor filmof a second conductivity
type containing a plurality of source and drain regions of a first

conduct i vi38p. Thetarmay, ofasldina 346, neherkin 2 TFTERPROM ATMA R 8anEe Gonduct or s
contacting the source and drain re%i ons of a first conductivity type,
wher ei n t heTRed atiepeh iniersegtisn of the firstiand thel thirdipatediapiart corghicto®

02/ 015277 aﬁﬂh‘é%la gﬁgg?
10 .
356. A monolithic three dimensional array 6omprlslng a plurality of device
levels vertically separated by. one or mors interlayer insulating layers, wherein

each device level contains the array of claim 3486.

15 3B7. The array of claim 358, wherein the array comprises three or mare

device levels.

3568. The array of claim 357, further comprising a driver circuit arranged in

the substrate below the array and at least in partial vertical alignment with

20 the array.

. 369. The array of claim 368, wherein:
the charge storage film comprises at least one insulating layer capable
of storing charge; and |
25 the driver circuit is adapted to provide a sufficient voltage between a
spaced apart conductor and a gate line in a same device level 1o form a

conductive link between the conductor and the gate line.



187 spaced-apart conductors are disposed at a third hei ght above the second

plurality of spaced-ap | | - 347. The array of claim 346, wherein
a space between said sﬁ ﬁ Tulynductors contains a planar deposited
insulating layer.. 348'% aim 347 wherein said first and

second sem conductor filns conprise polysilicon layers. 10 349. The array
of clai mA8204RErein said first and second charge stor ®a/US0i/2%095 conpri se
a charge trapping medium 350. The 3 ay of claim349, wherein said charge
trappi ng nmedium conprises a dielectric isolated floating gate,

el ectrically isolated. nanocrystals, 15 or 0-N-O dielectric stack. 351. The

f ' ] [ ' £ . | il
Chyor of S60LITHE el b 989, Sdreln ATl By Soa Ve M iaPRIMSY, or age
film a shetweeteat et opioridaetdrianglatiebetsird 6B fdver and a second 20

polysilicon layer of a first conductivity type) above the silicide |ayer
adj acent to the second charge storage film 352. The array of claim 351,

wher ei n: § i, d %Lrst gl ural ity of spaced-apart conductors conprise

pol ysi | i cGR1: 28he ray 0T glaim ?@&M%@w&b&arwwmg@ws aln\gastioe iggic d

pl ur al j tycﬁéuﬁpaced-apart conductors conprise polysilicon |ayers of a first
conductivity -type. _ ..... e e Freerer reeeer rrrjpi 11111 11
11l L 2111111 g iiiiilll L Ms | W 02/015277 PCTFUS01125092 188 353.
The array of claim 352, wherein said plurality of first and third spaced-

apart con86&; ol be fammayhe claiom361s aviteraibt the Mnemitidnel id?id &vklit coPprisddie array
of claim 353, wherein the source and drain regions of a 5 second
conduct i vERYYEERY eronPWANR astedi f f usl on regi ons: 355. The array of claim
346, wherein a TFT EPROM CMOS device is

10 363. The array of claim 360, wherein the array comprises a static random -

access memoty.

364. A circuit comprising a plurality of charge storage devices and a
plurality of anti;fUSe devices.

15
365. The gircuit of claim 364, wherein the plurality of charge storage
devices and the plurality of antifuse devices comprise a same set of devices
which function as charge storage devices when a first programming voltage
is applied to the devices and Which function as antifuses when a second

20 programming voltage high:ar than a first voltage is applied to the devices,

whish is sufficient to form a oonduetive link through a charge storage region.

366. The circuit of claim 365, wherein the antifuse devices comprise
devices in which a conductive link has been formed though the charge

25  storage region of the charge storage device,

367. The circult of claim 365, wherein the charge storage devices comprise

semiconductor diodes containing a charge storage region.



formed at each intersection of the first and the third spaced-apart
conductors and the gate line. 10 356. A nonolithic three di nensional array
conprising a plurality of device |levels vertically separated by one or
nore interlayer insulating |ayers, wherein each device |level contains the
array of claim346. 15 357. The array of claim 356, wherein the array
conpri seVQ P¥UETdr nore device levels. 358. The array ®CIAIsal 20857,
further conprising a driver circuit!®¥rranged in the substrate bel ow the
array and at least in partial vertical alignment with™ 20 the array. ~359.

The array of claim 368, wherein: the charge storage fj i
| east one insulating | ayer capable of storing chargeu mwmgmter
circuit is adapted to provide a sufficient voltage be part

conduct or 388d Th@ireult dgteclaim 367aFhaiGHt ce | evel to forma conductive link
bet ween the conductor and the gate line. | LILELED FLEEED FUEEE TREEL T

L1111 WO 02/ 015tE7dpdes [cdsprisequdesilicioor 880rphtue siliconydioties berang@®th
wherein at | east, one conductive link is formed between at |east one

conduct or 23REPSEimensignal frronplithic) griay, caaining,at Ispsthree devisedewds, wherein

361, wher SoetFRc 87 Tntey 67 RiARfie (A e, STty Hoihy slbosnaidholi) o 5

NAND gat e gudétra¥@sandhe array of claim 360, wherein the array conprises a
static random access nmenory. 364. A circuit conprising a plurality of
char ge st or agetteoharge stochge regionr cdmprisesfa stackiofinsulating ¢zerd 5 365. The
circuit o] cl a& g1 364, V\héarei n the CPI urality of charge storage

acated between p-doped and n-doped regions of the diodes or adjacent to

the p-doped or n-doped regions of the diodes.

10 o
369. The circuit of claim 365, wherein the charge storage devices comprise
EEPROM transistors.
370. The circuit of claim 369, wherein:

15 the transistors comprise polysilicon or amorphous silicon thin film

transistors arranged in a three dimensional monolithic array containing at
least three device levels separated by interlayer Iinsulating layers, the array.
being disposed above a substrate; and

the charge storage region comprises a stack of insulating layers .

20 located between a channel and a control gate of the thin film transistors.

371. The circuit of claim 370, wherein at least one device level of the three
dimensional monolithic array comprises:
a first plurality of spaced-apart conductors disposed at a first haight
25 above the substrate in a first dirsction; and
a second plurality of spaced-apart rail-stacks diéposed at a second
height in a second direction different from the first direction, each rail-stack

including a semiconductor film in contact with said first plurality of spaced-



devices and the plurality of antiuse devices conprise a sane set of devices
whi ch function as charge storage devices Wwhen a first progranm ng voltage

is applied to the devices and ' ' antifuses when a second 20
progranmmi ng vol t age hi gher tha\é\ﬁrun"mﬂwmﬁmbﬁgul s applied to the devices,
which is sufficient to forma conduetivedi s rough a charge storage
region. YS@E2OIRFE circuit of claim 365, wherein the ant iBQRESIgWPLes
conprise devices in which a conduct?Ve 'link has been formed though the
charge 25 storage region of the charge storage device. 367. The circuit of
cl ai m 365, wherein the charge storage devices conprise sem conductor

di odes contai.ni ng a. _charge storage. .redi o, Q2/ 277.,PCTI USO1/ 25092 190
11T 11111?&1‘1‘|"i°f‘?“i*1°fi1???‘fﬂ% |°Ba%%5*‘§9%ﬁg’ﬂm %H??e‘g%é%‘feaﬂ?ﬁ 367, wherein: the
di odes Pomi&%ae&aismp aha aOorfRITRHPE B cidddseaubdladRs IGéel %ﬂg.@é in a

three di nensional nonolithic array containing at |east three déevice |evels
5 separ at etbrbge ffilther | ayer insulating | ayers, the array being di sposed above

a substrate; and the charge storage region conprises a stack of insulating
| ayers | ocated between p-doped and n-doped regions of the diodes or

dj t t -d - d i .of the. diodes, 10 ., 369. The
it eurs ofi 72 e SHEUR Hlateinh PG RS divaerim a STt SUEaE SlFh i BiprOM
; ot o - . ot
conpr i se. parpdto diaidd &g Hfsy Brodrafiniing Y2italiQ th | ot fot bhBnarg@7s B 000
I n a thr eetstage diovzaa toniin® thd First set bfyhareiAbrigeddéliced €Yy t hree devi ce

|l evel s separated by interlayer Insulating |ayers, the array being disposed
above a sim¥easinga tmeshaid voltape of thefirsf set of charasostpragecdevices apd of
i nsul ati nq I a%ers 20 | o%;t ed between ?‘Pch?nnel and a.cqgntrol gate of the
thin film®PE \ipe the Second programMINg Yoftaae o @ sacond Ast F@#%ﬂ%‘%ast one
devi cqgl e\elicRE th¥8ri Y E&nductive link through the charge storage region of the

second set of charge storage devices to convert the second set of charge

storage devices to antifuse.devices.

