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on even dat easﬁleg_f1 “wh Isclosure i"'s herein’tncof porated
by ref er encerrafikigloss, 0httdrhéy ddixentd. QB0TOESUB € S&ridl nufibenyd/o80,124,at es _
generally to integrated circuits, and in 20 _Eal’t_l cular to Flash menmory with
ultra thin v&ddehBit bowyDRAM vithtldtre ThBaBRy Sransistofs,t aéorpey dovkebrp.

Sem conduct o i£S, such as 1.C Landom access .reqnories..(DRAMS), are
wi del y used {ﬁme?“?yg‘f@ﬁﬁ @ﬁg’g‘]@ri%g@&’a&ﬁ% BRAVERRSHIR el |
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capacitor. The access FET allows the transfer of data charges to and from

t he storage @2{8e08%rnd(Menwry dddiesgjarhBesade Gireyite pathdyltreridiin Brdy dat a
charges on the storage capacitor ar iodically refr ring a
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used during f%rgg{a(\;lgn??bg% or g\gla?rpf]e, tﬁce presen? generat i (])n ofyhi gh
densi ty dynaTiansisangostaaeedsckatnmn e 0gIurysrialwnimber 69/8¢4pabie of
storing 256 Megabits of data, r_egg_i re . V\gl} 0%3@5%%{21 PCT/.US02/ 03131 an
area of 8fz pevisifrogammeble Logie aygwih M&lgﬂ pip SIS r PIATY even
hi gher densi GyoiPARIILBS 0b8UST 4efialiRinludt bO9B0,106 PSR aliaIBd Sh BY@ARL apact ty
and reduce manutacturing cost’s. Prcreasi ng the data storage capacity of
sem conduct oherswith2hé sachesfwtietsdiacloadel Gthieoein intotpueated by referenbee access FET
and storage capacitor 5 of each rr_em)rty cell. However, other factors, such
as subt hreshol d | eakage current sF_ 0 & icle induced soft errors,
the art to inoreasts PSRN SEER FUAE BrdRbS et i it IR Bpd § © 202C 11
capaci t ong t paticwapidl Kgshsérhos/veit ultranhini vieytidabbodetkagtarsir rent s and soft
errors. There is also a need in the broader. integrated 10 circuit art for
dense structures and fabri cat i Rackewsndogthednvenigdh nenory cell's are one
PSS oL e 0Lt ol U RGRA, FRRTEy G AR vest haBE ToT | €0
(DRAMs), are widely used in computer systems for storing data. A DRAM

N
.

!

memory cell typically includes an access field-effect transistor (FET) and a
25 storage capacitor. The access FET allows the transfer of data charges to and
from the storage capacitor during reading and writing operations. The data
charges on the storage capacitor are periodically refreshed during a refresh
operation.
Memory density is typically limited by a minimum lithographic feature
30 size (F) that is imposed by lithographic processes used during fabrication. For
example, the present generation of high density dynamic random access

memories (DRAMs), which are capable of storing 256 Megabits of data, require
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densities would have the capability of replacing hard disk drive data
storage in conputer systens. This would result in delicate nechanical
systens IwedngodsS2x epl aced by rugged, small and durabl e solPCa/EOZOAINENDIY
packages, and constitute a significant advantage in conputer systens. Wat

is required then i flash mory with the. highest possibl e ,density or
smal [ est  posah 8158 02 8F] Per bt Onfe ThSFR 1S ANSELIUEERT 18 PRYeleSHSR Mgt os”

bl 3 i i i i j he fl ash
Penor y hac. ¢ ety sordbsTRBRick 2 hBolchte Gl ibiaet ERNRIGLA radlleg 10T &9

t echnol ogy. HaabfacsuingRkests daéremingithe slanl storggd caphdiey dfsemicanductoer on regi on
where channel lengths are less than 0.1 m or 1000 (err)

1 hg i.cron, 100 nm
-causes si gni fiemaites srayives agedustiomin the pige Af thsrgeess FEIandskraga qapadiiites. As

auses S gni MISETE BT | res.
ength of S10Bba g el LSRR aBBP e Suis bk R bPPallE ) O

Angstrons. Sygierfiand A1phd-patiticanducad eofdefrbiscrelniré that targer Byoragenvent i onal
i mpl antation and diffusion techniques. Extrenely, high |evels of channel
dopi ng are r ezpiciters beased;pphuss eemis ameedythe prt &9 inceqase Bgerydensityi ni nduced

barrier |owering;  threshold voltage rol. f S . nduct i on.
Sub-t hr eshol & hglg r?HB%’Hgotﬁe ey %fgslg?rlgge u?agrg‘%‘%?’%{rh%b?@g%ei Sg H?%%&E‘%!F% 88

technol ogy ageakhigd AFHABSNHREMA CHBFIET RO AUS alREE N ihebréddeRinprite@ capaci t or
cells. These extrenely high doping levels result in increased | eakage and

reduced 20 WeWRA0655RASRONCUBGANdSalFicaban techniqueshi | i ty. Thus naking t he
channel shorter t??g{s rove performance i wer earner nobility.

|
Therefore, there Y crils 98 ong Posts@%goggt?%lggg ﬁ{ﬁl’oqofélﬁltsf PSR henor y

densi ties whidgiMRhdl Phsh AeeriiRiRNbRUSsiRIIE dahsistof, abBWifirisigiannel ef fects
such as 5 drain-induced barrier |owering; threshold voltage roll off, and

sub- t hr eshol densitiesureduld have the capebdity béesplagingdhand diskideize datarstorage inpbi | i ty.
At the sanme tinme charge stqQrage retention.tinme nust be maintai ned. Summay
of the & nvencPBRUSHE I RERKTER RSBl Mt Sy RORRR, rrenor | o
and ot hery;s10 1 eR&Rbny pAveIet aRdand wil | be
underst0013 b;ﬁrlgggﬁggu%?g, %?ﬂ{j?lﬁﬁ%g?tﬂgsé (t)kFIStgtrvcﬁ ng srggéi ﬁg%ati on. Systens and

met hods are pomstitated sfgmifitanbambiantage m cuintputerlsystems.hWhab ediegsiredathen rsansi st or s

where the surface space chayge region,scal es down as other. transistor
di mensi ons sédlagh gsmery Wﬁthdg\%h’@h‘ﬁfgﬂf’ ¢ dejpsity I‘?éS‘BP@%SéH?SSﬁH?/é‘?‘If &R, the

Fl ash nenory incl - . L I | oating gate
transi stors. Each%F%gﬁﬁ%ﬂag‘%&%’rﬁ%ﬁ%@ﬁs%ﬁﬂdﬁgg @g&ﬁﬂ' gsfﬁ‘ ext endi ng
outwardl y fr awensorisince tidisingie trandigoriattiee flishem@nbiydras ithecdansalesignsi ngl e
crystalline first contact |ayer and ond contact |ayer vertically
separ at ecdOoy ralg ligifaiiens gf . Vewogiahl&@@e'i@&m??%aﬁ@f % ﬁ’&lcof‘?%‘f?é‘?st or is
formed al ong «o1fl (@thd o B hfttron Fiford b REHRnEAAEP It e 18! it Bl1 20

tra S al [

: ey .
transi stor i nc"i uges an u I'n ngl e cryst e vertical body region
whi ch micron, 100 nm, or 1000 A causes significant problems in the conventional

transistor structures. As shown in Figure 1, junction depths should be much less
than the channel length of 1000 A, or this implies junction depths of a few

25 hundred Angstroms. Such shaliow junctions are difficult to form by
conventional implantation and diffusion techniques. Extremely high levels of
channel doping are required to suppress short-channel effects such as drain-
induced barrier lowering; threshold voltage roll off, and sub-threshold
conduction. Sub-threshold conduction is particularly problematic in MOSFET

30 technology as it reduces the charge storage retention time on the capacitor cells.

These extremely high doping levels result in increased leakage and reduced
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separates an ultra thin single crystalline vertical first source/drain
region and an ultra thin single crystalline vertical second source/drain
regi on. Avébpedssizg gate opposes the ultra thin single cryscalusinesisertica
body region, and a control gate separated fromthe floating gate by an

i nsul ator layer. 25 These and ot her enbodi nents,, asgects advant ages, and
features of ¢avacrgnelylity Fhwsamkinghthgichanngkshogier fogmpaoyepestormancs I ne

description i . i: art will becone apparent to those
skilled in t af@aératbfyg{’/&%\?‘%?ég‘%%ﬁ‘pt “the fol | owing description of the

i nvention and ref ehaafoed] tikkraw Hgeddn theyarptogedvideimproveelashvaembnn. The
aspects, advantages, and features of the_invention are realized 30 and

-attai ned by ¢ansiis shile groidingthe delgicepys ¢ifacts ofisBerwhamnel eHpds sushSnat i ons

particul agly,pointed .qut .in the a i ¢ 22

PaTT Lsoz; b5 1 fieadiitidrah ifnd RERRE il B ot and Eedateihiold

illTustrati 0ncdhﬁiu@tidif,)B%%hké@&ak@ﬁﬁ&rédu@é@bﬁi@f mbbillitys t Athe BEmE fighe
shortcom ngs of such conventional MOSFETs as continuous scaling occurs to

t he deep subchergs steragergientionttioreempsidemedintamedt hs are | ess than 0.1 micron,
100 nm or 1000 ~. Figure 2 issa dia g illu%t;lating a vertical ultra thin
body transistor forned al ong si-&%ﬁg—-ﬁ%cordi ng to the teachi ngs of
the present inventhOihovEingitidfieBproBlenis! witts tdnAtEndiidtor MdmatesRh@eMRs Ssequence
which for formng pillars along side of which vertical ultra thin body

transi st 30s prahlemstase adsizessed hy theessotioventing and willdetuadenstoaddyof t he
Cillustrate t echni ques

present invention. Figyres 4A: t. the ghov

fesort bed | nieediihand pOViRE L Telguinaspabiighont Mot s amnedsa® e t h o bul k
CMOS t echnol BV idRl & tRdnkisEROWAR ulRPtiRbQlied, S rinsiR6HMHAT e shifitier s 5A-5C
illustrate a process sequence continuing fromthe pillar 15 formation

enbodi nent s gpaow tltkege iegiohi sgalesdo8Masi@heotrimsistondimensans sealerdawnhi n body

transi stors along,side of the pillars. Figures QA-QF illustrate. a process
sequence for for nlr‘rﬂ‘ee?“gi%‘é'}?%‘& of ghe pZS%?Pbl“Q’F‘_PtE%‘t ﬁWqu@ﬁ‘t‘Be‘&ﬂ’a’ ‘BBIH_?‘?SOI gate
structurgse f Wm&ﬁ redin D hehfid Jéiglggra{erlﬂﬁs@{or§ hEadﬂrfﬁﬁﬁH% ghrgvention.

20 Figures 7 ustrate a process I ption of one embodiment by

whi ch verti cahnsistadahélndesgepitiar axtechdirey dutwatdly Fomraddengedrelactoasutisgrateor ned
al ongside vertical ultra-thin tranﬂ'i r bod%cA?t ructures according to the

I st
t eachi ngs of TheRillar wskudes p sipglercryiplling Hest entach fayer and 3 sqopud eonfact ocess
description . i - WAl i I ates can be
formed al ongfsa?ee \?/té(‘r%gip g%@?@? X? ﬁ?‘rﬁw{%gﬂs)ﬁgr{grl&ﬂggy@? rrvhlg%ﬁ?es and a
hori zont al orrasisi@ds fornietd @longaide afahe pidlaf. Ghesthghbaysalline vereicali cal |y

oriented floating gates accqrding to the teachings of the present
i nvent i 0RO Fitgs rgn?lmi@fs&nrlatrwlaswg@m%ala@?Yaﬁﬂ'gql baﬁymb%ﬁwﬁ@ht of an

electroni ¢ SQoavtds ARt Lingefieaifihe VBB Yirfi SburcbAFAR egiif Aldtin"d O the

t eachi ngs of
ultra thin single crystalline vertical second source/drain region. A floating gate

opposes the ultra thin single crystalline vertical body region, and a control gate
separated from the floating gate by an insulator layer.

25 These and other embodiments, aspects, advantages, and features of the
present invention will be set forth in part in the description which follows, and in
part will become apparent to those skilled in the art by reference to the following
description of the invention and referenced drawings or by practice of the
invention. The aspects, advantages, and features of the invention are realized

30 and attained by means of the instrumentalities, procedures, and combinations

particularly pointed out in the appended claims.



present invention. 4 WO 02/065522 PCT/US02/ 03131 Figure 10 illustrates
an enbodi nent of a nmenory array including a novel nenory cell forned
accor di ngvo 02/0dss22 eachi ngs of the present invention, as cacTsor/oaaBuded in
a nenory device, e.g. on a nenory chip/die. Description of the Preferred
Enbodi ments 5 In the followng detail ed descriptjon of the invention,
reference is made to the accE8RplcscHplion ot ne awingsy form a part hereof,
and in whichis s | ¥ BEET biafisi ' in
whi ch the inventi g%%%/%%’@%%C ioh ¢ %%‘Zet“'te‘gg%(?nent ?ﬁ?‘%@ﬁ%ﬁ%@&s to
descri be aspgetsiotéorhiigs bfsiRhiconventionsl MOSEEEahs etritinubust eakmpddcars hose
skilled in the art to practice the invention. Qther 10 enbodinents nay be
-utilized andtacthedgerssubapicsen region Wharsshanngldpngths arg less shan & mier9Be of t he
pr esent igve%d of OtOhE foll ow ng description, the terns wafer and
substrate™are 1 ntérchangeably used to refer generally to any structure on
*whi ch integrated Figuga? issa @bgraimoitliBiehtingAdeaticabulie thintods tratisittof es duri ng
various stages of integrated circuit fabrication. Both terns include doped
and undoped f@medglangmsiiecalfarmsllarascardingde thedpaghingsfof thequasenbHygetian: on a

Tayors. ag well ol e Gl ATl Yenu B U P Rl 71T,
fol I owi ng depiatsaflostesiaé dPvhien vesicAlQtltrh il Bod Pl &ibistéts @an idlridefermsa@nse, and

the scope of the present invention is defined only by the appended clains.
20 Fi gurd02 aerording trgthateachings of theipragertnnydntion. t hin singl e crystalline

vertical transistar, or, access FET 200 fornmed.accordi ng.to.the teachings of
the present i nven_? 1gFes 4&&@}1@9\% 'Itz%thﬁ tgapgov%ﬁe%é%@gg&ﬁ%bsggl includes a
vertical ultgéhreBlidh RRHYiSUré™A-30an beimBlehRnvidsitsh BhRCIOSI! tra thin
single crystalline vertical transistor. According to the teachings of the

present i nvetechuolpgy drea siticarceruineulafor #8301 eehnelogys FET 200 i ncl udes a pill ar
201 extending outwardly fr a sem conduct or substrate 202. Th illar

"ncl udes a singl eF YRR -PRLYAIES ProgHS edenss e iR eliaha cont act
| ayer 20§ svefdhGabh ¥mbSBRAlGHoRYc@ M MXiEEIAMUE o B8 veiltatliftfadninhi n singl e
crystalline vertical transistor 210 is fornmed along side of the pillar 201.
The ul tra t hbodtraxgiseors nlpag aideiofi¢cheqgHarscal transi stor 210 includes 30 an

ultra thin single _crystalline vertical body region 212 whi ch separates an
ultra thin singl eﬁﬁ‘%%‘ﬁkh@“s\%ﬁqgﬁesﬁ F?%‘F"%{?F & plafksdi on 214 and an

ultra thin sj St | &4l Bhte SECANL dRRLHARLRE ghen 216. The
an ultra thi h&%%%?%‘%gggg%d&/rﬁéb%gsml single crysat acf}fll{n e vertical
first sourcetedclings ofethe pres@it4nventionupl ed to the first contact |ayer 204 and

the ultra thin single cgsgal line verticgl second_source/drain region 216
is coupl @8 to t heFEESHA-CEAYLRte apraress AesgEpHOB phoReEm 8%Pposi ng t he
ultra thin sj : ' IveflcaPQEVrol 8HLOND LS, ] &epar at ed

t herefrom bnglgéthﬁfeﬁﬁ%ég?lggtﬁ)d éééﬁdg‘ge@ﬁfﬁo. Afgc%g |%§ toogﬂngdoﬂlérr%ﬁts of the
present i nverertiodl, ultrirehin ktansistohbedysstmgluesscacyortialgl to tiee teachingsalf the ansi st or
210 includes a transistor having a vertical length of | ess than 100

nanomet ers aREFSENABYGNHBRt al wi dth of |ess than 10 nanometers. Thus, in one
enbodi nent, the u t U BES| | 4L, Vel jon 10 212

i ncludes a channe:l:%ug?/s‘l%@gqggﬂaﬁecgp%ﬁées%g% %&lgt_]%sﬁg?bf%ésnslpt ﬁ‘ﬁhl 0

nanonet er2s. Ahsah, vertieal flohtirgy gdnsicanibe ghrenedrajmigaideiveticabultriacthin body regi on
212 has a horizontal width (W of less than 10 nanoneters. And, the ultra
thin single taysstar bedyestrpeturgsagd afhorigentalnneatsdponiral gatgsanbetpmmedd an ultra
thin single t I i1 cad i ' have a

hori zont al wgé%‘% tﬁ% k’%@ggmtﬁ r?aér??e?oﬂ @a?@g%gtﬁ%%%qogcﬁég Eﬁé‘@é“fag?fr?gg? fgﬂ"tg he teachi ngs
of the presepteskhtvvention, the ultra thin single crystalline verti cal

transistor 210 is formed fromsolid phase epitaxial .
Figure 9 illustrates a block diagram of an embodiment of an electronic

30 system including a novel memory cell formed according to the teachings of the

present invention.



grom h. As one of ordinary skill in the art will understand upon reading
this disclosure, the ultra thin single crystalline vertical transistors
with ul t nmobbess20 bodi es of the present invention provi deca/soe/Hase space
charge region which scales down as other transistor dinmensions scale down.