373. The circuit of glaim 372, wherein the circuit comprises a fisld

15 programmable gate array or a programmable logic device.

374. The circuit of claim 373, whersin the circuit is programmed to function
as an inverter, a NAND gate or an SRAM.

20 375. The circuil of claim 373, wherein an area per logic gate in the circuit is
- HF{x+ 1)2 to 5{F{x+ 1))?, where F is the minimum feature size and x is the

number of inputs on the logic gate.'

376. A method of programming a circuit, comprising:
25 providing a cireuit comprising a plurality of charge storage devices;
applying a first programming voltaga ta a first éet of charge storage
devices to turn the first set of charge storage devices off by increasing a

threshold voltage of the first set of charge storage devices; and



di mensi onal nonolithic array conprises: a fi rst ___pI urality of spaced-apart
conduct ors di sposed at da }‘l I’S][. hei ght 25 ‘above Ehe .sijbi;gig hinsg(r)sfeijr:l': .
[ i on; d a secon urali rail -
Slerzgﬁéll Oﬂéi gﬂt in a secoﬁd di reumﬂ“"ﬂm,mﬂmmrom the first direction,
each rail-stack including a sem conddct®r filmin contact with said first
pluralityWep2¥sgided | (111111 1111119; L1 X111221 1111 Pswm:f_mslmz)é&?? o
PCT1US01125092 191 apart _conductoré, a local charge storage filmdispos
above the sem conductor filmand a conductive filmdisposed above the
| ocal charge storage film \?m?)?ﬁ ~The gl r;:w ttof (r:lj\a/t: (rjneSEﬁé ;Htsther
rising a drj circuit ich is a e 0 :
g(r)ggr ammi gg voFPé@@gc%sgc?W Qfo%ﬁW"HFgé'ﬁ'ggﬂﬁ% &#&Bg s@é\ﬂf(99§rﬂ%l tur nI t he
first set 1@ L fftival | J3.C | r Q vol t age
of the fi rsgtgraggﬁi bg%e%rfgrfggﬂsfg%gge l(yg\;{ngglsﬁrcgir@ é? ?%?%%@P%g%nd
progranmi tige setdradjset of charge @oragetdevices hara@pveiaha $RcefAd d8v bf RRaldge form a
conductive |ink through the charge storage region of the second set of
charge st §fgae deyicesdotantifuss devicehe second set of charge storage devices
to antifuse. devices. 373. The circuit of claim372, wherein the oircuit
conprisSes a field 15 programmble gate array or a proglrj??’rr?bl erl)ogr;g(r:med O
devi ce. 3847, The GhétHdal ol 378, WhbreifBE el ANyl EEU L L 5a 700 ¢
f tion as an inverter, a gate or an 37 A'rcuit of
unC I ! . . . . ' .
cl ai m 373 chalyr stoPagdd@viese Bemplieditiie §athe thréé’@to‘Pé%&Hé&icé%.he‘l_( EI(J ﬁgerl) éfZ to
S(F(x+ 1))2, where F is the mninumfeature size and x is | .
I nputs on the logic gate. 376. A nethod of progranming a circuit,

ctorage A7 eThe Taodaien 573, wirsan hmicRgran stose devises | ?L‘gr Set of )
gcair gg(r)zgglbﬁ'gﬁ%se%ﬂiﬁsﬁddﬁo} Hiodel 'dSntdinim ascq%argé s%]r%rg ?’eéﬁ%g.r age devices o
379. The method of clalm 378, wherein:
the diodes comprise polysilicon or amerphous silicon diodes arranged in
& three dimensional monolithic array containing at least three device levels
15 separatec} by interlayer .insulating layers, the array being disposed above a
substrate; and
the charge storage region comprises a stack of insulating layers
located between p-doped and n-doped regions of the dicdes or adjacent to

the p-doped and n-doped regions of the diodes.

20
380. The method of claim 379, wherein the charge storage devices
comprise EEPROM transistors.
381. The mathod of claim 380, wherein:

25 the transistors comprise polysilicon or amorphous silicon thin film

transistars arranged in a three dimensional monolithic array containing at
least three device fevels separated by interlayer Insulating layers, the array

being disposed above a substrate; and



threshol d voltage of the first set of charge storage devices; and
FEUIEI113111111212112 wl 11T 1111117 'M S WO02/015277 PCT/ US01/ 25092 192

appl yi ng a second programmmumumm, second set of charge storage
devices to forma conduct B ﬂma charge storage region of the
second set of charge storage Hevi cd's fo tonvert the second set of char ge
storage dEQW¥®S2To. ant.i fuse devices. 5 377. The nmethod GfCTAUSNLRSBT6,
wherein the first and the second set!® of charge storage devices conprise
t he sane charge storage devices. 378. The nethod of claim 377, wherein the

charge storage devices 10 conprise sem conductor di odes containing a

char ge storagetf'gg'hﬁp. t379. The net hod of claim 378, wherein: the diodes
conpri se pol ysiTTi Con 95 SQAARITIRD COMPHRE A strrkoinsulatiea laversa t hree

di nensi onage kh/aE | Y vice |evels 15
separ at ed by@gﬁrﬁgggr@?mﬁf&aﬁg g&%rl?at% ﬁ%ﬁ@?ﬁﬂg‘fwlﬁpgﬁmsed above
a substrate; and the charge storage region conprises a stack of insulating
| ayers | ocated between p-doped and n-doped regions of the diodes or

adj acent 582t f8egnedwsdioheiain 376 avherein thescixsuitt ik progragened 20 380. The
met hod5of f‘?’ L m 379, \Aﬂ_’gei n the charge storage devices conprise EEPROM
transi Stors. 9SfH89 HBu of claim 380, wherein; 25 the transistors
conprise polysilicon or anorphous silicon thin film transistors arranged
in a three dinmensional nonolithic array containing at |east three device

| evel s se@83at THe hyiethoidest clxied 3785 wmrgmgmeaaﬁu&,igtph@?.@ﬁ,ﬁgd 1§€i ng di sposed
above a substrate; and 11111111111111 11111 11111 1 TI ns
function as a static random access memory. '

10 384. A semiconductor device comprising:
a semiconductor active region;
a charge storage region adjacent to the semiconductor active region;
a first electrode; and
a second electrods;
15 whaerein charge is stored in the charge storage region when a first
programming voltage is applied between the first and the second electrodes,
and a conductive link is formed through the charge storage region to form a
conductive pgth between the first and the second electrodes when a second

programming voltage higher than the first voltage is applied between the first

20 and the second electrodes.

385. The device of claim 384, wherein the first programming voltage turns

the device off by increasing a threshold voltage of the device.

25 386. The device of claim 384, wherein the device comprises a'

semiconductor diode containing the charge storage réion.

387. The device of claim 3886, wherein:



WO 02/ 015277 PCT/ US01/2.5+092 193 the charge storage regi on conprises a
stack of insulating |layers |ocated between a channel and a control gate of
the thin filmtransistors. 382. The nethod of claim 376, wherein the
circuit is programred to 5 function as a logic gate. 383. The nethod of
claim 376, wherein the circuit is programmed to function as a static
random ad¥@8¥01fiory. 10 384. A sem conductor devi ce coR@ATUSOHE092 g

sem conduct or active region; a chard¥ storage regi on adjacent to the

sem conductor active region; a first electrode; and a second el ectrode; 15
wherein charge is stored in the charge storage region when a first

programm ng volt age applied_betwe the first t. second el ectrodes,
and a cpnducti{%ea! %R‘Pb%%a R%Y%ﬁw P Eﬁﬁ’f@@%%ﬁ‘g‘aﬁ@g. on to forma
conduct i V%rraﬁg{éd afw;‘e il nwgl:ime éﬁ?%ﬁhﬁ@téﬂ@s&m a second
progranmm ng v age er than th I rst vol'tage is applied between the
first 20 dantd:etlbeelseepaﬂted bytinedieyer BGlatihpeaysry, the arfaybeing 384, wherein
the first programmi ng voltage turns the device off by increasing a

t hr eshol ddmﬂmag@b@wemwmwwn@5 386. The device of claim 384, wherein

t he deyice co sen conduct or di ode ont arge storage

r egi on® 387 EﬁRﬁec’&°Eﬁ9°c’e§!% %‘%!'8”'9&%?8? ‘%“6@% %‘)“Ffﬁc% U801/ 28002
194 the di Qéja%ez?%%%gﬁige@uﬁnﬁd hi rﬂ&né‘HPElPJ‘Qélﬁ:c%hthfH? Sfode

arranged in a three |c array containing at least three

devi ce | evggisnFRRbadisde by attjabent ﬁyﬂfe |bmpéab'r moddpdepcitiohB@faheay bei ng
di sposed above a substrate; and 5 the charge storage region conprises a

stack of iseputendusgor ag'hwesredimtafmbd@dﬁeen p-doped and n-doped portions of
t he sem conductor active .

10 388. The device of claim 385, wherein the device comprises an EEPROM

transistor.

389. The device of claim 388, wherein:
the semiconductor active region of the transistor comprises a
15 ' polysilicon or an amorphous silicon thin film disposed on an insulating layer:
the transistor is arranged in a three dimensional monolithic array
containing at least three device levels separated by interlayer insulating
layers, the array being disposed above a substrate; and
. the charge storage region comprises a stack of insulating layers
20 located be'tween a channel in the semiconductor active region and a control

gate of the transistor.

390. The davice of claim 384, wherein the device is arranged in a field
programmable gate array or in a programmabie logic device.

25 '

' 391. A method of making an array of semiconductoé devices disposed

above a substrate, comprising:

* c L M S *



region of the diode or adjacent to the p-doped or n-doped portions of the
sem conduct or active region of the diode. 10 388. The device of clai m 385,
wherein the device conprises an EEPROM transistor. 389. The device of

cl ai m 388, wherein: the sem conductor active region of the transistor
conprises a 15 polysilicon or an anorphous silicon thin filmdisposed on an
i nsul ati WP 27T the transistor is arranged in a thr eBCBUSEMSINal
monolithic array containing at |ea¥® three device | evels separated by
interlayer insulating |layers, the array being di sposed above a substrate;
and the charge storage region conprises a stack of insulating |ayers 20

| ocat ed between a.channe] in the . sen conductor ,active,regi on. a control
it o of the s riwantd 8RSt ghfald orEa: R ARt RhrRFiors Sigededan et uovi co i s
arranged i, i |6 d or in a programmable | ogic
devi cg. Zgaggﬁgb%%tertﬁﬂgg o? naEiaﬁféﬁgtr?ﬁS?Er'%@yof sem coﬁdugtor devi cesg

di sposed aboviorming asirstirsulatingiayei auer dnkl detivebh khé ¥ikst tonductdstl 11 1111
L WD 02/ 015277 PCTJU801/25092 195 formng a first plurality of

spaced- apart cliatardziog 3helingydating ayentda expase theifiyht comduatorshie substrate in
a first directjon; form'r?]??F first insulating | ayer over and between the

first Ronducto ‘,'""_'Q)Paﬁ’@ IRy ereomREsing:a tjsg °W°§‘Rrp'6¥%r #he first
SUTCEERVEEY A WEME A e e

| ayer of a st C ype I n con st plurality

of spacedegpdidtors; WElee 166} chardd §1dtadeORitd dePas&LaBéW ALk M di sposed
above the first sem conductor |layer, a gate |line disposed above the first

| ocal chasemisinduatper layer, = gate dieealishdsed albové ahg éirsttlocalgshatge sratageosed
above the _gate line and a 10 second sem conductor |ayer of a second
conduct i Vfl?rp. a ppeonthinral charaecsstarage film disposed above the gate line and a

10 second semiconductor layer of a second conductivity type above the second
local charge storage film;
patterning the stack of layers to form a second plurality of spaced-
apart rail-stacks disposed at a second height above the first height in a
second direction different from the first direction;
18 forming a second insulating layer ahove and between the rail stacks:
planarizing the second insulating layer:
forming a plurality of trenches in the second insulating layer;
farming a conductive layer in the trenches and over the second
insulating layer; and
20 - planarizing the cqnductive layer to form a third plurality of sbaced—
apart conductors disposed at a third height above the segond plurality of

spaced-apart rail-stacks,

392. The method of claim 391 wherein sald first and second semiconductor

- 25 layers comprise polysilicon layers.

393. The method of claim 322, wherein said first and second charge

storage films comprise a charge trapping medium.

Lt



| ocal charge storage film patterning the stack of layers to forma second
plurality of spaced- apart rail-stacks di sposed at a second hei ght above
the first height in a second direction different fromthe first direction;
15 formng a second insulating | ayer above and between the rail stacks;

pl anari zing the second insulating layer; formng a plurality of trenches in
the secoMPIHR7ating | ayer; form g‘% a conductive | ayePCILASII2502r enches
and over the second insulating |ayetf, and 20 planarizing the conductive

| ayer to forma third plurality of spaced- apart conductors disposed at a
third hei ght above the second plurality of spaced-apart rail-stacks. 392.
The nethod of claim 393 wherein said first and second sem conductor 25

| ayers conprise polysilicon |ayers. 393. The nmethod of claim 392, wherein
said firsgggnd i ' ' ' rappi ng

roct um T T 1) Lo ot Whereln $0 S8ARiE S8aAnErtBbdEnt 55052 106
394. The penipddent diélactric388latedhHoatimg gaia] etdvaricallyt isalaped gandetystals,
conprises a dielectric isolated floating gate, electrically isolated

nanocr yst 87 ©-N-@dieteqirio stagk.ect ri ¢ stack. 5 395. - The nmethod of clai m 395,
V\/nerei$ the gate line conpri'ses a first polysilicon |ayer of a second -
conductivity type adjacent to the first charge . storage film a suicide

| ayer ove heThd | S sl I : L4 con | ayer of a
first congt?icstiw%ﬁtygg %E%A\‘/ﬁerp?%g'y |ec'ﬁ3§elggf/egﬁﬁga ?g@g%%élalfhgfo t he second
charge st polysiticbh llayer3fta sddvhdesrithdtiofty tsé njalant fatHd Brst GhERId Si N9

out di ffusing do?_ants of a second conductivity type fromthe first

conduct or §tarage fitmea fsilicide layerprenthechirst pblysiicon dayesramdsamsecondand dr ai n

regions. 15, .. . . .
9 polysilicon layer of a first conductivity type above the silicide layer adjacent

10 to the second charge storage film.

388. The method of claim 391, further comprising outdiffusing dopants of a
second conductivity type from the first conductors into the first
semiconductor layer to form source and drain regions.

15
397. The method of claim 391, further comprising implanting ions of a first
conductivity type into the trenches to form source and drain regions in the

second semiconductor layer.

20 398. The method of claim 391, further comprising forming sidewall spacers

on rail stack sidewaells prior to forming the second insulating layer.