This structure of _the invention facjlitates increasing densjity and design
rul e demands whi | B8Rl BRsraes amembedimgntrfia rasmert aray ipHudigg amavel. i nduced

barrier |ower] 0. onducti on.
25 An n- chanﬁlg {X/%JH @%ggé ?%‘%684] %ethh?éal:hi?xhg %ﬁggnﬁgﬁl IPrlrgén Rl Asg:agur e 2.
However, oneb@inchiddil s yhestory Hevide, lelpe o imathdry chigrdiger under stand upon
reading this disclosure that the conductivit types descri bed herein can be
‘reversed by altering doplﬂuﬁ o5 of thePrefered Hibodimentst i nvention is

or' ent 5d 91 ngl 6 LB f?%ﬁgée'éﬁé%ﬁ%ﬁﬂéwq el f%f?'e%cevrhgﬁ?ﬂﬁei"e'my. on is

‘not so lim t&ﬁheﬁbcﬂiﬁﬁﬁﬁyﬁ@d%@vm 4 Which@ben a@amnbﬁebﬁlan@mwm@wce for
formng pillars along sid ich vertical ultra thin body transistors

can | ater beby Wmﬂllh@trp@m SPCCW!D onrb@imsms irhichhomysntion @ﬁ)’berm ng a
flash nenory ordln to.the.tea ngs. of _the ng | tlon The
i et ons. SREGEEEd e m it R ERI0 BscRlbe blReR AT bRk
technol ogy agedfipRMt d&ansﬁpérﬁsleaso“sersdme Inytn‘e% 0 pastticEMeSihv@sion! Dthére

enbodi ment of Figure 3A, a p-type bulk silicon substrate 310 starting

mat eri al 10s &mbedichentmayrbe etddedaanéplhanewmebhpmdc é'ltﬁlputsdep@ljmgémml ayer 312

f d bst 310, h t t w h,
or & conbi nalEIROR Ok gﬁearepgeﬁq‘iw%aué‘é fine Bl fevsPati e Brmd Waftr Fst
contact | ayeanq?é?ostraté\e%wr bmesea efirsierafly Sy RtREAINE oh NVENt i On,

the nore heavily conductively doped | ower portion” of the first contact
| ayer 312 al wdndhuntegrambmmntsbletbnned andal3Q B suthetriGutesidokingsariafs t he n++

portion of first cgontact 12 i.s that of th ired Qit |i e302
t hi ckness, WHABH Qféwe%r@tegrfﬁ%éwif%é‘c"éﬁ' b@?&)\é@ﬂ“dn“lug egf?‘“a over al |
thi ckness sof s&&%orﬁdl{cﬁ)trs BibAeL 1) Y 6F o KhfcEifhchf oRRANIAREE! v betueen 0. 2

to 0.5 um An oxi de layer approxi mately 100 na rs (nm, 0.1 um
t hi ckness or sém&ndm:tdr(mlr inestlating triaerfal reombirmativac of $ieh daye] s wel aone

enbodi nent, the 15 oxide |ayer 314 can pe for y .t her oxi de growth
t echni ques. Rth§éﬁllfﬁd“%tﬁfe&6¥atla§‘3}@°‘@1‘8 thg a‘ﬁ+Tgegq1@b"’hng g"tgg‘?‘jrred on the oxide

| ayer 314, p | ¢l nd cont act
| ayer 316. Tﬁ%ﬁgg{é%}éwhc%ﬁ%agﬁﬁermgkg ot O?Ar% %é(é)(;pg dtfﬁfl?%&%%gg of 100 nm
or |ess. NexinveatidhisrleShéd quybglltmmbendeﬂwlmesl 2) 318 of approximately 10
nmis 20 deposited on the second contact |ayer 316. A thicker silicon

nitride I2yer (Si Bigye 3 G‘Pgréﬁ‘p‘ﬂlt‘a‘%?%ﬁépyﬂltﬁ)ﬁ‘“hﬁflglﬁ crystdlnetical deposited
on the thin Rahdighh oflh é@égsdeeﬁ forin%%r&agt%% Bl de LS ©- O

| ayers 318 a ese a ers can deposited using any

sui t abl e t echiviefitién. SAl@Ehoaﬁn inyflgmm, eatless ERD 200G phsict b oarticAMilra tiah A
photoresist is applied and selectively exposed to provide a mask for the
di rectional BPGRITERFISIT, OF @h%’h‘é@ stated ay yldgg th‘é‘ stigle @é{ét@llmé viegifabt ching (RIE).

T g mre ¢ Rahsifhe ADBABRH 8 dn@ePhbdR oy G Me AU

contalning t ack OXl ayer

cont act %yethe?abﬁess@mdmd mmeﬂes:’alﬁmamm é)dtdfrﬁiingcdmi'zvatdﬂyﬁ'mjrﬁa[ 312. Trenches
325 are etched to a depth that is 30 sufficient to reach.the surface 332 of

substrate 319emtcne¢@w subetAlei?(7y BhaniHaninendeset sipglp costalling firsqoptagbped bi t
| 302. The th
T o of WP A0k R Shnd S TR RS Rl BY Rk 0. L0

PCT/ US02/ 0313p8.0A@ wmmﬁim Bﬂ@lfe,crﬁed’lﬁn@%?nmmnﬁstéﬂl f(pig €ofmettalmghidle of

-appr oxi matel y one
of the pillar 201. The ultra thin single crystalline vertical transistor 210 includes

30 an ultra thin single crystalline vertical body region 212 which separates an ultra
thin single crystalline vertical first source/drain region 214 and an ultra thin

single crystalline vertical second source/drain region 216. The an ultra thin

5



mcron or less. The width of each trench 325 can be approxinmately equal to
the line width of bars 330. The structure is now as appears in Figure 3A

I n Fi gur av@m/0d5s22l ati on material 333, such as SiQ2 is dep@siriesd2/033fill the
5 trenches 325. The working surface is then planarized, such as by chem cal
mechani cal polishing/planarization ( ).. A .second phaotoresist is applied
and sel ecti véingle WY%’“%‘JVFW@“E&%R Tggaen f}‘fQ‘SGPV@E&%&‘SI Ut chi ng of
trenches 335 | thid &iRSe e qllih{ee,ye#- N second solre¥gif ect i on.
Trenches BBSCQQEQg%Pg?%@F {lﬂ‘gﬁl}n@g‘h‘gé‘ggﬁ%fae tec r‘n‘%qﬁ% gué‘% ras by reactive
ion etching tdgidy 2166 cupiad hethe 38&Sndrcontettdhga. MhgaeatB isHermedoosed Si 2 and
t he exposed stack of nitride . |ayer 320, pad ggl e I,ayteér 318, second cont act
-l ayer 316, ofPeRsugihepltmthin single crsgliingaerticabpogygreiaB 2 1R 89€1S 312 but only
to a depth sufficient : i1 h |ine 302 thickness, e.g. a
remaini ng%bi eqalraﬁée&@‘ﬁlreéfﬁ%ﬁlegzxg?ﬁg%%ggqel@%lggbhm The structure is now as
‘appears in Fi gur ex\c38rdiiptorenbodithanitdloftht yrededtiinattidn, the ultarthinddild, 340-2,
340-3, and 340-4. Figure 3Cillustrates a cross sectional view of the
structure shemstallimepiegtigabtraBistendl in¢ludes ctansistordagiog acertmaglengthad shows

the continuous hit .l.ne 302 connecti.n | | 40- nd 340-2 in
any given corﬁﬁrﬂi.an'lllogr?éﬂorg rsraélﬁﬁicnr%lz Igrg‘]d Edgﬁgtlgggetl&%@m "?%ognn% r?’on of
floating gat gaugifl ofi®8hbedinat, @fe ulas thf sigkcridindedraval body kgioeen
adj acent rows of the pillars, such as a row forned bﬁ/a pillars 340-1 and

Tg

340- 4 andOa Rdirfcdudesd chynnsl havinga satical lengily (Iug-less tiangii0nappmaters. | | ustrat e

that the above technjgques descri N _connegtion W Fi gures 3A-3C can be
i mpl ement ed &jsoa%lﬁﬂqu BN ﬁﬁggvgﬁgélﬁpgy 56%?nm%1t2£]l?qsia%5)ﬁlz8ﬂta nsul at or
(SA) technolygy (FsTERRan TO Rdtomeftls. ' £ eBE TG thingindde &9bmllAEed sequence
of process steps shown in Figures 3A-3C, minus the pad layers, forned on a
| i ght|y dopederticalyfirst somkde/drainireginn 2ldbend an eltraliin sigde enystadingvertishbwn i n
Figure 4A is simlar tqQ the cross ,sectional view.n.Figure 3C and shows a
cont i nuous bS¢cond SRUIEE/SrafR F9gI0N ]I65Pa"§ta$18f<‘§°%ﬁlow‘\f,[¥ﬂb?ifci‘e %-Iﬁl(?or nmed t her eon.

The pill afss %?9511%@@51 A4Brding B3Ghe SRS LT the prebert MVeRGdn, iRy @raddid, an oxi de
| ayer 414 30 tornmed thereon,” and a second n+ contact |ayer 416 forned on

t he oxi de | agmgleddstalliny\@eifi2al06mSREr PUTIsUBOR¢DBaBIsoH{ ghase epBaxialpr esent s t he
conpl et ed seque\gtﬁe of process steps shown in Figures 3A-3C, m nus the pad

| ayers, form&P¥H a comercial SO wafer, such as SIMOX. As shown in Figure
4B, a buried oxidegd -1 I ; substrate
410. The structur?sscﬂ%\;e\‘}{ Olflcﬁ&?: S’E@e‘ﬁ?%@%“s@’g? gﬁ&giﬁﬁc{%&%trgidéhgﬁlﬁcross
sectional vi dygclosufe] therubtrBBimsidgle oopstalinecwanti¢ah trapssthistwikh widra4lig wi th pil | ar
stacks 440-1 _and 440-2 fornmed thereon, only here the continugus bit |ine
402 is sedar 2edigs pf BeresentanBeIionPEO A4 BYFTACH SPHG 'éréea%‘ﬁ%wﬁlﬁ/ler 411.

Agai n, the pi 40- = A fi ayer 412,
an oxi de Iaygéélgﬁﬁow%o%n%taé?ﬂag;&égﬁ,%lﬂéﬂ%kdé&gEceaggggwﬁﬁrg%trﬂrggt?}%}elé 416 forned
on t he oxi deihvnéeon Heilddws ircrasing désityeynd elssigh sult dememdspilaleed sequence of
process steps shown in Fid%ures 3A-3C, .m nus t_'g(f pgg I,ayiers,, f orm ng islands
of silicon ofupRressingshertyhangg] sffects puch; as depiapipgucad BaksE loyetings oy red by

oxi de under h [ NC .ocess described in nore
detail in U @%%aot@g{}ﬂear%&g%&@é%@@%ﬁ%ﬁ@g%ﬁ&%&? Forties, entitled
"Techni ques for Protugichgnndhgipk trasdistodss shéwibin the @mbodinhens of Rigore 2. | ssued

11/ 25/ 1997, which is incorporated herein hy reference. The structure shown
in Figure 4CHaoweyes@ngiofpr ary skill e the asicwi L P plersiATgh RO reddifif e 3C and
shows a contigp. ' ' 4 I § 1 440 -2 formed

t hereon, onl QH' g?%lo? %:th%tgﬁel ?1‘8%13}5%%&t%%sn%g%g}faﬁgﬁé%ﬁ%r%%%ggfég%the 20
substrate 41Qiteding Bepihg sppeaturh thahepriessnt irdentiaeis efoalyeapphivabdxicde under
.cuts such as according to the process referenced above. Again, the pillars
440-1 and 440ngludegtrughuesitaving ylira shin verticaldy onienjed singlo crystallipginie | ayer 414
formed t eo and a.second cont act . 6 formed on the oxide |ayer
414, Thuts.u,’;ed a&@g??ﬁl??@ett@nflﬁtgr%gghceﬁpﬂéd@%hfé%ggéﬁégght i nvention, the
sequence of procesEggkeRA-ROilluetrite amiitihll prosess squei@vior fommfngpillas 3A- 3C,
can include formng the same on at |east three different types of
substrates agl ofrwirichy yewisalpitra thin pedytransistprs s later be foraed ag Paftocess
sequence continuing fromthe pillar formation enbodi nents provided in
Figures 3A-3C, and any of the substrateg shown in Figures 4A-4C, to form
vertical ultra thin body transistors along side of 30 the pillars, such as
pillars 340-1 and 340-2 in Figure 3C. For purposes of illustration only,
Figure S5A illustrates an enbodi nent pillars 540-1 and 540-2 fornmed on a
p-type substrate S 10 and separated by a trench 530. Anal ogous to 9




WO 02/ 065522 PCT/ US02/ 03131 the description provided in connection Figure
5A-5C, Figure 5A shows a first single crystalline n+ contact |ayer 512 a
portion oVowoeskz2 i n one enbodi ment, is integrally formedpertdsomesist+ bit
| ine 502. An oxide layer region 514 is forned in pillars 540-1 and 540-2 on

the first con r 512 As cond n+c tac rr 516 i s shown forned
on the oxide® %rngr%ésaﬁn%%% pereTding F%l Emﬁsﬁ H‘elﬂ?ﬁth And, pad

I f (S d th
sevond cont avengts TR mentichN eacfbs e RRGANAELYa 1 yn o @%ﬁi@ 5B, a
i ghtly dope@CDy feyliplgpl mﬂirﬁdydmkchlagtaccoﬁda!ﬁgiysfodeqhensCDesdze@vﬁrthbhe pillars