399. The method df claim 321, wherein the second plurality of rail stacks

are disposed perpendicular to the first and the third plurality of spaced apart

| IO



397. The method of claim 391, further conprising inplanting ions of a
first' conductivity type into the trenches to form source and drain
regions in the second sem conductor |ayer. 20 398. The nmethod of claim
391, further conprising formng sidewall spacers on rail stack sidewalls
prior to @5223&3% the seoond insulating layer. 399. The method of clai m 391,
wherein t Ad plurality of rail stacks are di spos®@GTHEPHIAM cul ar to
the first and the third plurality oimspaced apart 25 conductors.
111111121232 22a¢22°r bbb 11 MS W 02/015277 PCT/ US01/ 25092
197 400. The nethod of claim 391, further conprising nonoiirthically formng
a pl ural 409, THe addhod ofiaine39 teflrghee! ris i hree

di mrensional rnonolithic array having atﬁﬁagzﬁmg%ééﬁl&ﬁfﬂlﬁé. 5 401. A
f1 ash nenBiyelBy of\additioml sievicedovela of ubs array ao folm athrey diiengiongi Ng: a
first plurali E .Of sg{a}%ed-apa[t conductive bit lines disposed at a first

hei ght abBPECIHUC &MY HayinRg phieast three devicedeydls and a second plurality of
spaced-apart rail-stacks disposed at a second. 10 height In a second
direction different fromthe first direction, each rail-stack including: a
pl ur al8 ty408. SRMsshURIc sl lisosddQRveld MibsHt A ey N CONLACT Wi th
said first plurality of spaced-apart conductive bit ['ines;’” a conductive
wor d | i necompdsing: char ge storage regi ons di sposed between a second surface
of the sem conguct r islands and the word line. 402. The array of claim
401, wherein shilESIJRHTalEy of spaced-apart sonduetivg kis lings disposed ab adfirsa fi r st

ol ands | pebk¥BSys fk Pitrat o B AL dlkefeiANd  cgi one of a cecond o
conductivity t¥B8céHd plurality of spaced-apart rail-stacks disposed at a second
10  height In a second direction different from the first direction, each rail-stack
including:’
a plurality of semiconductor islands whose first surface is in
contact with said first plurality of spaced-apart conductive bit lines:
a conductive word line; and

15 charge storage regions disposed between a second surface of

the semiconductor islands and the word line.

402. The array of claim 401, wherein said semiconductor islands comprise

polysilicon of a first conductivity type.

20
403. The array of claim 402, wherein said polysilicon islands include
outdiffusion source and c!rair't regions of a second conductivity type at
contacting intersections between sald spaced-apart conductive bit lines and
sald spaced-apart rail-stacks.

25

404. The array of claim 403, wherein said spaced-a'part conductive bit lines

comprise polysilicon of the second conductivity type in contact with the

source and drain regions.

* c L L] S *



contacting intersections between said spaced-apart conductive bit lines and
sai d spaced-apart rail-stacks. 25 404. The array of claim403, wherein said
spaced-apart conductive bit lines conprise polysilicon of the second
conductivity type in contact wwth the source and drain regions. 111111
LI rrirl 11111 11 CHE WD 02/ 015277 PCT/ US01/ 25092 198 405. The array
of cl ai MRt her conprising a netal or a netal sui ®CTASOVWPEr in
contact with the bit lines. 5 406. e array of claim 401, wherein a space
bet ween said spaced-apart conductive bit lines contains a planarized

i nsulating material. 407. The array of claim406, wherein the charge
storage regions conprise a dielectric isolated floating gate, electrically
i sol ated naneocrystals or an O 111-0 10 dielectric stack. 408. The array of

cl ai m 407406heThe narréy of claimgkl4t furthee comgirising  amual ees mdthlosilicige gat e
between a tunnel dielectric and a control gate dielectric; 15 lateral

si des of lawer inppetacymdthethe big liagsk t he floating gate are aligned to

| ateral sides of the sem conductor islands; and the control gate dielectric
ext ends between the sem conductor islands and contacts the planarized

sl % { NOBR hl el L ERAnLAT1, S HbAANG UHREE beb3baN ISy FAcipalite arr Y

of claim407, wherein t arge storage on conp I ng gate

nmade fronmcémdicthiechit tinks aontaingd8 pkdiarized sMdithgambfasiar ed surface | ocat ed
between a tunnel dielectric and a control gate dielectric. 25 410. The
array of claim401, wherein the word Iine conprises a polysilicon |[|ayer of

a second dugtivity type and_.a netal or netal suicide |layer in contact
with the %@?ysﬂ‘? & |°£}8?lf“ %Pr WﬁfﬂnltﬁP |°%FT9q $Hcrage ¥eoiQns comprise a
dielectric isolated floating gatse, electrically isolated nanocrystals or an O-N-O

10 dielectric stack.

408. The array of olaim 407, wherein:
the charge storage regions comprise a floating gate between a tunnel
distectric and a control gate dislectric:
i5 lateral sides of the tunnel dielectric and the floating gate are aligned to
lateral sides of the semiconductor islands; and
the control gate dielectric extends between the semiconductor islands
and contacts the planarized insulating material between the semiconductor
islands.
20
408. The array of claim 407, wherein the charge storage region comprises
a floating gate made from hemispherical grain polysilicon with a textured

surface located betwesn a tunnel dielectric and a control gate dielectric.

25 410. The array of claim 401, whereln the word line comprises a polysilicon
layer of a second conductivity type and a metal or a mstal silicide layer in

contact with the polysilicon layer.

) O A A
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[
PCTI USO1/ 25092 199 411. The arra | 01, wherein the rail stacks
are di sposed above the bit lines. m@m)mwﬁl Hmf claim 401, wherein the
rail stacks are di sposed below the '« L gnee M3 The array of claim
401, wherein the word line and the charge storage region are offset apart
from draiPPEYSHAs in the semiconductor islands. 10 414 PCTABOH2H0% of claim
413, wherein an insulating layer iscated between the seni conductor

i sl ands and the word lines i'n an offset region. 415. The array of claim

401, wherein the sem conductor islands are |located at an intersection of
the rail c and t he,bj ljoes. . 15.416. Th rra f clajm415, wherein
TFT EEPRC]%éqaﬁh? o?’ﬁ@él°5f’|aﬁ'ﬁ'ewf'n%?£°&%’?%¥ﬂ' Siacks, are dsposad-aRavethe t he bit
lines. 41 (jhg, array of claim 416, further conprising access transistors

| ocated 20 at the intersections of the rail stacks and bit lines. 418. The
array of claim41l7, wherein: the sem conductor islands contain adjacent
channel regions of the access transistor and t he EEPROM bet ween common
source anéd1ér afhe amay oficlaid, 49 hewiierain theeall stackn arendisposagbbalovotha he
EEPRO\$ aB& Iﬁ\%te el ectrodes of the access transistors; Il1l11111hu

IR PP 11 ns WO 02/ 015277 PCTIUSO1/25092 20U a first insul ating

| ayer forns a common control gate dielectric of the EEPROVMs and a gate
insul ating layer of the access transistors; and

413. The array of olaim 407, wherein the word line and the charge storage

region are offset apart from drain regions in the semiconductor islands.

10 414. The array of claim 413, wherein an insulating layer is located between

the semiconductor islands and the word lines in an offsat region.

415. The array of claim 401, wherein the semiconductor Islands are located
at an intersection of the rail stacks and the bit lines.

156
418. The array of claim 4158, wherein TFT EEPROMs are formed at the

intersections of the rail stacks and the bit lines.

417. The array of claim 4186, further comprising access transistors located

20 at the Intersections of the rail stacks and bit lines.

418. The array of claim 417, wherein:
the semiconductor islands contain adjacent channe! regions of the
access transistor and the EEPROM between common source and drain

25 regions;

the word lines form control gates of the EEPRdMs and gate elecirodes

of the access transistors:



a floating gate and a.tunnel. dielectric are |ocated between the word 1|ines
and the channel region ﬁh t he EEPROMs. 5 419. The array of claim416,

wherei n an EEPROM cel | "”"’ muﬂl,”ml, programed when its source bit |ine
floats or is grounded, and a high

is grounded, its drain

positive voltage pulse is app ied to fhe selected EEPROM cell's word l'ine,
whi l e al WQWMP27Bi t |ines on a sane_device 10 | evel arePCEUSONS0% i ng or
are placed at a slight positive vol #ge while all other word lines on the
same device |level are grounded. 420. The array of claim419, wherein a

plurality of EEPROM cells are programed at the sane tine. 15 421. The

array of cl ai 0 to V. 422.
The array of clai m]ﬂ'\%@%@hg iﬁo@%%ﬁﬂ%&ﬁ{gﬁﬁ%&%%{ ctHF’r 3[1?5 er ased
by pul si NnBEPROM®EA lal getetifs@aid layeP 8¢ thé H@céé%'ﬁ%éfé’cbl‘se drigs source and
drain bit lines are grounded; or an EEPROM cell in the array is erased by
groundi ng its adloditingepatecndputwinetdieledtiaate tmate;itf betveeatDtHec®opgid drain to
[ iti.ve value. 25 423. The array of claim422, wherein: a plurality

a high po
of EEPROVFE%? pad thePHE"%‘?Ir”SQ"’Er%f the B @?/C%N'St he sanme time by pursing a

pluralgty of word lines to a high negative value mhlle all 'bit lines are
grounded; or 111121111221111221111 | | I | 111 | n s WD 02/ 015277

PCT/ USOL/ 25892The Rhrayoifbisi? i By vmer&ﬁ%?@tmbm@mm Griyp are erased at

the sane tinme by grounding their wordlines and pulsing at Teast one of

t hei r soupoegramtnelt mihent its saureedit oS istgroanded, Uts dfaind B4 1ind efgal i thic three
di mensional array conprising a plurality of device |Ievels wherein each

devi ce | efigptconiBgraunded and apids pesitivenvoltage puise is applied to the
selected EEPROM cell’s word line, while all other bit lines on a same device

10 level are left floating or are placed at a slight positive voltage while all other

word lines on the same device level are grounded.

420. The array of claim 419, wherein a plurality of EEPROM cells are

programmed at the same time.

15
421. The array of claim 420, wherein the programming voltage is 10 to 20
V.
422. The array of claim 419, wherein:

20 an EEFROM cell in the array is erased by pulsing its word line to a high

negative value while its source and drain bit lines are grounded:; or
an EEPROM cell in the array is erased by grounding its wordline and

pulsing at lsast one of its source and drain to a high positive value.

25 423. The array of claim 422, wherein:
a plurality of EEPROM cells in the array are eraéed at the same time by

pulsing a plurality of word lines to a high negative value while all bit lines are

grounded; or



425. The array of claim424, wherein each cell size per bit in the array is
about 8F2/N to about 11 Fa/N, where Fis a mninumfeature size and Nis a

10 nunber of device levels in U!m#muﬂm“ﬂm” Ehe array of claim424,
further conprising: an interla I yer above the second

pl ural i tg}vOf sp aced apart rail -stacKs; "15%a third plurality

of - spece 182%onducti ve bit |ines .d| sposed at a thir @CIASOY2R0922bove. t he
substrate in the first direction; af a fourth plurality of spaced-apart

rail-stacks disposed at a fourth height 1in '"the second direction different
fromthe first direction, each rail-stack including: 20 a plurality of

sem conduct or lgSgiarity M'EEPRUM SeNS W iC5rd ar'e”era&é@%f“&ltne Wehg tﬁﬁé third

plurality of spaced-apart bit lines; a conductive ward T1ne, CHar ge

storage r guourdinglitsgio serdihnes\een pals&@@lrﬁamﬁ@@?tﬁéir séilrees TR GraHst Or
I sl ands and the word line. 25 427. The array of claim 426, further

conpri si né: high Hoﬁtﬂé’rel‘éﬂ’@? I nsul ating | ayer above the fourth plurality. of
spaced-apart rail-stacks; WO 02/015277 PCITNS01125092 202 a fifth
plurality of spaced-apart conductive bit lines disposed at a fifth height

above 5Ne A = AKABILARS thidki iRl dfey BEmbHER FLLRF W askhil 2 o

plurality of spaced-apart ral stac ose

second di leads whedelhfmhrdevidmv‘éﬂ‘@ﬁtahstthdlah%?tde:ﬂam'ﬁﬂ-qE rail-stack 5
including: a plurality of sem conductor islands whose first surface is in

contact with said fifth plurality of spaced-apart bit |ines; a conductive

word |ine; harge stara egi ons, di sposed bet ween a second surface of

10 the seﬁizg‘.'gna-ﬁﬁta('}%yl ‘;Q‘ﬁlﬁ@%ﬁa%@emﬁ@ | ellcsize per bit in the array is .
about 8F*/N to about 11F?*N, where F is a minimum feature size and N is 3

10 number of device levels in the array.

426. The array of claim 424, further comprising:
an interlayer insulating layer above the sacond plurality of spaced-apart
rail-stacks: '
15 a third plurality of spaced-apart cenductive bit lines disposed at a third
height above. the subsfrate in the first direction; and
a fourth plurajity of spaced-apart rail-stacks disposed at a fourth height
in the second direction different from the first direction, each rail-stack |
including:
20 a plurality of semiconductor islands whose first surface is in
contact with said third plurality of spaced-apart bit lines;
a conductive word line; and
charge storage regions disposed between a second surface of
the semicenductor islands and the word line.
25
427. The array of claim 426, further comprising:

an Interlayer insulating layer above the fourth plurality of spaced-apart

rail-stacks;



428. The array of claim 424, wherein the word |line, the charge storage

regi ons and the sem conductor islands of the rail stacks are aligned in a
pl ane perpendicular to the substrate and parallel to a source to drain
direction. 15 429. The array of claim428, wherein the word |ine, the
charge storage regions and the sem conductor islands of the rail stacks
are ali gﬁ@B"?’WW@ pl anes perpendi cul ar to the substr atRETARILIRMWPAI | el to a
source to drain direction. 20 430. ¥ nethod of nmeking a flash nenory array
di sposed above a ‘substrate, conprising: formng a first plurality of
spaced-apart conductors disposed at a first height above the substrate in

S ber s th Bt/ b1 dobildudle ciRNIRLL Mt SNCYShOSEH AT, RRtnee" e

first conductors; ormng a stack o ayers conprisin

seni condudweight|abpee thadnteriaybringalatihgiags ih theFirdt ditdckiond &ad 11 11111 [1111
[T 111 * CL M$S W 02/015277 PCT/US01125092 203 patterning the stack to

form a plural i @i plurality ofispacedrapart cojhplecks dippesed atiacsixttiuisgight Irai | and
a charge I Lon rai hayi ng at. | east one aligned |ateral edge;
form ng séh‘?g%g%m%gﬁfgﬁlw agb‘f%ﬂ@{'f’ﬁ' th?ef'@éair%'i%cﬁaﬁh rpiitstagk 5 forning a

secondscomgaghgg | ayer; and patterning the second conductive | ayer and the
first rail stacks to form a plurality of second rail stacks conprising a

word |ine, charge saqiwgiity etisernicondlioedSsiandt S/ABLE MMAUSrBce islignds.
wherein the second rail stacks are aligned in a plane perpendicular to the

substrate and gaprtactavith said fifshphrality afr spaced@pdririsictihes;. 431. The et hod
of claim430, wherein: the.ste f.forming the first insulating |ayer

| ocat ed between t he2foopgHctive word line; and
charge storage regions disposed between a second surface of

10 the semiconductor islands and the word line.

428. The array of claim 424, wherein the word line, the charge storage
regions and the semiconductor islands of the rail stacks are aligned in a plane
perpendicular to the substrate and parallel 1o a source to drain direction.
15 '
" 429, The array of claim 428, wherein the word line, the charge storage
regions and the semiconductor islands of the rail stacks are aligned in two

planes perpendicuiar to the substrate and parallel to a source to drain
direction. '

20

430. A method of making a flash memory array disposed above a
substrate, comprising: |
forming a first plurality of sbaced-apart coﬁductors disposed at a first
height above the substrate in a first direction;
25 forming a first insulating layer located between the first conductors;

forming a stack of layers comprising a first serﬁiconductor layer and a

charge storage film;



conductors conprises formng the first insulating | ayer above and between
15 the first conductors and planarizing the first insulating |ayer to
expose the first conductors; and the step of formng the stack of |ayers
conprises formng the stack of |ayers on the exposed first conductors and
the planarized first insulating layer. 20 432. The nethod of claim 431,
wher ei n t‘%%"’é?léﬁ"of form ng the source and drain regi oRSCTAINPLN02ES

out di f fusi ng dopants of a second codfuctivity type into the sem econductor
i slands of a first conductivity type fromthe first plurality of
spaced-apart conductors. 25 433. The nethod of claim 430, wherein: the step

of form ng thephttefiing iRe sfdd f ﬁ,p%m i ' he fi.rst

i nsul ating | aygr on rt.'%e se%dgg!%dlﬁﬁpl S aggg?%?{ ﬁllergtégi%ﬁ%fnpﬂﬂngs? ack; and
e semigonductor rall lahiila bharhelstarehd kagibn! bl Mavikg bt lddsh ohell1l 11111