540-1 and 540-2 and directignally etched. to | eave the Ilrghtly 10 doped
-p-type materP'&POCQKGHUP{E’E‘é‘eéf’dé\Haqu%b@SG“tPPntsH@“ﬁfq3rl<'9r%a AgMAterialiss40-2. I n

one enbodine acGo ion, the
lightly dgpe 8 ?glp%g+p y5| |I:(}§1 éﬂ%lrtglﬁggggﬂruégﬁ?ﬁ\g??% #Ag&lgﬁto | eave the
"l'ightly dopeshbgtratg3e0 rmbﬁ@sayndﬁdiﬁlpcbmathm S}bldﬂ‘(ﬂ|gl'(ﬁvtﬁ5@r Oforhbifativr dfar s 540-1
and 540-2 havi ng a wdth or horizontal thickness of 10 nmor |ess. The
structure i sSuEh wgm aisngls gfyptalling ﬁrsﬂ?@“ﬁé&‘@)’@éd@erﬁfé"@!n&a@ocess

steps is des r|be i 0 anot her
maski ng stepﬁleé‘%a ﬂw&s estemt)lgl?a'é;]Mt g’st(l}:lrl \Y% ) nélgéﬁﬁlsg' doﬁp‘il oyed to
i sotropi cal |bb»xfbfr‘iébnioh%fw i édxﬁwm@ér%maﬂs@funsm #fthd bielisé sgnethe 550 and
| eave polysilicon S45 only on one sidewall of the tgl Ilars 20 540-1 and

540-2 i f 1Phi §11¢1@e$setft§h¢erd+DWI%WEﬁEﬁéF@Iité@}Il@)reréb?ﬂSi girafithodesired §it f or mi ng

ultra thin b d stor nly,on one sij r A40-1.and 540-2. \In
Fi gure 5C, g%%@‘ ﬁgﬁ c?%Pﬁla?'Pdopﬂéat%YP e?ﬂl h‘ é)i ol eyt al i ne
vertical tr aG§ér§l‘l HiGknesy oﬂthé fisst E:dﬂ'ltﬂbt @y 312 dishesd P&mm@t&lybéme&ﬂ@:ﬁl de of

pillars 540 1 and S40-2 is shown. gure 5C, the wafer is heated at
appr oxi mat el to G5@nt. mgxm@@amegt@e%ap@emmasly 160 nanogmetare(nmy, ﬁd Lpo,l yS| I i con

545 will rec tallize and | ater axi ol j.d hasere

occur verti c{;‘lﬁﬁ? ss@ﬁ%ﬁ% g &PS‘E&@Q mzicﬂlﬁ‘y ﬁ#}l e[Ré)r“ﬁ@’z?P Q‘“f i con at
the bottgm 0$x1HE'ﬁ1y91‘ 314dH b'é‘f@m;e(ﬂi}QhéA@a'l %xWeléroﬁﬁqch&sCWs%E@dd growth and
an ultrathin single crystalline film546 will” formwhich can be used as the

channel of amrmmtﬂaa/et&Imoﬁlmhe)msfmlantbevmdf:ila;yat3B®US@H’<E$W‘Man5|stor
In the enbodj nent of Eigure 5C ere mis | one side of
Hhe Dol T lepete Tt 's BolGrstiie Sextagf comablbyer o161 FRaRtEoPl: o the ne
pol ysilicon gagon g@Pﬁ‘f@{%tfoH&?etd%'a‘%ﬁ/ckﬁéé%f PIPnABrI&e. Of the pillars 540-1
and 10 W O 02/ 065522 PCT/ US02/ 03131 540-2. If however, both sides of the

pillars 540-1 andNbxt)a thinsBicomdmxealt, lajzdnéSiOz)/SI&d)ﬂdppm)iimate\ly' 10 nlndsive a grain
1 and, 540- Thi s

boundary .near the center on. top of th

enmbodi meﬁB i denosidethon t&i‘elﬁF‘@B‘F’éogtBCt lﬁ)éergﬂgwﬁ‘ ‘gﬁi g?‘?é’smg@edﬁ)ffré%s Ngrai n and
sour ce reglo r aéylowﬁ%pﬁmnxghyde shédbmﬂe% lidgp the ultrathin
single crysta P&t 6 al ong the sidewal | 50 of e ptllars 540-1

and 540-2 i ndntoheieaaweé&mmI;Brtod'emspmylaaers,cmg laiyeré 3 and 12‘0 tTheseypaddopi ng
fromthe fir ont.act |ayers, d516 Inthe anneal i ng
process, the erﬁgﬁlg ‘E?@Fa“t eppsifediusing aé‘iyﬁtﬂtg& ’E‘&P‘F SUrb 38 PYm 546, now
with the n+ , recrystalllzelnto single 10 crystalline
structure as eﬁf vagbljc’epg%??t)%gjgp 'solid phase regrowth occurs vertically.

The drai 125and souAqhoteesisinsappbial aad skledXelyvaxipbsedico pepadas adsloforaheser ti cal
single crystalline body region 552 formed of the p-type material. In one

enbodi ment  ofirgationy) cictiupg of trRpches 1, Suches by reacys l%m@hl@g B33 dhe i ne body
region wll Hi?é/c?loﬁal %}ﬁﬁé:laelsulkﬁHgtd?urgfltyl o?%%lu%r&ggo Qgﬂtal-llml% il S ure I's

now as shown
of mtnde layer 320, pad oxide layer 318, second contact layer 316, oxide layer

314, and first contact layer 312. Trenches 325 are etched to a depth that is
30 sufficient to reach the surface 332 of substrate 310, thereby providing separation
between conductively doped bit lines 302. The photoresist is removed. Bars

330 are now oriented in the direction of bit lines 302, e.g. column direction. In



15 Figures 5C or 5D. As one of ordinary skill in the art will understand
upon reading this disclosure. A conventional gate insulator can be grown or
deposi t eawon2/0456% ul trathin single crystalline film546. RaX/USer/0318t

hori zontal or vertical gate structures can be fornmed in trenches 530. As

one of ordinary ski in th rt wll er st, upon rea this 20
di scl osure, 6% ?’Hg‘é‘h@e’éba?régﬁéa%?ﬁmf@g mﬁWd‘? Eﬁ’f apRroKigat ?Wé’ﬁ? have been
formed in annﬂér})ﬁ%} s o ahﬁh swa%mle}lbms‘ tdnBe gaf},grax@mmw@q%amrtﬁéon of the

ultra thin sin ecryst |ne vertical transi st or ultra thin body
transi stors, hﬁ@@ﬁﬂtﬂlolﬁbartsd%hé‘hé staciumgsnof ag hm)eprsaa@lrgure Bkention. The

| trathi | tall fil 546 | £ t |
“erystal | .”nZ' 09 £ Bhbianre 38, e ooam AR S etioh S S5 8 4eRestAEe (bl 1% het 11 st
contact |ayep.plac %g gne %h{lg%mfa@eﬁsma{ a ég)&%ﬁaguch raef)geﬁérh,ga second
5 cou secon

source/ drai n region conht act yer 16. An ultra

‘thin p-type meam:ﬁcatwﬁihaxhg/plaﬁarizenbn WPD)OA}SedScﬁ@I}ﬂmtcﬁéﬁstneﬂpplnﬂ aaliong si de
of , or opposite, the oxide |ayer 514 and couples the first source/drain
region S51 t eelediwelycpasrdds prdden mask foa Hregtiregtional efehig ofdrenchesed 3l tra thin
p-type singl | _body re 5 r e drain
and source rgﬁg’%ﬁ?@ V@éﬁé Ht@ﬁ%égi Er]fég&lggt?g rPGV cfHeQ °’gaﬁre?§ £t3r%§?g Fg coupl e
the drain angrifRdugig a8y isiteble éaﬁnq\rukﬁﬁasby\mau@e ohathig (RIEJ.or med t herein
by an applied potenti aI The WO 02/ 065522 PCT/ US02/ 03131 drai n and source
r egi ons, 1951Ta¢mh®5”235raé§p@b@4 thequgh thmexpoped R4 ead the expperdystackgifon 553 are

f or med of sin N I I pi t axi al
rogrowt h wihi B BUHEIR pad Gl ek s, RephdCork B ShR1 2 RE b3
structure nowhd fHd tHéGiraicontdet RyérB10 bait ballyo b deptisufldidnt @ leacytheegi on S53
having a vertical length of |ess than 100 nmin which a channel having a

vertical | endediredit lines30Rtthigknease ergnacramalbma‘b;t hmaithickness, Ofttmcdﬂ}’nh@ﬁm ons

i nclude drain _ang source r |ons ect

| Unct 1 on depBH: oihesHagiEs oRe HappoEhrCherRr SR CEgpv Rty PR %1 gt e
crystallijge §iafe R01, ﬁogz 3|4§gsa[§d1§40 40 nm Thus, the invention has

provi ded 10 Junction ‘depths which are much | ess than t he channel |ength of
t he device and vvhingurcaBG lﬂmamblae:rﬁs selionglrview boé thefstuctweg shotvmi ink.  Fur t her,

the invention. has sistprs with a thin
bodi es so t hAIBUE %‘gﬁﬁ‘ﬁ 'E?1§¢é§ Igéé?‘r&t'?clasglo R%B‘HS"“B?”#HL{"P? ansi st or
scal es down 3g) e&hiREtiAg §d}§deﬁf ﬁ’i'[lax@'B'Z@ﬂSdrﬂr!ﬂOSZ?ﬂa%y .colim®f TRath the
surf ace space charge region has been 15 m nim zed by physically making the

body regi on 885 tdneaind¥oF Hie smbSeqaenttfmrmat@ng)f floatimgigases drelscontrohgates aor di nary
skill in_the art furt under st.and upgn adi ng, this discl qsure that
t he conducht i QFWb\é@{a@nggg oo }%F%HTHWEQEH‘S ﬁ?ﬁ’es}lgléas %y)v&fqrg}e ng dopi ng
types such thﬁnlfaPse Q- £96 @40 BVRELrOR bRyl 3000 &aPi4p-§0 20 include
structures having u tra t invertically oriénted single crystalline p
channel type tran¥igrodA-40Hsirate g iheraboge teohnigues destrited. in Bomrectioie pr ocess

descriptions descri be the fabricgati ca conlnue-toform
a nunber of &i‘ﬁ?‘fég‘érﬁf 9ﬁ§f€ﬁ%‘?ealmpé?me'\; ?rf Eg\r}lkéémg)ess WS ﬂffé‘fﬂi ments in
t he trenchesoﬁég 1i85n Of HisulBGASOn EQMIRSYyisabstitd mgm% 4 FHFReniPEeOW. 25

Fi gures 6A-6F 1| ustrate a process sequénce for rmng a stacked
hori zont &5 f kompletsyl gauencanlpwoessisteps gaxdven Bt FigertesiB4- Iih;hnnhusrﬂntpadr eferred to

herein as horizontal replac t te C ection he resent
i nvention. THYSEr ?@ﬁ@ﬁ@ﬁﬁ%gﬂgﬁp f>ﬂi’etbﬁﬂ‘ sk %ﬁ%@atﬁ@eﬁ &gear e
appropriate ordi ngly
for other op-toduh Fgled ARl D hEGORTcOhaf Pin R FiBe) %ﬁ?“?‘gg that
shown in Fi glaroenﬁnﬁlouﬂbatlmeleElvgt]nrlﬁllfrAta:ﬂmMO-arandMﬂﬁétﬂohneckthn@ba thystal | i ne

film 646 al onﬁ the sidewalls 6S0 of pillars 640-1 and 640-2 in tr%nches
630. The ul t PHIawS %%ﬂﬁgqié%?y@tl%ﬂq#%*“ first pentact layppdt bb epexistedayseflds02/ 03131

646 at thys RO th&gﬁ%ggggpedé&htnwmhgcm adb e FofthdPliflo At ye:l cal Tl rst

source/ drain reglon to a first contact |ayer 612 and an ultra
thin single angstalline vertical second source/drain region 652 coupled to
a second contact |ayer 616. An ultra thin p-type single crystalline
vertical body region 653 is present along 5 side of, or opposite, an oxide
| ayer 614 and couples the first source/drain region 651 to the second
source/drain region 652. According to tige process enbodi ment shown in

Fi gure 6A an n+ doped oxide | ayer 621, or PSG | ayer as the sane wll be
known and under stood by one of ordinary skill in the art wll understand,
is deposited over the pillars 640-1 and 640-2 such as by a CvD 10

techni que. This n+ doped oxide layer 621 is then planarized to renove off
of the



top surface of the pillars 640-1 and 640-2. An etch process is perforned to
| eave about SO nm at the bottom of trench 630. Next, an undoped pol ysilicon
| ayer R¥Ion2aesiszped oxi de | ayer 622 is deposited over thecCpiushzoasb40-1
and 640-2 and CWP planarized to again renove fromthe top surface of the
pillars 640-1 and_15 640-2. Then, the u‘r:}goped polysilicon |layer (2 is
etched, such as bSigRICEB ipresete the COMPKAEL SuUERCeIIPIofFsHHEpEHOWNIN: he trench
630 al ong si 0 i J SHRK 4 : +.doped

oxi de | ayer %ggfgggf\o%’%%ﬂﬁgskeﬁreepgg)iéﬁgs’Eamsdv%gl Cqbnyﬁégﬁba\}\%egn %Jh eCP st ood by
one of ordi narSIMEIX| |Asishowhén BigureMB |a biribdroxideridyeridd 1 depresdnt of tiver t he
pillars 640-1 and 640-2 such as by a CVD 20 pr.ocess. The structure i s now
-as appears ifwriergof ke gubstiatedile T strustyes shapvadn dFagure 4By alse 8T towi ng t he
next sequenc icatiqn. . i . . t t is

2ol i od 15 pinss SERERANER i EERR ¢ B e Rl AR IR )1 g

623 r espect ipiflhystadkd Ya011iddvia01d Dahedithefadhhonly hereghe cartitmbad bik e fi | m 646
to additionally formthe drain and source 25 regions, 651 and 652

respect i vel y402Nexeparaied §nepthe sebstpigutl@ bymhe hurigd exdds lagercdIdh AgRitpdhed or med,

as the sanme w.l | kn d [S of ,.ar di nar,y, ski in the
art upon rea%'. lﬁré 4tqﬁilsmgi:,}{sh@l?%g]ﬁlrﬁg,g%{lSgﬁggoc%tagﬂﬁy?rogawygggye 1934 and the
undoped pol ygirhbd tardony fid Hseéond®h+ 0anitaa 14y 816 fotdel Bnith@okide rugbr 63,0. The
structure is now as appears in Figure 6B. 30 Next, in Figure 6C, a thin

gate oxi de 6#8Lis grown as the sane will be known and understood by one of
ordinary skill in_.the t, such .as by .thermal oxidation, for the ultra thin
single trystalli oo eRresents i coptplered seliignee of ProqeR® 9P W08, 065522
PCT/ US02/ 03113i§u11é9@)&-3('3,3rﬂ§iu§ilﬁfp%dQ%'eFd??oxﬁﬁﬁé ALMAObf biliBortbhk htirlslafbrsi NGl e
crystalline vertical body region 653. Next, doped n+ type polysilicon |ayer
642 can be depasitheidsulatof 4t rhas hyan doréred byarxidenmdgt cuts Budhna priopegse

crystalline vertical transjstars,. or ultra.thin body tr istors. The
Sty ot uret ORNHRRIGE guEes Srmbedhin Biwe ap i ) oaiaplng TRAANREY Ly e
pol ysiligen | ayard Psted, 'éﬁtméth‘_eEl‘i}BqMot‘ ??&u@fng;ﬂ?ﬁ%lplslaln% of §itidor ogNd 640- 2

and RIE etched to formthe desired thickness of the gate 642 for the ultra
t hi n si ngl e Insyistoal’lissned VER$/1697, whichnsiiscamparated therdin burdferienceb dthe