I I I I I M S WO 02/ 015277 PCT/ USOL/ 25092 204 "the step of formng

1L

the first al!%?ﬁﬂll??%’ﬁ!;eé%pri ses formng trenches in the first insulating
| ayer, deposi tH}g_’ia segond c gduct i ve Iﬁ@r in the trenches and over the
first insulating 1498 éﬁ?aa’bci) TR FeginR® Imiessrpigandystaudilsie | ayer. 5 434.
The nmeghod of fdrﬁ*iiﬂé%%%c%ﬁﬂﬁnﬁhcﬁ@@la{y}e{:'séndcondUCtOrs conprise a
polysilioon |ayer and a netal or netal' ‘suicide |ayer; and the word |ine
conprises a popatsetnimpthd syesnddshducivb Myep andBha first kicCdds 10 43s.
The method of claim 430, wherein said cha‘? ge storage regéltgnksl' lgf;‘g‘%g

a plurality of second rail stacks comprising a word lins, charge storage region

islands and semiconductor islands, wherein the second rail stacks are aligned

in a plane perpendicular to the substrate and parallel to a source to drain
10 direction, '

431. The method of claim 430, wherein:
the step of forming the first insulating layer located betwesn the first
conductors comprises forming the first insulating layer above and between
16 the first conductors and planarizing the first insulating layer to expose the
first conductors; and ..
the step of forming the stack of layers comprises forming the stack of

layers on the exposed first conductors and the planarized flrst insulating

layer.

20
432. The method of claim 431, wherein the step of forming the source and
drain regions comprises outdiffusing dopants of a second conductivity type;
into the semiconductor isiands of a first conductivity type from the first
plurality of spaced-apart conductors.

25

433. The method of claim 430, wherein:
the step of forming the first insulating layer comprises forming the first

insulating layer on the semiconductor islands of the second rail stack; and

e



conprise dielectric isolated floating. gates,.electrically isolated
nanocrystals., or O N O diel mﬂﬂﬂ stacks. 15 436. The nethod. of claim
[

435, wherein: the step of for u I Hm hprises formng a tunnel
dielectric layer and a float #Wer the first sem conductor

| ayer; and the step of patterning the stack conprises form ng a photoresist
mask oveéfCPMUSIToating gate layer and etching the stacPCTASIL25092 he
plurality of first 20 rail stacks é¥nmprising sem conductor rails and
charge storage region rails conprising tunnel dielectrics and floating
gates, the first rail stacks having two aligned |ateral edges. 437. The

i el octri ¢ 1 aym® 5o ot TokHife S Rts: Hobduers RibofispE Rrrting Wiries i wier ei n

the cont el figatiesWlaBhg tdyer Cdbost ; I of the
first rail slt a(;ks. 11T I‘{I i 1111inﬁﬂsj%iﬂglﬂ%?%@%‘t%fﬂ%y%@ﬁﬁh%g%n

PCT! USO112809¥ep Ut firddnsuiatingtayeo éindfplanamizing!8ié, sevoadaiondubeves t@perof
patterning the second conductive |layer and the first rail stacks further
conprises patterning the control gate dielectric layer such that the

contr g di ¢ ls. di spgsed, between the word lines and the first
I nsul g%i ng'tsﬁéyié-ﬁ%%i%h@hogrcé?'w fRﬁé V(‘,‘Bﬁrtef’hl 5 gate dielectric is aligned In a

pl ane per pendi Y Afsticdnbilitots Bk I ﬁﬁﬁﬂyﬁﬁ&&* Ia%r aﬁgiagwggapro??néﬁgr ain

direction to the sem conductor 1slan e tun rvc,

fl oating gditide layar; tahd control gates. 439. The nmethod of clai m 435,
wherein: 10 the step of form ng the stack conprises formng a tunnel

di el ectric | afher wand line fconnriseg agpelysilicyre layer end mhmetsl s metahsitiolduct or

| ayer; angd the step of patterning the st.ack conprises etching the stack to
form the®Plrality of first rail stacks conprising seniconductor rails
havingga first wdth and charge storage region rails conprising tunnel
dielectrics and 15 floating gates having a second width smaller than the

first w d4B5. Thelméthat ditdtaii 23D, Wiereifsafdeh4rg8 stdrage region islands
comprise dielectric isolated floating gates, electrically isolated nanocrystals,

or O-N-O dielectric stacks.

156 438. The method of claim 435, wherein:
the step of forming the stack comprises forming a tunne! dielectric
iayer and a floating gate layer over the first semiconductor layer; and
the step of patterning the stack comprises forming a photoresist mask
over the floating gate layer and etching the stack to form the plurality of first
20  rail stacks comprising semiconductor rails and charge storage regio.n rails
comprising tunnel dielestrics and floating gates, the first rail stacks having

two aligned lateral edges.

437. The method of claim 438, further comprising forming a control gate
‘ 25 dieiectric layer over the floating gates of the first rail stacks, wherein the

control gate dielectric layer extends beyond the Jatera;l edges of the first rail

stacks.



one aligned |lateral edge of the_sem conductor rails, the tunnel

dielectrics and the floating gates: exposed portion of the

sem conductor rails. 20 440. Tdmmﬁlﬂﬂgiﬁ"ﬂjﬁﬂlm 439, wherein the step of
patterning the stack conprises: c phot oresi st mask having a
first wdth over the stack; etching the first sem conductor Ia% r, the
tunnel diwghggése2 | ayer and the 25 floating gate |ayer Pﬂﬂﬁdl’? first
phot oresi st nask; formng a second pg#otoresi st mask having a second wi dth
smaller than the first width over the floating gate |ayer; and WO

02/ 015277 PCT/ US01125092 206 etching the tunnel dielectric |ayer and the
floating gate |ayer but npt _t I rst.sem.c t Riv8 thdSek8niihe second
phot or es| #3&mJihe mslhodrﬂgcﬁﬁf‘.%ro‘?'ﬁ%'ﬁgl f*ﬁ%%g,g%?te%rn he step of
patterning the stack I il 18618 RsHterfdongirises giatterningt theask havi ng
a first WW‘ﬁuﬁaﬁ??ﬂWésaﬁﬁaﬂciE;ﬁégtﬁaclﬁ ng the tunnel dielectric |ayer and the

floating Q&{T&rd[%\é% dgfiéétﬂctibﬁer duichthaptte corasélgatendistectticds gROsgdpor t i on
of the first sem conductor layer; formng a second p o%loreslﬁt mask, havi ng
a second Velinednath@ewotdilines atd the fitstrinsulaling [pYeland WESFF84 Fr?&“ﬁé’f e | ayer

and over an exposed portion of the first sem 3 t chi ng
the first gamidieledtris israliongdin &swqﬂ'ge pﬁ@eest%'ﬂf}&qﬁﬁﬂ?%ﬁ@éﬁféﬁ’vg“n‘égﬁfﬂfﬁ 442.

The met hod of claim439, fur L StdagdliSforifignds, aB8ttuphelgat e
di el ectrictq afé’Pr‘iﬁ/@r gfﬂ%dfrﬁ%ﬁﬁ ﬁ%agg;tgée@idgﬁdaover t he exposed portions of

the sem CBi&ﬂ&i%@r?-faaﬁAétirﬁ g#188 dnidrhie domitlol gitesks, wherein the control gate
dielectric ayer’ functions as a gate dielectric of access transistors over

t he exposed portions of the sem conductor rails. 20 443. The net hod of
cl aim 442, wherein the control %at e ol_l‘ electric |ayer
439. The method of claim 435, wherein: .

10 the step of forming the stack comprises forming & tunnel dielectric
layer and a floating gate fayer over the first semiconductor layer; and
the step of patterning the stack comprises etching the stack to form
the plurality of first rail stacks comprising semiconductor rails having a first
width and charge storage region rails comprising tunnel dielectrics and
15 floating gates having a second width smaller than the first width;
such that the first rail stacks contain

one aligned lateral edge of the semiconductor rails, the tunnel

dielectrics and the floating gates; and

an exposed portion of the semiconductor rails.