transi stors. In one enbodi.nent, the doped n+ type polysilicon ] ayer 642 is
R E etched t3rucBirashawn i ldgg4Cyisp pﬁggl,?arﬁg,thez%&saqutﬁl@ﬁ VRt ' 8d ¥ Bat i ng
gate 642 havj rd 4 Sl : I a $ Opposing the
ultra thin s?gg?(gs%osvsdt %ﬁlulnﬁdé&\e/oe]%ﬁegg)lz Vg%}geﬁl:agg?%l%%é@g%iﬂfan oxi de
| ayer 644 i sfotiepdthctedt, snlg hesthdyorminGMi3 it hnedG2 Brydpgrhtadfionvhd by a CWP

process to fill trenches 630. An etch process is perforned, as according to
the techrdPquewstis iy Bydhedpijaior ¢l %WPHCB ek, Becg (PRELDY %lgg ugdss CHiSom t he

structure. Thich of 8bordifk Hifhe prRAOSRARLICEA SbGVR, PLORS e Hfafithab. SatfiOSPOLT C
acid. The structure 1s now as appears as Is sho I'n gure 6C. Figure 6D
il lustrates 44022 irehidessaquiefinsecanitack Hyen €12 anoxislt éper 41hfdrmmgdtierédn, t he oxi de

| ayer 644 on the top of the horizontallé oriented floating gate 642 is
masked and edtdretgcord ph comtagsyayer 16 fosmed ophe eXide Byebl 4 a8, 644 in regions

where the | nﬁc%égﬂxi\%tggﬁ& ?eakﬂlﬁgﬁy@t;tg% B&Eexﬁ ehfibn, 4R ?eq'r'{gr?éé' el été%slbe

f oamed. Next I nterpo Insul ator 'or control gate 1n ator 660
is formeds Tieeoimbpitapglay sigairein Figudead Ar3Q)rean imludel fogaing thesamesdroat 660 can
be thermally grown oxide | ayer 660, or a deposited an oxynitride control
gat e i nsul at l§astithige diffsent typss ohgubshates a5 shovmdn FiigiesMi-4nder st ood by one of
ordinary skill in Il J J r wmrol gate

i nsul ator 660 is %ppﬁ?q %C;]m%ﬁﬂac&kaﬁéggé% ﬁ?p@ﬁb?ﬁgtf{ﬁ% t@cyt?%éﬁ

nanomet ers. fiemhtiorebbdifichis posvidahinMigurgad &-36) And any of tive dubsiagespol ysi | i con
«control gate can be formed by conventional photolithographic techniques for
patterni ng afhewhafigipbéitiGndo fosmoyertical gliratiym bodysengistors deng vdeet ol gate
| i ne abo t oI i . iy 8Nt f 4 otdher oxide

1 ayer ca\éﬁbe&g@ggag%’fs ggﬁ gg\lﬂelpaﬁgﬁgggua?@ e%éte)p%% thg"‘erg?[cfa%ot@é’ra‘épdg%u%ﬁh as by CVD to
30 proceed Wlhbtritibit didy, Higlre SadllustrtstaRenboimeiteildrs S40linad ¥46i 11 in the
art will understand upon reading this disclosure, contacts can be forned to
the second ctwmadpnjagpype suteirate l8and senarted y a treysho33 (0 ehmiosomety US02/ 03131
pillars 640-1 and 640-2 to continue with data Iine 664 formation and
standard BECQL processes. These nethods gan include conventional contact
hole, termnal metal and inter level insulator steps to conplete wiring of
the cells and peripheral circuits. Figure 6E is a perspective view of the
conpl eted structure. 5 And, Figure 6F is a cross sectional view of the sane
taken along cut line 6F-6F. Alternatively, the above sequence of
fabrication could have been



foll owed m nus the replacenent gate steps. In this alternative enbodi nent,
the process woul d have again begun with a structure simlar to that shown
i n Fi gur av@@@/od3szeever, in Figure 6A a conformal nitride | Zggruseeedisl have

been deposited 10 to approxi mately 10 nm and then di recti onally etched to

| eave the nitride on the sidewal |l s of g g{:ﬂs’F ermal oxi de woul d be
grown to i nstheslescriphionpraadelinsogneation é)gur Aé- r‘&‘gFl O8§2 gl y- address

 Lne bars 60gy, EngsEﬂdglﬁé 1 YRAth e S T2 BordiohioP il tn S LBAdIABACisC! o
(e.g. phosphor rP Cl and unne I ng, Ioatlng gate oxi

appr oxi mat el jhtderaldy Hrmed v@uhlﬁlda&lgr nmwsoyn Amexidelldyepfegidn 3 Idds éorpfcﬂed
ultrathin single crs?/‘}stal line film®6 An n-type polysilicon |ayer would be

-deposi t ed t oif pillprst548-} gndrxdfeXon @eéiryt coptrchidyeatd- ) 867and pEgontally. py VP
and then ls ecgqyrsare 511651:5 'sﬁb&%ﬁ%r&%‘;%w tfl«pg)uhg Ya L*,r 1%%1&)”?4'[19 Hle(r)é)}lﬁljg%4b”lte{nat hin

singl e cryst 1 he pr ocess “wou continue with an
etch processsas20esr p&ﬁdy@b@msm) sig mm @Sﬁ,%msm irekpettinety are2howsiom t he
structure. This 20 can include a oric etch process u3|ng phosphori c
aci d. From Ffamed 08@h¢ sacaad eontan l'tpﬁbé&sl thbmlbfsc | pd5452descri bed above

to conplete the structur Fi 7 E i t scription
of one enbodi nent i'bg @r‘\)ﬁ'ﬁy?ﬁpe(ﬁ%& b’%glac[ gs‘%aeﬁé% f?gmﬁe%control
gates can beo{QrthepilRatsnost sal 40 2 bhddirddtibhat étcmbdttb a¢uve ShigHy

structures. These structures can be achi eved by 25 soneone s |IIed in the

art of i ri0egdepedc-tipeadterial 485 pu shd Wwatbbrﬁ(f)@ﬁd?mll%rhﬁéo-dl@dﬁ&@tﬂre The

di nensions s S .n the f IIovmn proces riate to a
0.1 wn CD teg'ﬁglﬁﬁg@gp Nt ASEOT Elgst&ﬂeqt& DN 9 Elt “??S?’gF‘VSPﬁ@Pﬂ%D si zes.
Figure 7A re d & PSlysiliSorSlaler i8dirkQionh t%hawa lkdvehh@ugalSC. That
is Figure 7AH ﬁ‘dw\}gﬁ"% %%rgt |n Si r?%e] clrryslt alﬁ%"rale film 74‘136 al %ngyst he 30
si dewal | s of dppdd mtype Tdkderial éﬁﬁioﬁmmavmllsﬁéﬁ@lﬂd@ p?lBEIS S3hd allldt5|4Qt21| n single
crystalline film 746 at this poi udes n nS|n

crystalline VETE a0y oShfibioaia tereds st o heatiB e ¢ o
contact laye ﬁtf‘gn rgg thin 15 WO 02/ 06522 PCT/ US02/ 03131 single
crystall | ne \E/lgwrzl'galgc Sg{;% (l:llltes%urce/drai n region 752 coupled to a second
contact |ayer 716Thémextlsqunthoﬁpxpctsype:psisr@be"ibﬂdyst:amnactien watht i cal body

region 7S3 is pres nt . si de, of I Oopposi an ox r . 714 and
coupl es the Figug> ﬁ’r@@fﬂ 1t ﬁ“"lﬂ%‘adlr’&*}‘fg f? 0% S§'@EB%I Ldﬂé% f‘al n region
752. Accordi Ocdnse ﬁé’uﬁe{yg onf or mal
nitride | aye?g%‘]E appr o%%% i %i%{%%!lgegielpom tes&h&)sr{j%%‘gfgogs?mg/o[)ﬁ and
directionall yheemdvdveﬂilstSGOIaemleav@pMy&hmnm mlylemhé mdewfvalﬂ béthpipillass 740- 1

and 740-2. A oxide Iaﬁ r. 721 is then grown, (I:h as t her mal. oxi dati on,
to a thi @fnedd0drand 34Pxif Hus lr§lr9q‘2€FdrmﬁSPH"‘ed?aH grgon P‘é‘?‘b et PTEUBS s ed bi t

line bars 70 h ggyal |'s of the
pillars 740- %lt tﬂ%ﬁé&[}lgg{\%né@{'gg? %tg‘l?g%fgnla;sos‘ﬁohgau trathin single
crystalline film Mﬁguﬂ'ehﬁac rthé emdedlhayleforifmhhgmeaﬂm e singlesirysgalline

conventional stripping processes, as,. the sane be knov¥n and understood
by one of or §ERigANtrasistqrs,ion utradhisy bodyfregsisiors, op r‘%‘ qne sidep a%“%{pé rs in

Fi gure 7A. r ermal |y
grown on 15At§ha§HS| gv\]/glsﬁd‘g(gfBt%@&?%@e%%@?ﬁg{ehﬂlgg afs)%gr?gfxel sta F’l ne film
746. The Zshi n00 degreés (Dﬂsmm BhethigSfep, elegfommldon SaStWIll(rbmyﬁsllmé amppr oxi mat el y
1to 2 nm An n+ doped p silicon material or suitable nmetal 750 is

deposi t ed, sdmah@nt@ywd:w phase ragrowthevilospniesticadly o Asishewn e Eigyre

appr oxi mat el §EA&IC m%é %%%ﬁme QEOHEt ﬁtg% gOIBQ)'f)(]’? %1']188%4691@‘@ Fo- i&ﬂh' s then

pl anari zed, recesse to a hei ght

slightly bel géedahisQpydta\sedwitiantag wti'attlimtsh1gﬂb anyagllmecfnmsmlwnulrfenﬁl | m 746. A
-nitride layer 761 is then deposited, such as by CVD, to a thickness of

appr oxi nat el yiich ¢amtegised pe@ércmrawhafarbwraﬁandmg&cmﬁlam yelé‘%lhed to | eave
on the Si/'bqf \MiVI&PﬁFE'} traggl top ! ﬁhhg éllnggdl?f{%QBQf Iglé{n%%l_d) %el@t\;\gfﬁ?éz ,1._& 720

respectl ure’1s now as s I'gure Igure 7C
illustrates foh%nétsrd'éf‘dfmdeplflﬁﬂ Hewrygallifeionaxll prespeé netically midiaastheng st eps.
In Figure 7C, the nitride spacers 761 are used as a nmask and the exposed
oxi de in bet wealystiogmsscant conlartinaterial/lgyer $ip @a tamaf the pRiagep40-3@nd j s
selectively etched between the sourcelines 702 to a depth approxi mately
level with the oxide 721 on the sourcel{jes/y-address lines 702. Next,
again using the 30 nitride spacers 761 as a nask, the exposed n+ doped
polysilicon material 750 is




selectively etched stopping on the oxide | ayer 721 on the

sourcel i nes/y-address 16 W O 02/ 065522 PCT/ US02/ 03131 |ines 702 thus
creati ngwoO pavess2ef vertically oriented floating gates 763PCH/uspzosabl 730.
The structure is now as appears in Figure 7C. Figure 7D illustrates the

The. i ntar pol A b heRepapoh Stes cb et ﬁarf@S?@'lcatfi'égﬂrg{rgﬁg‘sf%ed».@ formed i n
the trench 7 stﬁl‘ﬁ‘é@t 4 il fégvev§%r'ahpfdulnﬁa e&the GerftbOd] iopD IR ifar63. The

i nterpoly gat |nsu ator or co gat I nsul ator 760 can be thermally
grown oxi de $4yeand S)-20This adpdanerads shovoxprHigured®.control gate insul ator

| ayer 760, as the same w !l be k d .under st ood by. one nary skill
"in the art. The if\6&hqyn ip Kigures ﬁa pgbmdr%'? aﬂ‘g?ﬂ“lr?ﬂ re§’§5‘é ﬁsaaaégé 760 is
10 formed to t + doped
pol ysi | i cgn éé:plb‘gl&qggpgﬁfopgg?@otgggg}aﬁg%{gﬁgg) réégl e Sg'gl%tlm@r{hé;uch as by
'CVD, to fillsiddeallsrssoaifess pitlairsga0d dnhrm%xnttheug’(mhﬁgﬁrdcessamdmceitness of

appr oxi matelé 100 nm The n+ doped p?bﬁ{Si | i con terial 762 is atggen
pl anari zed, 4ifsion®!He rovioping Bom;the e, andythespeand qoniact lgyers er 720.

The n+ doped I r ttlﬂﬁﬂ , . as by RIE,
to the approxil%O I%ﬁ#lé 5&%@"‘%5? eve? th@ S%fa gﬁ@frﬁﬁﬁgﬂé&r{}@%ﬁ ne film
746. Next, tfignBié rﬂodﬁwmatﬂldxaydﬁpazeanllslmlmmkedyﬁtanizwﬁte sfrigd ars 740-1 and
740- 2. The nitride pad | ayer can be renoved using a phosphoric etch or

other s uuloamrestﬂlél@h Aireiers as Ape lateral épitpgalisolid phasedepoyith eecuwsver t he

h f
appoar s h P19l e Rt abd of R teelolfy SRS PSR 07 T ana

upon readi ngvdrfitd sHigkCdrostbitifie b@@%gﬁhsssgammm dfah dyﬂmhﬁeﬂalsem@ﬁel cont act
| ayer 716 on top of the pillars 74 and 740-2 to continue with dataline

764 for mat i oembeimentafdhe gremnvsnb@@ dhevertiqy sBglawysialdise bady fegiinude

conventi onal t act ho t nd, i veI sul ator

o ore b oo DR veriks 1ot &SRS P LT TRR Rl s b O
a perspegki Vgj ufeawcqtrstmeAgeH@bﬁ&raﬂmgtmq:Mhe artARd, udaeaw&la upbni s a cross
sectional vi ew of the sane taken along cut line 7F-7F. Fi gures 8A-8E

il lustrate arcpdingdss diebsuicpth mmvomtlmbg&mimdlamwn by gwhcor depositadal
floating gates ca farnmed al angs ultra-thin 30.transistor
body struct ufed! ‘ﬂ §“fh8PS'£8FMS§?1 I%ri!l1 §Ae’<§ ‘é‘%‘ﬁt ftBFr%{ZBHQLHrB@?%r med above
the vertical e ofi@eeehd bR RRes sSBese structures can be achi eved by
sonmeone skilTed in the art of integrated circuit fabrication upon reading

this 17 WD 02/ OASEQQOWWMSOMEMGIE adli il undlarstand Tipen déadirgsthisns  suggest ed

in the fqll t . CD h I
bnd may 00 ot BePe R anires Bepthin B B ewrteRi hebShRpREL ot o o
structure si mdnantr&tméﬁle% wnlderﬁlﬂ mrte & a pbafon! oF the GiahifAInEOWS an

ultrathin single cryst iné film846 along the S sidewalls of pillars
840-1 and 84@vailime verticehtemsBB0s, oTIulatra;htrrlmdmtransustfmgs aceurgmigad thene fil m 846

at this p0|nt inclu an ultra thl stalli % first
sour ce/ dr ai ntREYIEHP égﬁp@é‘ﬂ‘&'@@“??ﬁ -alf g?t%b"bﬁ %létcwséﬂri'gﬁ‘ é&‘?g‘gﬁﬂo%n ultra
thin single glyy fl&& L3 rsm/gr &Qﬁlﬂ@%ﬁfeh‘lrﬁ@(ﬂiu?ée'fdr 'an%?}fl coupled to

a second contact [ayer tra thin p-type si ng sta i ne
verti cal 26o0dyoupdai tonheBﬁﬁt contact layer 512 and an ultra thin single crystallme vertical

second source/drain region 552 coupled to the second contact layer 516. An
ultra thin p-type single crystalline vertical body region 553 remains along side of,
or opposite, the oxide layer 514 and couples the first source/drain region 551 to
the second source/drain region 552. In effect, the ultra thin p-type single

30 crystalline vertical body region 553 separates the drain and source regions, 551
and 552 respectively, and can electrically couple the drain and source regions,

551 and 552, when a channel is formed therein by an applied potential. The

11



10 is present along side of, or opposite, an oxide |ayer 814 and coupl es
the first source/drain region 851 to the second source/drain regi on 852.
Accor di ngvo 02/bd56220r ocess enbodi nent shown in Figure 8A, aPcaonfsor/odBinitride
| ayer of approximately 10 nmis deposited, such as by CVD, and

directionally etched to | eave I the sidewallg of the pillars 840-1
and 840-2. Adeainged POHyES TegIPS; 53%%1(*3385@5@?%?% a0 Freglirg i Redrml

oxi dation, t ! f i : i . i;asul ate the
exposed bi t oot g5F RTRI Lo ARRICKYERIRL nafthal 49 heaRRA SO1d BodsB a5 of
the pillars gfllaxialasgro84l)whidhreevenstis thexindedlingrstepl ong the ultrathin single

crystalline film 846. The nitrjde | ailer is.then stripped,. using
-conventional stri ppesimprsiensafdie richreney igclyde an Waa s dinglnd under st ood
by 20 one of Lnar L : ' ears in
F gure. sa > ASRERUIR SodS bebn 553 hiVinfh erabiedih BEIHE B 3003l AMEREPTL |
‘grown on t he agha@vahbengh veARaEXpOE @€ 1ddh tHaatll0D instadefoirhy®t Alsbj e film
846. The thin tunneling oxide 856 is grown to a thickness of approxinmately
1 to 2 nm Adimensigpsdacipds §rain andsauicaresions, St and P 12a18FRecHES M hasB® 4 S
deposited, st . f L . t I: ess of

appr oxi mat el y&i%&%ﬁr%g%tp %\égrs]%(.ﬁ?)fﬁg hﬁbk%%)leﬁlcpo Sg%?ﬁeclgtﬁﬁr}%%ﬁhgéréﬁ gl 850 is then

pl anari zed, sHghliase fin SM e g Nds (HRAGHIRE, THk thedavditioRhes f)id?idtdhei ght
slightly below a top |level of the ultrathin single crystalline film846. A

ni tride |dyejudsionidepthpahichease siuchdess uariheehagpeldempth ppthg dericerpéss of

approxi mately .50 nm f qr, .spager _fo fion and di.rectionally.etched to | eave

on 30 the si elich #F seftanif B ﬁ?ﬁ‘%’té"i)%&%heéﬁg“&lf't Py RE Taisiies 1g ang 820

respectively gr&h&edszt Stlfehute $<|n4 tPanSRWrawith fﬁﬁMhﬁd‘bdﬂi&Us][oﬁtlhiﬁ%- sutfdce sph 02/ 065522
o]

PCT/ US02/ 03131 Figure 8C illustrates the structure ow ng the next

sequence of phagesediominsthepedy oftheirgugisioscales dewnias pihdetrapmiser s 861 are

d K dth i i t | ill , €.qQ.
ot de- 335 1 n cbmetasgels BBt ftddnt Stk Siep iz e wehadlienal | nee S0z
to a deptfy aPﬂhﬁizB@B?FHysli&“ggnza&iﬁﬁghg bbdere@iondst tRLMEFE M ltra thin, e.g.

sourcel i nes/y-address [ ines Xxt, again using the nitride spacers 861
as a mask, tHO mxpoked n+ doped polysilicon material 850 is selectively

et ched stopping on.the oxi de er. 821 on_ the sourcel ines/y-address |ines
502 thus. of bat | ng CReRToraY, A af g val Flfesdtrsar REPteQoe as: i n
trench 830, HRIGhiAAURE corRiuBMIASpARRRGI S likréih GAH B RerstPpyl gur e 8D

e t of the fabr

illustrates t next sequence I n s enbodi nent Ication

process. |n Ritgungd@ing speosictiehdt alyepre@BOinventi@pis ehbaly dpplitdbde tar ench 830
covering the verticall riented floatin ates 863. The oxide |ayer 880 is
pl anar | zed é?fgﬁ‘sea’gmﬁ TSIy lf&ﬁ‘ﬁgbf*ﬂ@ VSWC%ILPEO‘?‘TW sipgle nyd@?lwd"l ayer 820.
The oxi de | a%ﬁan&m?b%rah{laersr eRRITFAof UoRbt3S 1iite! lﬁmrflgnhégﬁkgc@sepr oxi mat el y

atop level 1 S of the ultrathin single crystalline fi Next, the
nitride pad ldayeiptidR9dessribahabosd, the Gabriciteonyprotess sar8ddtinuandfoddm 2 and t he

nitride spacers 861 are also.rempved. The nitride pad | ayer 820 and nitride
spacers 861 %W%E°§§5§VQH§%§%& én‘gﬁ%bﬁcﬁqeé“é‘?@ﬁggpb?fﬁ%'éf“séﬁFlicabl e

t echni ques. J ; g{)&;ﬁh . i nsul ator 860 is
formed over ﬁwégbﬂc?fi%gg%gfl%?ﬁ)g% In t@‘ﬁ%%t‘ﬁghngﬁ%%&zgé%ﬁd over the

verti cal 126 ori ent eRigireo6Ai6FJlIgsttats a Bridess Boquanot éorffohyingatseackedul at or or

control gate _insulator 860 can be t(germally gro oxi de | ayer 860, or a
deposi t ed an hewgental flopting gateragd cguire) gatpugtuss cmaodiment aefeled tohereiB e wi | |
be know and : Holgl-) rdj : Sk I : interpoly
gate insul at %rgglgﬁ(}:rg%ﬁ ?@FC gat égfltﬁ%dﬁgg‘%}g{e&é%g%té tl}e’(}gr%e&gt ?{\)/E%nc% '?létLezess of
appr oxi mat el Wimbnstorssudgasteddnelieciotlowing precese stepcak lappoptiaetted 0fll oat i ng
gates 863. An n+ doped polysilicon material_ or suitable gate material 862
i s deposi t ed mistretaCRyechplogy gad may be serled srspidingly foriotkey| R sizer cont r ol
gate ins t qf; i i i tes 863 to
a thi cknle%s(g g’ggﬁggﬁ?%pr ﬁ%%%ﬁ%@%?ﬁ%}%ﬁﬁ%%@é} Igr%(tjg%de‘ﬁp %ﬁ?&l{eﬁ?{c oﬂ%rtmgs?eri al 862
i's then patt digad 6Ashoivs ansifteahinisidglearyitaitine Fidmasad alongahs sidewlaly6sone of
ordinary skill in the art, into horizontal bars qr control gate_|lines. An
oxi de 875 is AaHAn6H0-Hapdsre-2dn trenches §30.pThevifsathin sigglecrystalling filmce. The
structure is now as appears in Figure 8D. 19 WO 02/ 065522 PCT/ US02103131
As one of ordinary skill in the art wlk,yunderstand upon reading this

di scl osure, contacts can be formed to the second contact |ayer 816 on top
of the pillars 840-1 and 840-2 to continue with dataline 864 formation and
standard BECL processes. These methods can include conventional contact
hole, 5 terminal netal and inter |evel insulator steps to conplete wring
of the cells and peripheral circuits. Figure SE is a perspective view of

o, o,



15 CAS* signals over wiring or netallization Iines. The nenory device 900
is used to store data which is accessed via I/Olines. It wll be

appr eci avaolobgessizose skilled in the art that additional cPCTMSI?Z/§31and
control signals can be provided, and that the menory devi ce 900 has been

simplified tg help. focus qQn,the i ti.o | east one .of the nory cells
902 has a rregﬁ emmlttdrﬁré%esge&%trtrt Sip ethP@tai](B“eeYPSB ?rﬁéﬁtsgurSF 3 present

invention. | q 11201 84h e
illustrates gergmerlné)soldél%rrgnt %Iﬁ%e} e)glrt&?oﬁ%c égg?egh gﬁﬁtgﬁ?ﬁﬁgflﬁ&mﬁaﬂmﬁr
novel menory verichlseadnd doerqefdesie négiomoEhtoupied tdhesecordisntaat lager GIf6. syst em

901, as shown |n Figure 9, is |nteﬂded t?‘.‘ﬂg{’dl de. a eneral under st andi ng
of one appl i &yl Bﬁtm’ép typresingle grysigtlmeisrt Yegion0p 3 o PRIt 3loggent

i nventiong agﬂe %P 6&&%]?&9& 6 14%nd%o IEQIHE'ﬁEt%qu‘c%ﬁd !uﬁtr{e/% of all
t he el enents an ea Bres 0 ectronlc system usi ng the no menory
‘cell structuBebto tl’ﬂursédmﬂ Sotiroe/dtairy fpion6H 2L st\cmqttﬁhgtotaeptooeml e to any size
and type of nenDry devi ce 901 using the novel y cells of the present

i nventi on an@mpedifent rfrﬂvewaé‘dgttre6beaq hilensd owietlméeréééccmlm WBoAFe. As one
O 1 20,0r 98 nafie altledinlsh kBEnanh uMhlrbioRYETLRL B B Dt BleGR AN C Syt em

can be fabricated’in sin acka e processin even on a single

sem conduct ogndddstand/\§3 @afo@mraﬁ"ﬁlnﬁ%l@sb&a 6abizsuch@s by d@vbo reduce the
communi cation time between the processor and the nenory devi ce.

Appl i cat iléns tesbiue-nThig miopadoxide a3l isdhen plpnarized ﬁi‘r@gmﬁ offeddhe i on as
described ingthisedl Stctlhg%‘ﬂa?s LRE] g&ﬁfﬁ SCLONLE %r%%{éssts erfo 38 1dalle TEMOTY S

nodul es, deV| edrrv power conmuni 0N enB proceéssor

modul es, and JBaRlsDGa A B@tﬁﬁh bf GreBhBB0E Nex@nm tmatspécn%dlysmcdmhydrl ayer,
mul ti chi p nodul es. Such ci rcwta/‘%can further be a conmponent of a

vari ety of ebaZorwdopedpxidepayer €1kts dgposited oyenthe piltagy @40- bla@fh64Qi2@e¢Ii I phone,
a personal an .aut omobi | e, . an i ndust rd n S

i Forarc. aniBt REpwi AR B A ETPERAG PR S PERLEE AR BRI, orory
array 10(@ 846-2r Cbheﬁl, the uﬁcﬂ‘t@e& B86Ailia6® 1296r 6228is Iéfc‘ﬂ@@ r&hclh ﬁlé/@)nRIE’fb as can be

included in a nenory device, e.g.” on a fmenory chip/die. The menory array
shown in Fi gleage mnclmclsudéﬁ)oambm&a$ inthe txﬁnqteﬁﬁﬁ)rglomgstldes)f bﬁcﬁpdstte 1002-1,

el udos at- pRAEIBEEM, ol e o oPEL pRide REROL oL BG tpriag e 1000

t eachi ngs of s&rﬁ@wﬁl[ Eéﬁﬁ‘éwh &V@ﬁﬁde%od% &W&r&xﬂaﬁ'sﬂﬂfﬁtﬁ@aﬂ%ﬁ plurality of
menmory cells are coupled to a plurality, or nbér of sense anplifiers

1006- 0, 1006udderstand, is dpo@SiGedNdver eheanharsrﬁé@ 1cai1d16|40 2Asuckss bpr GVIYi t | i nes,

DOf, DO, '81 * D #&ﬁ . ., DNF. Fi OFrs illustrative of the manner in
whi ch t héOnobEiceste fdieptrugiife igmow as a Pfé’é%lr'i’t IBYG&AY i on can be used in a

fol ded 20 bit IInelga@@tsrsgmts%te%edtﬁcﬁwﬁmothg%nfegrseau&ft%?ntIOnal fol ded
bit line nenory array. One of ordinary skill in the art wll understand
upon r eadi ngfabnicstiali gepsodnFegure 6Bfa héaetrnmm seppligd toaliffeseahe hitgper esent

i nvention can further,  pe din an t line configuration or any

ot her digitl R G B PSGdEverne B EERY 047 resp etk eggmia e CICAnS. The
absence of phﬁﬁﬁﬂﬁ@n %fe Gl QhIfde Ehﬁ%@@t&éﬂ&@&aﬁl&?&frﬁﬂﬁcﬂ@ih%ﬁd'séur&@ad by
addressing the word "ine”or control gate line5 and y-colum/sourcelines to
form a ca@sSncregomseod hamtﬁmesspcamveiy phiext sushawnfindagura nga‘seiectiMee:t(rho nt r ol

gate line would for instance be driven positive at sone e
Vol ts and thegﬁetﬂnarér/aéatﬁeeh\ﬁ@ knamiereadd undlersipod fbryee@.?ﬁ SHESRY not

charged wi thjehge %ﬁr@Bﬁr 1ﬁ i difioshif, td &%Iov%'tﬁ@t‘ﬂg'ﬁsdf esmtaeti I’IQU' d turn
on tending to I t atallne on th rticu row
i ndicating t Iaﬂdqrpedsaetysﬂlcoh layesﬁm edoXidaddyer 622 imetheerbhch 63‘0 tThies partl cul ar

floating gate is charged with stored electrons, the transistor 21 WD
02/ 065522 PCHIgtde/1H89% £S gprears{ad ‘5‘15?9 on and the presence of a stored
"zero" i cated I articul ar
floatl ng@g}ate canw}e‘{ ngg&%'ré %Crdetgf g@gi? é%og?%%%e\e%ﬁ%&tlﬁlb% read out
"bit pair &howy and dndessoodbynorie cofrdr;hnarysskriginethelattﬁsdchraebhtltemnat her both of
the data lines on each side of a particular control gate address 5 |ine.
Data is stor &4idatien fortheuliry thByS"PﬁJt-‘ cerseﬁtrredfﬁrtmﬁ tr;eﬁlfcgsws PHEYHIR | ine is
driven with a higher drain voltage like 2 Volts for 0.1 mcron technol ogy
and the control gate line is addressed gy sone nom nal voltage in the range
of twice this value. Hot electrons generated in the transistor channel wll
be injected through the gate or tunnel oxide on to the floating gate of the
transi stor selected by the 10 address schene. Erasure is acconplished by
driving the control gate line with a



negative voltage and the sourceline of the transistor with a positive bias

so the total voltage difference is in the order of 3 Volts causing

el ectronswo o2/eassmarel of f of the floating gates. Data will PeTaSazed3in "bit

pairs" since both floating gates on each side of a control gate will be

erased at the sanme tinme; this architecture.is 15 anenable to bl ock address

SChomes wher BOSLERINSATS BR taairbies b ing Ui SREs sl e verteal Rl ars t1 o,

CONCLUSI ON The,; S : | i

descri bed, by 1&{;@3(?? Iﬁ%(’g’un{)r{pgg%ar%@%o{@%@do\%géy eglfa 4??%$?§§?®%¥&wgﬁﬁﬂ?espect to

fl ash menory awatel642Fortht ndtrd thirmsibgle yryistabliveel weitivad trafdistds| emiltrd yies of gate

structures are_shown which can be utilized on three different types of

“substrates t Bodwiransistersh The sspsiurg thepundergoes, s EMR arpcssigamemera thpi gher and

hi gher densi uj S ] [ .S S er

di nensi ong O?X?%dgﬂg{yﬁggﬁl&%@g&ghag? {%nfgégﬁﬁfeébkgﬁcfedﬁ#%ﬁgﬁggﬁq gﬁlg?m dl

‘transi stor sea0Qtantd RIE&kcheditd formthé désired claiklendsOof the gdfe dledpr thulitrd cr on

di mensi onal regi me. The Eresent i nvention provides vertical access or

transfer traHinsmgle aysialine verira Hragpistorsa BF Yidrattkia body tapsigtorshilp 08¢ ngl e

crystalline silicon fil r,Q I 1 h i l. | a i i 1lar.
E?qlgpglmeni, ﬁheﬁ?p%g_ntwr}yﬁe %oggs)} i lg%eq%% is ﬁtgﬁecp 7 f?;/& B