20
440. The method of claim 439, wherein the step of patterning the stack

comprises:
forming a first phoforesis‘c mask having a first width over the stack;
etching the first semicondugtor layer, the tunnel dielectric layer and the

25 floating gate layer using the first photoresist mask; .
torming a second photoresist mask having a second width smaller than

the first width over the floating gate layer; and



extends beyond the |lateral edges of the first rail stacks. 444. The net hod
of claim443, wherein the step of patterning the second 25 conductive

| ayer and the first rail stacks further conprises patterning the control
gate dielectric layer such that the control gate dielectric is disposed
between the word lines and the first insulating |ayer, and wherein the
control wgabmoide®l ectric is aligned in a plane perpendi ®YTASWEW e
substrate and parallel | 11T 2228602 111J0 LI0El 10 111l CL S W

02/ 015277 PCT/ USOL/ 25092 207 to a source to drain direction to the

sem conductor islands, the tunnel dielectric and the control gates. 445.

Th hod of Ie S It ' | at i
CTPuoC o S50l A g g tepa gt

| ayer between osed portion o s and the word

line to fQﬁ?‘fﬁ‘é‘t é&ﬁ%@hdﬁ@ﬁi’%&ler%ﬁg tHeesetehl photdresisaimaskd5, further
conprising formng the secon I nsul ating | ayer between the sem conduct or
rails to isolate the sem conductor 10 rails. 447. The nethod of cl ai m430,

further conprising monolithically formng. a lural ity .of additional device
| evel s of 44fe dheapethed of plaim RRTRI A STHEP °fﬂ?8ﬁ8¥'?'{‘ﬂi‘§eaﬂt?%{§/ havi ng at
| east f.hree device |evels. 15 448. The net hod of claim447, further

conpri & nFYFM°Fy an Interlayer Insulating |ayer between each device

level . 449. A qhappR & FRdasbERLIst akicRasRg a ey widthssikatthatstacionpr i si ng:
20 a first layer of transition netal-crystallized silicon disposed above a

substrate; a p-ewchingchiecandelstielsetiici laveraant! tHer Beating gate laver usingdbe char ge
storage fil mdi sposed adjacent.to said first 0. A,nonolithic

t hree di nefirst ehatorasiehinaskieraxposg aPTap ithél?%%réféégeggumgyf%ont ai ni ng
e Jevi ce3 of ehPufh 4.4Sapi PRI HENA b Bolghi ek GR aFr nnct | o0
10  the first width over the floating gate layer and over an exposed portion of the
first semiconductor layer; and
etohing the first semiqonductor layer using the second photoresist

mask.

15 442, The method of claim 439, further comprising forming a control gate
dielectric layer over the floating gates and over the exposed portibns of the
. semiconductor rails of the first rail stacks, wherein the control gate dielectric
layer functions as a gate dielectric of access transistors over the exposed
portions of the semiconductor rails.
20
443. The method of claim 442, wherein the control gate dielectric layer

extends beyond the lateral edges of the first rail stacks.

444. The method of claim 443, wherein the step of patterning the second
25 conductive layer and the first rail stacks further comprises patterning the

control gate dielectric layer such that the ¢ontrol gate‘ dielectric is disposed

between the word fines and the first insulating layer, and wherein the contf'ol

gate dielectric is aligned in a plane perpendicular to the substrate and paraltel

* [ L M s *



and a channel . T1LLIEL FEEEET THIE FEEEE T T WO 02/ 015277

PCT/ USOL/ 25092 208 451. A nenory array di sposed above a substrate, the
array conprising: a first plurality of spaced-apart conductors di sposed at
a first height above the substrate in a first direction; and 5 a second
plurality of spaced-apart rail-stacks disposed at a second height in a
second diweeiniszvzdi fferent fromthe first direction, ea®CTIi012592%ck

i ncludi ng: a sem conductor filmof @%irst conductivity type in contact
with said first plurality of spaced-apart conductors; 10 a |ocal charge
storage filmdisposed adjacent to the sem conductor filnm and a conductive

filmdispgsed ad o.the | qc char. ch said

sem condug?(?r qlfr#ﬁ]%%éﬁtfﬂa da\'fec%gg(sif’atbﬁrs?mﬁg?erﬁﬁgﬁl '?%PP%’ZQ{P 'ﬂ'&% E a 15
transitiony iﬁ&dﬂﬁeéjorlt?&l &Jabs.Crystallization process. 452. A nethod for
manuf acturl ng a charge storage device, conprising: providing a first

anor phous silicon or polysilicon |ayer above a substrate; 20 providing a
transition netal catalyst into the first layer; crystallizi the first

| ayer; fordfShg Télepnnthqm@ft ¢loin 4S5 futhe @@npnweffomm 3 §P'?ﬁ'fwg a |l ocal

char ge stqr e fi osed adj a tQ, sa 45 The
met hod Bof 'E‘F fting bﬁ&”@?‘h af‘ﬁ"’(???é?&ﬂ%? eoi%npgnégcfgrr gin‘?)'é ature in
a range of eTIV C, and further conprising further
crystalli 2| ng sallﬁ%f &rﬁrgﬁ%r W t%ﬁa hi gh-tenperature anneal in a range of
about 750 C to about 975 C 1141 11 111121711' 11111 1 1 S 111111 WO

021015277 PCT/ USQO1/ 25092
446. The method of claim 445, further comprising forming the second

insulating layer between the semiconductor rails to isolate the semiconductor

10 rails.

447. The method of claim 430, further comprising monolithically forming a
plurality of additional davice levels of the array to form a three dimensional
monolithic array having at least three device levels.

15
448. The method of claim 447, further comprising forming an Interlayer

insulating layer between each device level.

443. A charge storage device disposed above a substrate, comprising:
20 a first layer of transition metal-crystallized silicon disposed above a
substrate; |
a p-n junction disposed in said first layer; and

a local charge storage film disposed adjacent to said first layer.

25 450. A monolithic three dimensional array comprising a plurality of device
levels containing the devices of claim 449, in which t'he p-n junction
comprises & junction between a source region and a channel or a drain region

and a channsl.

* c L M s *



209 454. The method of claim452, further conprising formng a gate

di sposed adjacent to the local charge storage film 5 455. The net hod of
claima454, further conprising formng a plurality of device |levels
conprising transition nmetal-crystallized silicon TFTs. 456. A sem conduct or
device conprising a nonolithic three dinensional array of charge storage
devi ces dompaisd7mg a plurality of device levels, 10 whepelrUsav2%0¥ast one
surface between two successive devi @8 | evels is planarized by chenical
mechani cal polishing. 457. The seniconductor device of claim456, wherein
the array contains four or nmore device |levels. 16 458. The seni conduct or
devi ce of claim457, wherein each charge storage device conprises a pillar
TFT EEPROM 459. The sem conductor device of claim 457, wherein each charge

storage 3Z2@1dew &8 aaﬁéi ki tWtkh e region.
460. The sgm c)gnducto (5} i ce %d%’%fvr% 4§%merg?en££§£ nﬁgrg st orage
devi ce conpri sadirst prirélitgl ofgspadediapakiddndiictors dispbsedhe ssfirst Giyhtct or
device of claim457, wherein each charge storage device conprises a rail

stack T1= “PbEEPmUbsﬂraﬁB in|g first digeptipnyand | || || *CL 11111 11 11 1
111 I 5277 PCJT/ US01/ 25092 210
462, e ser oG PIWAIN.E Bade0ARarte Stanks APROSR LA PGaad of an
Insul atingg ofityt 3n Gk ARk o ckaaxea.gbﬂagg@&{m%wﬁ&& Rlon! Balh PAIREERY DY

chem cal anical polis | ng e sem con uct or. device of claim
457, \Aherw',dpu,yih?: surface of an interlayer insulating |ayer |ocated between
two levels Is planarized by chem cal nechani cal polishing.

a semiconductor film of a first conductivity type in contact with

said first plurality of spaced-apart conductors;
10 a local charge storage film disposed adjacent to the
semiconductor film; and
a conductive film disbosed adjacent to the local charge storage
film,
each sald semlconductor film being at least partially crystallized using a

15 ftransition metal induced lateral crystallization process.

452. A method for manufacturing a charge storage device, comprising:
providing a first amorphous silicon or polysilicon layer above a
substrate;
20 providing a transition metal catalyst into the first layer;
crystallizing the firet layer;
forming a p-n junction in said first layer; and

forming a local charge storage film disposed adjacent to said first layer.