. 1}
These transi W regions Scale ur al O smal |l er

and smal | er ﬂitsg&aply fitmeltidrizoRiaBy 6fivntbd flbfehgieid @/ 2RdVere: AddaedlanR of _
smal | er devices. The 30 advantages of smaller dinensions for higher density

and hi ghdi0 pef fess thand B0 aaromesens oppering dd uitra thimsinglasmistajling veayeal 22 WO
02/ 065522 PCJ/ US02/ 03131 .This inventio i.scl osure describ flash nenory
cel | where t_hg %‘?egéf’naégpﬁé{’é& Wfﬁqagrgﬁ%& _epaﬁfegesblfﬁ a3 éy Pg‘ilﬁt han the area
associ at ed %Pd&e%drﬂlﬂiaﬂﬁéﬂﬁi*mm Proctdsab FillSFRACh&B0D A HIQESproee@ s N the
fabrication of the nenory cell. hed b

. This is acconplishe y (i) Ea_w ng verti cal
t ransi st or s, pé¢iformadpasacchaingioghStechrigedssicseribed abovs xptripthemitnidei n each

|1 d (iii) buried Ij dd ing.th |l i ch di nensi |
Chan the m nidvEre &R b SrudirCCIRR B s iRost e o5 SRR ough ( he-
256 Moi t 18enghadphBAc Q4. @ﬁ@@ﬁlcgﬁrefii AW aSRERRAEHER i e RE gl Bt ed to at

| east 8F squared sizes where "F' is the mininumfeature size. This has been
det er mi ned nost | y Figure 6 ihhstratas tinet seqienceofdhbridatios stepseln Kjgere, and drai n

on the surfa f the sem conducting substrate, The cells.described here by
ot ue of hagPniestides Bur 6 2rdroton et Bie hreanedy AHenGe Moalh et b9 gate or

word address;di AT =Taf t-raz:hin vertical
body structu?ée%lgﬁﬁ%ﬂ%v@tbtrggﬁgi%g%}g% peré%n Wi ttlﬂéﬁﬁﬁ%ir%??ro%&g ]rlzesé;&ﬁan 100 nm

further incr edsrethe deerpolyygatelineulaenor gontrel pate ifsubate vbidishecfatrhed. d¥extj ni num
possi bl e di mensj ons, narrellbﬁm 4F squar.ed si zes w]_ev r, since each

transi st 30 cHif 18tesRAY g3 u{atorgr CPﬂtF?)lyg?'E’[ ‘F‘B‘Hatf’ﬁg&b Stfgﬂ',é‘?f% i the iP@‘R?r\lé bit for
coch 2 S 0 SN D o LRI O ST < e
660, or a deposited an oxynitride control gate insulator layer 660, as the same
will be know and understood by one of ordinary skill in the art. The interpoly
gate insulator or control gate insulator 660 is formed to a thickness of
25 approximately 2 to 4 nanometers. Next, a polysilicon control gate 662 is formed.
The polysilicon control gate can be formed by conventional photolithographic
techniques for patterning and then depositing, such as by CVD, a polysilicon
control gate line above the horizontally oriented floating gates 642. Another
oxide layer can be deposited over the surface of the structure, such as by CVD to
30 proceed with further fabrication steps.

As one of ordinary skill in the art will understand upon reading this

disclosure, contacts can be formed to the second contact layer 616 on top of the

14



WO 02/ 065522 PCT/ US02/ 03131 WHAT IS CLAIMED I S: A floating gate transistor,
conprising: a pillar extending outwardly froma sem conduct or substrate,
wher ei n twe 0%50¢5522 ar i ncl udes a single crystalline first ®cmtEsor/031ayer and
a second contact |ayer vertically separated by an oxide | ayer; a single

crystalline vertical transistor is forned along sjde of the pillar, wherein
the single cPQ@fsa@C‘ﬁ'hé“ @4Q‘§é%F°1‘tt}n&ﬁé‘1‘§‘t‘g‘Fa li“i‘f‘cﬁgfli‘dé%m%ﬁ?ntﬂ‘ldr ndgidy singl e
crystalline [ ' L.ch : [ n single
crystalline Do fRbeRRYeEdhRbotoL Al E R AR AR AR kD 2L &1 gl
crystal line weminat aletd @aad iierslous] desuthtan steps egcamplete wirmgtaftige @ik andpposi ng

the ultra thin_si ngll e crystalline vertical body region; and a control gate
“separ at ed f r BeRiRhsEAlCATEwHS. FHSWAOE 5P PERPFGHVEVagYHPT thg gampleted gructire, | oati ng
gate transi st,or, of | ' . | ' { H{d 1 ne
verti cal %od;e‘?’ P egﬁgb‘ﬁé @ngat]%%gsgﬁlg&@ﬁgln‘hgﬁ °Eg§/er%8{ etauﬂ{(n/!eé}r l&%ﬁﬁ@%g?ﬁéﬁéf | ess

‘than 100 nanonet epdterndfively, fhB@bbveotjidige o tabrichitisisdonldhavefbeeh ai m 1, wherein
the ultra thin single crystalline vertical body region has a horizontal

wi dth of | esdolidwed mpustheorpipeanaent gateFiges.f Inghisialigmgtive embadisiest dhe of cl ai m
o o £ e b Bl AP 3 ALl RS DSEPAS SRR ST

formed from ar ce rrsing: a

pi |l lar extengcnadwivaaifl Figutd ©Naos RFinaPRIEHHR! 18yer s hdVletheetieiosited t he
pillar includes a single crystalline first contact |ayer and a second

contact |ldyeto gprexpuidy dnmyandihexdigrstipealbretchedde rgrethemyidgionithe verti cal
oSO R ARt Kbt b PSS BRI ST o
10,170 SRR b et g s Bpee v vyl (o e
sour ce/ dr ai ntheadestripped byad isatropheectete(sag ghesphorc acitipangkra thin tunneling,
floating gate oxide of approximately 1 to 2 nm would be grown on the wall of
15 the exposed ultrathin single crystalline film 646. An n-type polysilicon layer
would be deposited to fill the trenches (e.g ) 100 nm) and planarized (e.g. by
CMP) and then recessed slightly below the level of the top of the ultrathin single
crystalline film 646. The process would then simply continue with an etch
process as described above to strip the nitride layer 620 from the structure. This
20 can include a phosphoric etch process using phosphoric acid. From Figure 6C
forward the process would continue as described above to complete the structure.
Figures 7A-7E illustrate a process description of one embodiment by
which vertical floating gates and vertical control gates can be formed alongside
vertical ultra-thin transistor body structures. These structures can be achieved by
25 someone skilled in the art of integrated circuit fabrication upon reading this
disclosure. The dimensions suggested in the foliowing process steps are
appropriate to a 0.1 pm CD technology and may be scaled accordingly for other
CD sizes. Figure 7A represents a structure similar to that shown in Figure 5C.
That is Figure 7A shows an ultrathin single crystalline film 746 along the
30 sidewalls of pillars 740-1 and 740-2 in trenches 730. The ultrathin single
crystalline film 746 at this point includes an ultra thin single crystalline vertical

first source/drain region 751 coupled to a first contact layer 712 and an ultra thin

15



5 an ultra thin single crystalline vertical body region fornmed al ong side
of the oxide layer, wherein the single crystalline vertical body region
coupl es W@ 01/065512 source/ drain region to the second sourceCEnsonoxayi on;
and a floating gate opposing the vertical body region and separated 10
therefrom by a gate oxide; a control gate separated fromthe floating gate
by an i nsul asiogleicaxstallinevesiigal seropd soyrre(draimyegion TR couplgh do 8 s¢eopd| | i ne

sem conduct or, ' n ' e I t . i ' : stalline
verti oal bodsPTaniBs IherafPRRE TR oShibe febichhsRlvatdh 7R ' ot
contact | ayefs;presesdt disn@sidabs ok bpyo sl sxidd 1aydriTa 4906 @B6bleome Teét | ayer. 6.
The nmenory cell of claim5, wherein the buried bit line is nore heavily

-doped than t srairéd/drain region Sl to tygsecanddonseldsrineesiomy &y r Arqoyding ththehe fir st
contact l|ayer., 20 7. The ry. cel | claimb, . wherein the ultra thin
Sngle cor 9t BiorFRER el el RNy Fagec e gt Ml oAb annel “havi ng a
‘vertical | engdfiofitnateds $0 hheil d3RRite@NABRAELSPCVED alld dikBRioRBIPEXh&EbL!I of claim
7, wherein the ultra thin single crystalline vertical body region has a

hori zont al wedvhowf ondbessidéwallsid theapidast7d0d. and 740k:  Areeisieylayas/R1 ¢ ¢l ai m 5,

wh in th il t end t dl . A | aLi ' f th
Sn conduct ofhet gae sudh s Hea Rutdaling 1 G ess L afetBlaldtdn B (e
sem conduct of, gHBSh RN Saté Hel tPERABiSidel FaB @D THRShAIrRfal fub& bpen 25 VO

02/ 065522 11. A nmenory cell, conprising: PCT/US02/03131 a pillar extending
out war dl wOf r timsalesatts obthe peliars 740ibsind 44@-2 priventsi axiddtenpidrigdahe i ncl udes a

single crystalline first cqpta er, and.a second contact |ayer separated
by anoxi e Rl snels cyslies Sy 48 Tt BREE e SMSPEL I TRor o al ong
side of the pj \Jeﬂtrional‘!:‘%'rbgin% Seessek Ao s_ﬁﬁﬁé%iﬁlﬂe!ﬁﬁgwﬁ%ﬁh'uﬁ@érsltoB@B?' stor
i ncludes; an ultra thin single crystalline vertical first source/drain

regi on coupl enk éftortlimary skils in theattadhe lsayaure imnowlas nppdabhd in Bgurgl7d. cryst al | i ne
vertical second squrce/drajn re% on 10 cou.Iu d. 1o the second contact |ayer;

pl ed,
an ultra thin si ngs&heyyut Bigprey®, adhin; taneligg gridedadds thegralbuerara g
15 the sidewalls of the exposed ultrathin single crystalline film 746. The thin

tunneling oxide 756 is grown to a thickness of approximately 1 to 2 nm. An n+
doped polysilicon material or suitable metal 750 is deposited, such as by CVD,

to fill the trenches to a thickness of approximately 40 nm or less. The n+ doped
polysilicon material 750 is then planarized, such as by CMP, and recessed, such

20 as by RIE, to a height slightly below a top level of the ultrathin single crystalline
film 746. A nitride layer 761 is then deposited, such as by CVD, to a thickness
of approximately 20 nm for spacer formation and directionally etched to leave on
the sidewalls of the thick oxide and nitride pad layers, 718 and 720 respectively.
The structure is now as shown in Figure 7B.

25 Figure 7C illustrates the structure following the next sequence of
processing steps. In Figure 7C, the nitride spacers 761 are used as a mask and
the exposed oxide in between columns of pillars, e.g. oxide 333 in Figure 3B, is
selectively etched between the sourcelines 702 to a depth approximately level
with the oxide 721 on the sourcelines/y-address lines 702. Next, again using the

30 nitride spacers 761 as a mask, the exposed n+ doped polysilicon material 750 is

selectively etched stopping on the oxide layer 721 on the sourcelines/y-address

16



side of the oxide layer, wherein the single crystalline vertical body
regi on couples the first source/drain region to the second source/drain
regi on; awoo0lBe6sa2X | oati ng gate opposing the vertical bodyPCEgisozoaad
separated therefromby a gate oxide; a control gate separated fromthe

floating gate by an insulator layer. .a buried hit.line f d of single

cryatal i no. SoR LERBE BRI BR TS VeI cEisted dOB R B RRER LRt i 1 s ngl o

crystalline yggt *'rﬁé‘étnf%?tﬂ)é igmgpapgg?@rigﬁkuw%zo buried bit line is coupled
|

to the first contact layer; a dat ne coupled to the second contact
| ayer; and wher ei Figuhe7Dlibadtrang timtext sequencanimdhis erdbotimeent of Hel ow a t op

surface of the pillar for addr essﬁabt he ultra thin single crystalline
-vertical bodfabrisatigghprosessq n Fighge ¢ interaply gate InFUlRtRT QRCONKILEYE N t he

om0l 98! el Rds ikl A 19 AN R A6nlh P! o

13. The menor e erein the ate 1 nc
‘hori zont al | y gates 268.€Thd incapolp gagdhilaths@cdhtrobgateinksulagdr 760dan bé t he
horizontally 30 oriented floati gate has a length of |ess than 100

nanonet ers. ﬁ@mammagalzypg%ﬂmqm@ AOXYPHEAAERRITA) 8861 | of claim
L. wher el §iGialdr Al Hio 9R%Re Lt WARS: ihoWPhld iffetlodd iy A ohailly ng dat e

havi ng a vertica ng Ss t nanonet ers. h menory

cel I, conpri skifiga tiee $t.| Ty infxpein gate gnsatiavesrdontrblr e sslamr 7e06uCt or
substrate, wherein the pillar includes a single crystalline first contact
| ayer andOa &wmsddo adhickness phgpproxyeptehat kgl hyanemetsts.dAningydapeda pair of
single crystalline vertical ftr I staors. fqgred. al on RPQSI si des of
the pillar, \R/ﬂfé’?@f:%men E:eﬁl%g?rnsgulltgg%rgééct"éz?tfrilﬁe%gelsr ?pggﬂqecf’)r‘c’gcns?sgg'oégPhcl udes;

an ultra thip fil figd erehyss bapite ARolE frduphk 780 (S tiHelHesLs Tipptdkima@iyon coupl ed
to the first contact layer; an ultra thin single crystalline vertical

second sour céP@nmi riTheayi daped palysidigon matarial 62 sriblercplanarized) ks b5 an ultra
i oL BRI B B RN B R AR BogPBAR L 10" O
first sourscepfhteiah 762G tAéh recessed, such as by RIE, to the approximately a top level of
the ultrathin single crystalline film 746. Next, the nitride pad layer 720 is
removed from the pillars 740-1 and 740-2. The nitride pad layer can be removed
using a phosphoric etch or other suitable techniques. An oxide 775 is then
deposited over the structure, such as by CVD, to cover the surface. The structure
20 is now as appears in Figure 7D.
As one of ordinary skill in the art will understand upon reading this
disclosure, contacts can be formed to the second contact layer 716 on top of the
pillars 740-1 and 740-2 to continue with dataline 764 formation and standard
BEOL processes. These methods can include conventional contact hole,
25 terminal metal and inter level insulator steps to complete wiring of the cells and
peripheral circuits. Figure 7E is a perspective view of the completed structure.
And, Figure 7F is a cross sectional view of the same taken along cut line 7F-7F.
Figures 8 A-8E illustrate a process description of one embodiment by
which vertical floating gates can be formed alongside vertical ultra-thin
30 transistor body structures and a horizontal oriented control gate can be formed
above the vertically oriented floating gates. These structures can be achieved by

someone skilled in the art of integrated circuit fabrication upon reading this
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to the second source/drain region; a floating gate opposing the vertical
body regi on and separated 20 therefrom by a gate oxide; wherein a

hori zont a¥0 p2esssizon depth for the first and the second ul PCa/ush2/813i ngl e
crystalline vertical source/drain regions is nuch less than a verti cal

|l ength of the, ultra in.single crystalline yertical body region; 25 a
con'? rol gat eglasglﬁé‘l’rﬁt é{'ge BFB Sg)r‘f' S'f‘$%étF %tf@JPﬁO%wggﬁOqeﬁ%ﬂ%%%% | ayer. a
buried bit | f1 (S4 i ' leal and
i sposeq bel SptopiTREa 011 y3h O RofiflohPld Ml GERaRANHEHREITRY SiE] ANC

buried bit | Chesizes. dogypt 84 repretdigs 4 strigture smbidestto kay eigwramdFiguddGa | i ne
coupled to the second contact |ayer. 30 27 02/ 065522 PCT/ US02/ 03131
16. The fl asﬁhﬁéﬁﬁffg}“r%%ls}‘%‘f’s &1 ‘e\%’iﬁ@%?lnﬁﬁéﬁrﬁtq\i\e’é%ghn 5?%3@“&&‘%& eis

i ndependent | y: ;di ' ' A | ' of the
pillar su?h %{lﬁg‘ﬁ@éggﬁﬁy %gﬁﬂ?“gastqg Zflglq%g?}ge\?vsgat %Qggﬁ%{:@k%ﬁét he pillar. 5
"17. The f | asbrys@ahine\ilmes846 athis painmnthidesvre nirarthintséngloatystallingaegidas f or med

in the trench below the top surface of tge pillar. 18. The flash penory

cel | of cl ai Fstsourgg({drayt regioncty Linoupled tgp frsdicoptpet layey 1 Arnd Ae ulpythinc ) body
: el i . ' 0. I th

100 nanonet of SEle T KREy G WeConUlRG il Relort 842 (BRI Iotthd, OF 1 oG

bit line is teitardayen8e@r Ahhutradhihptpe siiglstrysianinactrticassdyasgioh 853 epar at ed
fromthe sem conductor substrate by an oxide layer. 15 20. The flash nmenory
cel | of difai ifpPresenizpleng pide eh O opPesie; Hpxdde Byerfdid pnd souplas the bl al | y

nanomot er s. oA el b BBl P diin fil 852, AFIRbARR ) oot ng

gate incl udeprodess@nitiodirhént sR6wR iYi Bigufd 8¥atd do@f@iatabnitiddd Rgerdofvertical | ength
of less than 100 nanoneters. 22. An array of nenory cells, conprising: 25 a
number of pi PPRIPXIMEAtElEAGinAYis skapasiicd) spch ppby & VEy and ditectiangHy sigbed toat e,

wherein each, pillar ingludes ingle crystalli i rst.conta l.ayer and a
second cont alf'f 3’31 r°“3§%21‘95%1§* @iﬂ%%lﬁgfi%é'll %{gﬂe@%% ﬁf%‘gér)la%‘fr%?il Ayl e
crystalliise uRhigr®ah, suElRBshythermsalloRidiEeEn,ab anBickedss 6F Hshroxidtselpbohhe

pillars, wherein each single crystalline vertical transistor 1ncludes; 30

an ul tra thi medegfioangvate the éxppsedibat inedzirs 802 STheswonfarmaliniride lageri am
the sidewalls of the pillars 840-1 and 840-2 prevents oxidation along the
uitrathin single crystalline film 846. The nitride layer is then stripped, using
conventional stripping processes as the same will be known and understood by
20 one of ordinary skill in the art. The structure is now as appears in Figure 8A.

As shown in Figure 8B, a thin tunneling oxide 856 is thermally grown on
the sidewalls of the exposed ultrathin single crystalline film 846. The thin
tunneling oxide 856 is grown to a thickness of approximately 1 to 2 nm. Ann+
doped polysilicon material or suitable metal 850 is deposited, such as by CVD,

25 to fill the trenche to a thickness of approximately 40 nm or less. The n+ doped
polysilicon material 850 is then planarized, such as by CMP, and recessed, such
as by RIE, to a height slightly below a top level of the ultrathin single crystalline
film 846. A nitride layer 861 is then deposited, such as by CVD, to a thickness
of approximately 50 nm for spacer formation and directionally etched to leave on

30 the sidewalls of the thick oxide and nitride pad layers, 818 and 820 respectively.

The structure is now as shown in Figure 8B.
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coupled to the first contact |ayer; 28 WO 02/ 065522 PCT/ US02/ 03131 an
ultra thin single crystalline vertical second source/drain region coupled
to the sav0n02065622% act | ayer; an ultra thin single crystal lPCrasSIBoziBral body
regi on whi ch opposets the oxide |ayer and couples the first and the second 5

source/drain regiQns; d,.a.floafi at osi,ng the vertical body region
and separ at ed the%égqrﬁggﬂgu%m&‘é?ée %%cg‘g??%ﬁoﬁﬁﬂg gﬁg'ley’/‘Pﬁﬁtu'!}ﬁeio d bit Tines
formed of si ﬁ%c‘éss@ﬂg\’sﬁé | |H1'F?gu§@§€9@n@‘i‘1%ﬁﬁ@5pd&@xfs%r6'l%}e A adia5PRRGHa bel ow the
pillars in the array nory cells for 10 interconnecting with the first

cont act | ayetheodxposddumidait betweetn qolurnas of pikbars,reeg. axidey338fin Figuoe §Bewl | s; and
a plurality of control |ines separated. fr each floating te by an

“insul ator | a?%‘F?“"fg’ ezg?e&ﬁ;gv%antgg,s%rceﬂ@ﬁﬁg& ot qi‘?ﬂbf‘PRfP’é‘F‘?ﬁ? 32,?‘3" erein each
floating gate,j ; [ X t f each pillar. 24.
The arrayggf %vrlr{eh?rtg% 9{“?2?% Bg?h %f@?ﬁ“ggﬁym@g 'ﬁ%ﬁgﬁ ﬁégtétg %‘Hgag’g?@ él ncl udes
"a hori zont al hitride spacers @61 lapatmash), thatepdsad nh goped/polysiiadn m?tldﬁ‘alcﬁSOI i#ss t han
20 100 nanoneters, and wherein the horjzontally oriented floating gate are
separ at ed by Seestveht stehpdpianpingonyheoxye layse 841 ppdhe souFcelingyyy-addiessst al | i ne
vertical body: | | | - I adj acent
i1l are. 25, ipReRUzEs BRAARRERAP DL SorlBRIytichla Ay RE PP Bo B ™ ) 2y

of control 2330i Thsstaicturdiisp®s aslappeaisiia Figure 80ove the fl oating gates. 26.
The array of nenory cells of claim22, wherein each single crystalline
vertical Wody regifegirs RPIillueEntes the poxi sequeasmial thisembegdimeniof thecal | engt h of
| ess than 10 r e . : I m 22,
wherei n eac h(?%l?ﬁ?ﬁée??{’)[ﬁﬁ?sgl ?x?lfgé{e %ﬂa’rﬁned[' ‘gél/]ta%rigr@gp ?és(pogg%)daﬁlatﬁ éeg&ltl)cjb' an oxi de

| ayer from t 1880 severiagnik cértical Bldented! floatinf gatey €60 2T RESAde Rigdy 44808/ 03131 28.
The array of nmenory cells of claim22, wherein each floating gate includes

a vertical | y ptanpizadesnchl asdyiGMP gderpingon the thick aitride prd Jayan®29. ofhel ess t han

oxide layer 880 is then recessed, such as by RIE, to the approximately a top level
15 of the ultrathin single crystalline film 846. Next, the nitride pad layer 820 is
removed from the pillars 840-1 and 840-2 and the nitride spacers 861 are also
removed. The nitride pad layer 820 and nitride spacers 861 can be removed
using a phosphoric etch or other suitable techniques. An interpoly gate insulator
or control gate insulator 860 is formed over the oxide layer 880 in the trench 830
20 and over the vertically oriented floating gates 863. The interpoly gate insulator
or control gate insulator 860 can be thermally grown oxide layer 860, or a
deposited an oxynitride control gate insulator layer 860, as the same will be
know and understood by one of ordinary skill in the art. The interpoly gate
insulator or control gate insulator 860 is formed to a thickness of approximately
25 2 to 4 nanometers on the vertically oriented floating gates 863. An n+ doped
polysilicon material or suitable gate material 862 is deposited, such as by CVD,
over the interpoly gate insulator or control gate insulator 860 and above the
vertically oriented floating gates 863 to a thickness of approximately 50 nm. The
n+ doped polysilicon material 862 is then patterned, as the same will be know
30 and understood by one of ordinary skill in the art, into horizontal bars or control
gate lines. An oxide 875 is can then deposited, such as by CVD to cover the

surface. The structure is now as appears in Figure 8D.
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100 nanoneters. 5 29. An array of flash nenory cells, conprising: a nunber
of pillars extending outwardly froma sem conductor substrate, wherein each
pillar imneOoztesssze single crystalline first contact |ayer aod/usoyenond
contact |ayer separated by an oxide |layer; 10 a pair of single crystalline
vertical transistors forned alo .%.op osi ng, sides of each pillar, wherein
each single cryst &S5l gedipary ski tlpé}gfé‘?rgwg} URGESt @Ongﬁafﬁpg MiS t hin single
crystalline WRblsGdl cdrdidchd cahBEIGRNCY @'thle ERBhP oA RARE 8100 sp dfhst cont act
| ayer; an ultra thih single crystalline vertical second source/drain region
15 coupl ed t @illafe84BT and 84®2ttacontinay evith damlinet86d fotmaioniandlsandardst al | i ne
vertical body region forned al ong side of the oxide |ayer and which couples
“the first and®bEMepwsesey Shese msthadscen inglids senvegHanal copigskhaley gate opposi ng

t he verti cal . hody ' t i gate
oxi de: o B urdfiny HERER e BRATANER S BEhALIA M OB M2

‘seni conduct opetiptiegaliciicuidd) Fidug(3Esied pesbestiviehéew of thercemipletédstnaxuray nmenory
cells for interconnecting wth the first contact | ayer of colum adjacent

pillars in the ar Figurepi foy adbdpakdiagram of gp gmbpdinieng pf aelestsgnic | nes
ted f f i ' : d | | f
data i nes colBgo) st bRt 8RSl By R LR W B 0 D1 Va0

30. The arr agmbbdiimens bhdVa Bigeel9, thekstemaomirdudeshememnbryedsicefdooat i ng gate
is formed in a trench below a top surface of each pillar such that each

trench hd@sesvhichpkdsranagtray obmemegy ells@92orrlsoess dgeader904.1rew acesA si ngl e
VO 0

! = B e A B Sy R A AT e

pair of fl oafiAgudoGPlesircuits 126 AR RS dhdvn MTFikield, Hedirdug)eN inclddesBhe array
of flash nenory cells of claim30, wherein the plurality of 5 control |ines

are forned i pracessor Pbh e mesasycentrolies forauemnenyacedssinge The megrorgdavipet ween
th [ f f ti tes,. wh [ h .f tJ Pard
vert el 1y oPPRicetit POURT sisRRR AR LGRS0 oo bk P RAFAMES® an 100

15 CAS* signals over wiring or metallization lines. The memory device 900 is used

to store data which is accessed via I/O lines. It will be appreciated by those

skilled in the art that additional circuitry and control signals can be provided, and

that the memory device 900 has been simplified to help focus on the invention.

At least one of the memory cells 902 has a memory cell formed according to the
20 embodiments of the present invention.

It will be understood that the embodiment shown in Figure 9 illustrates
an embodiment for electronic system circuitry in which the novel memory cells
of the present invention. The illustration of system 901, as shown in Figure 9, is
intended to provide a general understanding of one application for the structure

25 and circuitry of the present invention, and is not intended to serve as a complete
description of all the elements and features of an electronic system using the
novel memory cell structures. Further, the invention is equally applicable to any
size and type of memory device 901 using the novel memory cells of the present
invention and is not intended to be limited to the described above. As one of

30 ordinary skill in the art will understand, such an electronic system can be

fabricated in single-package processing units, or even on a single semiconductor

20



nanoneters. 10 32. The array of flash nenory cells of claim30, wherein the
plurality of control lines are disposed vertically above the floating
gates. 3WOMhesa2ray of flash nenory cells of claim?29, wRETAISA2/eH3N
floating gate includes a horizontally oriented floating gate having a
vertical side of, | ess thap 15 100 nanoneters,. and wherein the rizontally
orf ented 11 oakPriY G0 FaicE P MR GARR L SN, D OSSR e O ¢ he ul t1
thin single ﬁ{e\&ﬁtrﬁ‘hé\iiE@ vertical body regions on opposing sides of the
trench for colum” adjacent pillars. 34. The array of flash nenory cells of
cl ai m 29, wher ei nAphbcgions abnthying th2 Bove menwiry kelhefthapeesditsipeegwnverti cal |y

above the floa‘_tji ng gat eg.. 35. The array of flash metm)rge.cel | s of claim 29,
“wher ei neachasfgigrbedinglis gisclosure aplpde glectionin, ysignsy fopyse ig RN cal | engt h
of |ess t@ana@gglég,ac%‘ef@tcﬁirv%rsaﬁgv@r 881408 Atnuicdfidh f_?lfodérﬁig)r&!@gbr_lo

nanomnet ers. . ’An el ectrohic system conprising: a processor; and a
‘menory devi cemodalep) #d dpplicdi@nppec fis avidpleswidanay inblademmtilgygevi ce i ncl udes
a nenory cell array, and wherei.n each mam)ré) cell in the nory 30_array

i ncl udes; 31multghipmodglss.>SughceiyaudnpganFunheres Jubeempaneshal hypristt Mar dl y

froma sem C?B%f&igé%s?éiﬁs?ts{\éﬁ f5a %ﬁ{,ﬁit&eﬁ%g, PLdil MonkWhdidismy @ singl e

crystalline tirs ontact "Tayer and’a second contact 1ayer separated by an
oxi de | ayer ; cemputeglag aatoysdbile] imi@dwseriili coalrol systesi, sh aitcrhfiy amicbthdrong sel ect ed
sides 5 of each pillars, wherein each si ngl e crystalline verti cal

transi st d0 i ncl udEigure k0 illuskrates p empdigment @frameBmPTY FHERAD0P; acgprding st

sour ce/ drai n,q (01 0 6UBH 8 of Qb IoR! (GORLRGCI NS bt Bt 1

single cryst I'née ve Second sourte/drarn reglion coup t0 the

second cont aglg, by Giemoky chip/dié.t The inBindrpari showh)is Fadurd D@ ineaides gal  body
regi on whi ch opposes the oxide | ayer and couples the first and the second

sour ce/ dr ai nphugg)ityeEmegedy eclls) bAZ-0g 0§3tle. oppdBi-Ng Thselwalitiafal body regi on
and scparateq St ELeRBRa dale, OB MR AL B dRhE s
pillars i3 tBel frmed ab&@nY t6 fleltéachiigs bhiRPERBALIALEMBNWASEHoWA 1A I St
contact |ayer of colum adjacent pillars in the array of nmenory cells; and
Figure 10, the plurality of memory cells are coupled to a plurality, or number of
sense amplifiers 1006-0, 1006-1, . . ., 1006-N via a number of bit lines, or
digitlines, DO*, DO, D1*, D1, . . ., DN*. Figure 10 is illustrative of the manner
in which the novel memory cell of the present invention can be used in a folded
20 bit line configuration, in substitution for a conventional folded bit line memory
array. One of ordinary skill in the art will understand upon reading this
disclosure, that the novel memory cells of the present invention can further be
used in an open bit line configuration or any other digitline twist scheme. The
invention is not so limited.
25 The absence of presence of stored charge on the floating gates is read by
addressing the word line or control gate lines and y-column/sourcelines to form a
coincidence in address at a particular floating gate. The control gate line would
for instance be driven positive at some voltage of 1.0 Volts and the y-
column/sourceline grounded, if the floating gate is not charged with electrons
30 then the vertical sidewall transistor would turn on tending to hold the bit or data

line on that particular row down indicating the presence of a stored “one” in the

cell. If this particular floating gate is charged with stored electrons, the transistor