25 453. The method of claim 452, wherein the crystallizing occurs at a
temperature in' a range of about 400°C to about 700°C, and further
comprising further crystallizing said first layer with a high-temperature anneal

T

in a range of about 750°C to about 975°C.



464. The sem conductor device of claim457, wherein a peak to peak 10
roughness of the surface planarized by chem cal nechanical polishing is
4000 Angstrons or |ess. 485. The sem conductor device of claim457,
further conprising driver «circuitry formed in the substrate at least in
part under the array, within the 15 array or above the array. 466. The
seni cond Y@ B01&TGi ce of clai m 465, wherein the driver ciPCTIisbI/s09c0NMPri ses
at | east one of-sense anps and chara@ punps fornmed under the array in the
substrate. 20 467. A nethod of meking a nmonolithic three dinensional array
of charge storage devices conprising: formng a plurality of device

| evel s; and planari zing at | east one surface between two successive device
| evel s 25 by chemi cal nechani cal polishing. 468. The nmethod of claim 467,

further caamwha%ethaardm&ﬁ a8y r 111
1112 1210 1 1 | 1111111 iﬂﬁrtﬁg} &&Yﬁﬁ%r@?ﬁé%&%%ﬁﬁou 25092
211 pl anadiazemgttathé lvast charge storage dilimet ween at | east three successive

device |l evels by chem cal nmechanical polishing. 469. The nmethod of claim
468, wherein each charge storage devi ce is 5 selected froma group

consi sgin [ET .EE | ar, diode with a -charge storage
r egi oné ag'sg l‘?eaﬁ’l%hgéoi ﬁ%'@%“ GGQ"PPJPI‘"QS %Eﬂ“q F'P'“'EEDR@\/IQ 470. Tge
met hod of geviah Taviid comlipPisi ; Cﬂgﬁg@ftaﬁé uti&ﬁtﬂﬁé dayer in 10 each

device level is planarized ani cal |sh|ng 471. The

met hod of claim 468, wherein a surface of a conductlve | ayer in each
device level is planarized by chem cal nmechanical polishing. .15 472. The
met hod of 48Pai fnsessicongiugter device comprising efmanolithicethtes dimensional

array of charge storage devices comprising a plurality of device levels,

10 whersin at least one surface between two successive device levels is

planarized by chemical mechanical polishing.

457. The semiconductor device of claim 456, wherein the array contains
four or more device levels.
156

458, The semiconductor device of claim 457, wherein each charge storage
device comprises a pillar TFT EEPROM.

459. The semiconductor device of claim 457, wherein each charge storage

" 20 device comprises a pillar dicde with a charge storage region.

480. The semiconductor device of claim 457, wherein each charge storage

device comprises a self aligned TFT EEPROM.

25 461. The semiconductor device of claim 457, wherein each charge storage

device comprises a rall stack TFT EEPROM.

W



insulating |ayer |ocated between two |evels is planarized by chem cal
mechani cal polishing. 473. The method of claim468, further conprising

formng driver circuitry in amumﬂm east in part under the
array, within the array or abo , Mljgmi The net hod of claim473,
wherein the driver circuitry cor?prlcses at one of sense anps and
charge pW@P/0187hed under the array in the 25 substrateCT/g862502

seni conduct or device conprising a mMdkolithic three dinensional array of

charge storage devices conprising a plurality of device |evels, WO
02/ 015277 PCT/ US01/ 25092 212 wherein at | east one surface between two

successi Vg9 e VL adrRitD! ﬁu{?}gﬁ d%Xif%e thithy R8IX Bqﬁg rfaggo 0 Angstroms or

| ess within a stepper e sem (:o &% ai m 476,

wher ei n tiheulatingor @Ocdreiuttive GayarUh eath raémbedewlqe ia?;\éﬁééd ?er‘l—\r a
sem conduct or device of claim476, wherein each ar ge storage evi ce

conpr i sesmaghaniegltpadisbingt a pill ar TFT EEPROV a pillar diode with a
charge storage region; a self aligned TFT EEPROM and a rail stack TFT 10
EEPROM 478. The semiconductor device of cl ai m 475, wher ein the at |east

one gurf b@ﬁ/\g el s ak to peak
roughnességgf %ﬂlc%\o@[j%&i%gfro%s‘g%ﬁ ﬁ*gﬁ i" ?@BB@ of @t 479. The
seni conduatetfayBeiistitily Byar Bodted cdthiehl tlvd fefilis! uz@B% surface
conprises a surface of an insulating or a conductive | ayer |n each device
| evel t hathersical meahardea pofishingai cal nechani cal polishing. 20 480. The
sem conductor device of claim478, wherein the at | east one surface
conprises a surface of an interlayer insulating |layer |ocated between two

som concu b4 TR AleshAfet doNre ST AB T e ek Foasak o5 o roui try
formeg | YolgRnsssPet tid Surfded SiaRkriddd B EheMUF dchiEnREl S¥lishild ¥ Roble

Angstroms or less.

485. The semiconductor device of claim 457, further comprising driver
circuitry formed in the substrate at least in part under the array, within the

15 array or above the array.

466. The semiconductor device of claim 465, wherein the driver circuitry
comprises at least one of ‘sense amps and charge pumps formed u.nder the
array in the substrate.
20
467. A method of making a monolithic three dimensional array of charge
storage devices comprising:
forming a plurality of device lsvels; and

p_lanarizing at least one surface between two successive device levels

25 by chemical mschanical polishing.

468. The method of claim 467, further comprising:

forming four or more device levels; and



array or above the array. I!'ILITJ LITITE 113 1111111 1111 WO 02/ 015277
PCT/ USO 1125092 213 482. The sem conductor ‘device of claim481, wherein

the driver circuitry conpri sjm "ﬂ sense anps and charge punps
formed under the array in th *ﬂmj Im;m [T 2212122 P et il
11l L ns € LW s Ty

WO 02/015277 PCT/US01/25092
: 211

~-

planarizing at least one surface between at lsast three successive

device levels by chemical mechanical polishing.

469. The method of claim 468, whersin each charge storage device is

5 selected from a group consisting of a pillar TFT EEPROM, a pillar diode with a
‘charge storage region, a self aligned TFT EEPROM, and a rail stack TFT
EEPROM.

470. The method of claim 468, wherein a surface of an insulating_layer in

10 each device level is planarized by chemical mechanical polishing.

471. The method of claim 468, wherein a surface of a conductive layer in

each device level is planarized by chemical mechanical polishing.

.15 472. The method of claim 488, wherein the surface of an interlayer
insulating layer located between two levels is planarized by chemical

mechanical polishing.

473. The method of claim 468, further comprising forming driver circultry in
20 a substrate at least in part under the array, within the array or above the

array.

474. The method of claim 473, wherein the driver circuitry comprises at
least one of sense amps and charge pumps formed under the array in the

25 substrate.

475. A semiconductor device comprising a monolithic three dimensional

array of charge storage devices comprising a plurality of device levels,
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wherein at least one surface between two successive device levels has a

peak to peak roughness of 4000 Angstroms or less within a Stepper field.

476. The semiconductor device of claim 475, wherein the array contains

four or more device levels.

477. The semiconductor device of claim 476, wherein each charge storage
device comprises at least one of a pillar TFT EEPROM, a pillar diode with a
charge storage region, a self aligned TFT EEPROM and a rail stack TFT
EEPROM. '

478. The semiconductor device of claim 475, wherein the at lsast one
surface between two successive device levels has a peak to peak roughness

of 500 to 1000 Angstroms within a stepper field,

479. The semiconductor device of claim 478, wherein the at least one
surface comprises a surface of an insulating or a conductive layer in sach

device level that is planarized by chemical mechanical polishing.

480. The semiconductor device of claim 478, wherein the at least one
surface comprises a surface of an interlayer insulating layer located between

two levels that is planarized by chemical mechanical polishing.’

4871. The semiconductor device of claim 475, further comprising driver

clrcuitry formed In the substrate at least In part under the array, within the

I

array or above the array.
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482. The semiconductor device of claim 481, wherein the driver circuitry

comprises at least one of sense amps and chérge pumps formed under the

array in the substrate.
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