21



a plurality of control lines separated fromeach floating gate by an 20

i nsul ator |ayer. 37. The electronic system of claim 36, wherein each

fl oati ng Wat&0652F ormed in a trench below a top surface ofpcaagdopsizhar. 25
3 8. The electronic system of claim36, wherein each floating gate includes

a horizontally.,.oriented floating gate having a,vertical side of |ess than
100 nanonet erglingf Wgﬁaﬁﬂlqm@%ﬂ%?%ﬁ?rgm%ererfr@l‘ﬁa&ﬂl i thegslihndndhises are

separat ed by rfarbbAuiadbredbit a Biilflaf NOMARLAR bl NSl Gy st al |1 ne

vertical body regions on opposing sides ren or col umn adj acent
pillars. 30 3%ostdrevericaty raadiont By ditgrairs? by hddrassify nosbealyei singledatallineal ity of

control line re di spos ert.icall bove the flopating gates. 32 WO
"02/ 065522 PC%P?E@?/’égwgﬁgat?ﬁiéese%écﬁéme@fé;Pé'ft@H\‘aéFO'@r%liaﬁes?elfir%er ein
each singl S i 1 td Gal i gl - nnel
‘having a ngr ? iirn}:ééltﬁluelgg{t%rr\é/%fl HI glggel? ﬁgﬁogﬁgtﬁgﬁo’%@%g@ %tggﬁygﬁjg%gﬁect ronic

system of cl avith Bhigherrdraiai voltegecliked? Vohe fqrlOulr midroy teefindlogy &6l thet |ines is

separated by an oxide |layer fromthe sem conductor substrate. 42. The
el ectroni c syoREhE3fe leds addigssed Ry semp nemanl volgageiin ghegange ofitwiicedhis a

ticall LeAt ' - ' ' . th, of. | th 100
10 nanome! er s PoAReCoiRnAle DR Mhhok Ehicff it B ik QltiRR g

menory devi cehd gaté odiunnel amideronaty tiof floming eutecstIthStranikpbradlecRdbyend 5
processor, whaé_ei n Lhe array of nenory cells includes: a nunber of pillars
ext endi ndl CouHBEeR SPhePentEsuwis asaampdiskad byidristingithe contrelrgatmlingawith pi | | ar

| ayer  sopar ar iy Quaeir AP siubcetng 5P Beehyts Y Sl s BRI RRG ver i cal

transistors taalnedtagt diffprapp dsinnge 6ideest DV oraedusiigldi@fronyeaighdl og@Ch singl e
crystalline vertical transistor includes; an ultra thin single crystalline

vertical fir&fthsdlnating gatss- nDptagiillive staspd oy itpaing? since bothdloating gatesiyer ; 25

an ultra thi i . t i vertical, second sourceldrai.n region

coupl ed tot RS St Kiliet LIEWITbE iRty HTEE Hng St GlsariFebafss ne
vertical lsodymessblon Blockadliréss QEtkntds Sehefd sechibns Bt tACarlAYRE cAREH ¥ ch coupl es
the first and the second source/drain regions; 30 a fl'oating gate opposing

the verti cal resehf thesgmetinged separated therefromby a floating gate oxide;
33 WD 02/ 065522 5 PCT/ US02/ 03131CONCLUSION

The above structures and fabrication methods have been described, by
way of example, and not by way of limitation, with respect to flash memory with
20 ultra thin body transistors. Different types of gate structures are shown which
can be utilized on three different types of substrates to form flash memory arrays.
It has been shown that higher and higher density requirements in
memories result in smaller and smaller dimensions of the structures and
transistors. Conventional planar transistor structures are difficult to scale to the
25 deep sub-micron dimensional regime. The present invention provides vertical
access or transfer transistor devices which are fabricated in ultra-thin single
crystalline silicon films grown along the sidewall of an oxide pillar. These
transistors with ultra-thin body regions scale naturally to smaller and smaller
dimensions while preserving the performance advantage of smaller devices. The
30 advantages of smaller dimensions for higher density and higher performance are

both achieved in flash memory arrays,

22



wherein a horizontal junction depth for the first and the second ultra thin
single crystalline vertical source/drain regions is much less than a
vertical weongodsszf the ultra thin single crystalline vert ipcalusomobisr egi on;
a plurality of buried bit lines formed of single crystalline sem conductor

material and di spgsed bel ow th ilJarg in e arra ry cells for

i nterconnecting w ﬁ‘PYFé‘tPPrdﬁCF%EWJ&E‘P eé)?é{a&bf“emr%ﬁaf%j?éé]%i’rebi llars in
the array of {EERIc it 4 Sineitafh L ¥k o B ae@AdoRlardd iR pePar at ed from
each floating gate by an 1 hsulator layer; and a plurality of data.lines
coupl ed to t heniseaodthasivnaeinsisay and bordeswisedljinathe fdbrightidras Sthe denibdy The

el ectronic systemof claima43, wherein each floating gate is fornmed in a
‘trench bel owcll-t bhis égccampligieddydn haymg yerticakisanstsiars (3 more ke ¥neouses a

pair of flcoa Hﬁ@.ﬁ i . r.a 4t i I al |4 vertical
body regi cs)nsE| n %tg%ﬁora%? %gﬂg%?[ l}ﬁi@f??hgéregl agxg @B%&‘gﬁghgﬁ %@g&%ﬁ Etﬂ}’{:’I(}'%I.llr ench,
“and wher ei n whéchoigive divherfsicai¢ss thagahemiminuns faarasieel by an i nsul ator | ayer.
20 45. The electronic systemof claim44, wherein the plurality of control

lines are formed GsllsHucturespsed wrloqpdithrough hei3oMbid gereratipn for| | ar and
between the pai {pQf ' : ; el [ ?‘ﬁﬁ i ncl udes
a vertically ori entoéhL%%&gﬁlgﬁg%ag?gcﬂg@ﬁn%g% é/tg?agﬁggfgqag%%lﬂe%o e:ss t han
100 nanonet erE’ is2he Mbnimlfefeate€ siz@NTlis Bsbamdefermirdihdbily bylies planart he
plurality of control l|ines are disposed verti cal [eé/ above the floating
gates. 4740 THeugueof thefouresygatepndidrain an thesirfagnel the seraisondydtivgt i ng gat e

i ncl ud 30 .horj zantal | i.ent.ed {1 oat i t e_havi .vertical side of
| ess t han 108 RIS BeNs detiribRlILs b YRbe 8 PrOBEYERFY rPisioF e f1oating
gate is sepak@ic@areddndbufed colPoLetO6ORS s BReY ARl kel RAiINg gat e oxi de

fromthe ultra thin single crystalline vertical body regions on opposing
si des of thesurfasg@reaf dihe audtirartin yertiaal dody girudtunes allapg tramsistopppasatiasni ¢ syst em

f claim 43, ein.the pl i f control. i 5 di d

verticarly abSOSiBhiont el T Lid s K Mk oine iy, BrSp€pdRSiEc) ai m as,

wher ei n QQChar%iH&ﬁc@llﬁéﬁ’xﬁﬁﬁxﬁqhﬁnﬁ%sbﬁﬁfetdiﬁéﬁsiéﬂs{?ﬂﬁh??oﬂ Spara siekl i cal length
W

of less than 100 manoneters and a horizonta h of 'Iess than 10

manonet ers. hOwer, sthagsadiy trafsastorf aan stone) tveo bitvefi infogmgtiom thertatndsinsitois,
conprising: form a pillar extending outwardly froma sem conduct or

cubot rat e whdh B AoteBrh e S T ) E R Bt Far g T as G A aE Py ot al || ne
first contacihehgySierdhsh RGORAEQIMIe COMnRGELr. | ayer vertically separated by an
oxide layer; 15 formng a single crystalline vertical transistor along side
of the pillar, wherein the single crystalline vertical transistor includes
an ultra thin single crystalline vertical body region which separates an
ultra thin single crystalline vertical first source/drain region and an
ultra thin single crystalline vertical second source/drain region; 20

formng a floating gate opposing the ultra thin single crystalline vertical
body region; and
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formng a control gate separated fromthe floating gate by an insul ator

| ayer. 25 51. The nethod of claim50, wherein formng the ultra thin single
crystal | weoyesssical transistor includes form ng an ultrapchivsosongl e
crystalline transistor having a vertical length of | ess than 100 nanoneters
and a hori zo Sd PRS than 10 manoneters. 30 52. The nethod of
claimb50, wh f e ultra thin single crystalline vertical

transi stor includes formng an ultra thin single crystalline transistor
fromsolid phase epitaxial growh. 35 WO 02/ 065522 PCT/ US02/ 03131 53. A
met hod for fdrmi nh doatinggaterransisfor; edthprisiogipri sing: forming a pillar

t endi t dly. ' bstrate, ' ' th
o1 Tar 1 ncl udes. § GYHIHPCG RV BC S 4 HE o Pbfior SRR YogER Bl o
second COM¥ aGHldraN&hd SR BYstalindTirfPeoflfct Y& and hQeEMALoRtaBAlaler0f Singl e

crystalline vertical transistors along opposihg sides of each pillar,
“wher ei n f or mvegicaly kemrated by an gsidaldyene vertical transistor includes;

depositing a lightl oped polysilicon |ayer _of econd conductivity type
over the pillar ar?tP%’&ﬁq? é’é’tsﬁaﬁﬂlgl"le?‘céfg‘l‘ﬂs rﬂﬁ)f‘irﬂﬁgﬁﬁnﬁssi“ﬂi%fg PR9%er of the
second conduGu i : ‘S ' rs;

anneal i ng th?lt)ei\l‘%lf'é?é %ﬁ@ﬁtcﬁﬁg? ﬁ;{‘éﬁ\rgﬂﬁ%ﬁ%&ﬁ}ﬁ%ﬁé@h%ﬁnﬁﬁ F}ggﬁfnkger of the
second conduafystallie verfieal bedy wegial Whizk sepmnated @t wiralthiepinghecergdtaliot i d phase

regrowt h occurs, vertically tpo forma 15 single crystalline vertically
oriented Mt crertinel Bt sascddainreeionmad an lira i1} Sfpele e vl anneal ng
causes the sisggdngs%y%;ﬂihir or&i rst and second contact |ayers of a first
conductivity type seed a gr of single crystalline material of the first
20 conductivity t ypRodting@ateuppbsigtHeyulo ridd singleysystillinavéreiyatbody t he second
type to formvertically oriented first and second source/drain regions of
the first corf8g€Riandty type separated by the now single crystalline
vertically oriented i i Vi - .and 25
formng a floati ngal %@Ig?é%g%?%&aéé$ﬁga3g€ﬁg%t§1%%$ %G{e%%‘g%%gﬁagegepar at ed
therefrom#$y a gate oxide; formng a control gate separated fromthe
floating gate by an insulator layer. formng a buried bit Iine of single
crystal line eni c oM fleaging gatedrangistor of claim 1, wherein the ultra thin single

crystalline vertical body region includes a channel having a vertical length of less

than 100 nanometers.

20 3. The floating gate transistor of claim 1, wherein the ultra thin single
crystalline vertical body region has a horizontal width of less than 10

nanometers.

4, The floating gate transistor of claim 1, wherein the ultra thin single

25 crystalline vertical body region is formed from solid phase epitaxial growth.

5. A memory cell, comprising:
a pillar extending outwardly from a semiconductor substrate, wherein the
pillar includes a single crystalline first contact layer and a second contact layer
30 separated by an oxide layer;
a single crystalline vertical transistor formed along side of the pillar,

wherein the single crystalline vertical transistor includes;
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30 below the ultra thin single crystalline vertical body region, wherein
formng the buried bit line includes coupling the buried bit line to the
first com@otiodseaeer; formng a data |line coupled to the secorusopaiBact

| ayer; and 36 WD 02/ 065522 PCT/ US02/ 03131 wherein the form ng each

floating gate includes form each fl ! ate | nch bel ow a top
surface of the pillar faBrUIté%lgﬁ%glgg gcnfsﬁaz i %r@caﬁ E’ﬁrﬁggﬁrﬁ%gm%ﬁ%{nal l'ine
vertical body regions. 5 54-coﬁbl%dWfﬂéﬁst‘ﬁon&bﬁia?’é@& wherein formng each
floating gate in a trench below a top surface of each pillar includes

form ng each floating gatutrsthimsinpletcrystedling verticth sénond seurae/deain regiorf | oat i ng

gates opposing the ultra thin single crystalljne vertical body regions in
‘col um adj acent pillars on ocﬁ’HBllfaﬂ(bﬁ?ls dcff’ntaﬁgla%"french, and wherein the

pair of flpating gates @nfirsaRASAERENRYaIBRL VaratH| BbEY rekibnl YR aloRg  The
met hod of claim54, wherein formng the control line includes formng the

‘control line in the trench lxidenfththexitlopysywheoen tfe sitgle giysthineand bet ween
the pair of floating gates, and erein formng . each floatin ate 15
i ncludes formng a vertical I‘SF"b‘iaY\g yefaglpp&awlﬁgthgiff@ SHHKFF}r‘illéa"gr M ical
| ength of less than 100 nanngﬁéasreg?n@sqmrc@}?ﬁimgéc}gg. £y claim54, wherein
g the c

formng the control line includes formn ntrol |ine disposed
vertically above the flxofidating ggetopposiag)tieiertidabbodit legbnahd s¢praved3, wher ei n
form ng each floating gate includes formng a horizontally oriented
floating Hhate, wherein the HBfEHBmbNA 8A6PYIERt ed f1 0ating gate i s separat ed

by a floating gat i I i j / | verti cal
body regions on ogap(g}sﬁ;trﬁgggstlé gépsa} %?d ft?{zﬁe] ﬂ?er gﬁ%ﬁgﬁgwﬁﬁﬁlﬁlﬁ%@ flaagj&gcent _
pillars, and wher & buried\bétrlinecfaimal efsimle tfystalimeisemivoatigtoranaterilesdf | oat i ng
gate has a length of |less than 100 nanoneters. 58. The nethod of claim57,
wher ei n f or midgposebbelow thepltrithia singlq ydalling vertige body regen. mdergin e di sposed
vertically a I i thod of claim53, wherein
form ng each%g]}llﬁgﬁ)te}qglr%}g%p?&ntg%egﬁsf g%t;‘ggag£§%§ or includes form ng each

singl e crystal | i ne data lih€eduplddan shesseosndeonitarglayeB7 WO 02/ 065522
PCT/ US02/ 03131 vertical length of less than 100 nanoneters and a horizont al
wi dth of less than 10 nanoneters. 60. The nethod of claim53, wherein

formng the th".'r i edl"lpej &e%h&eceh%flcﬁ%%, wherein the buried bit line is more heavily

doped than the first contact layer and is formed integrally with the first contact
layer.

20
7. The memory cell of claim 5, wherein the ultra thin single crystalline
vertical body region includes a p-type channel having a vertical length of less

than 100 nanometers.

25 8. The memory cell of claim 7, wherein the ultra thin single crystalline

vertical body region has a horizontal width of less than 10 nanometers.

9. The memory cell of claim 5, wherein the pillar extends outwardly from
an insulating portion of the semiconductor substrate.

30
10.  The memory cell of claim 5, wherein the semiconductor substrate

includes a silicon on insulator substrate.
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5integrally formng the buried bit line with the first contact |ayer, and
formng the buried bit |ine separated fromthe sem conductor substrate by
an oxi dewayroess®l. A nethod for form ng an array of fl asiecrarsozgsisel | s,
conprising: formng a nunber of pillars extending outwardly froma

sem conduct or 110 Z&Jbst rate,. . wherein formng each pillar includes formng a
singl e crysta}l bin f’?ePE’EYE%‘htC%’P“F‘&%r and a second contact |ayer separated
by an oxide layer ;s fiQirdxichdglRithvardly oM Rufiforiudlbol SBIART Whéin the

transi stors al ong opposing sides of ‘each pillar, wherein form ng each

si ngl e cryst glillarnecludesta stugle cryatalinstfost dontaculdger;and 3 sdepuisiontacylagerl i ght | y
doped pol ysilicon |l .ayer of second conductivity type over the pillar and
“di rectionall yge%alrﬁtﬁfl% a{‘ﬁé‘dﬁgﬂf‘é’i licon |ayer of the second conductivity type
to | eave ly on sj tag: 3 ; i : ol i such t hat

t he Iightlosg dopedsdpégﬁ%/lgikﬁ%gfnneldgggrm g%lﬁﬁz%ortfﬁgﬂgg{l:lg}r{\%Slggﬁglgigtql@%riy type
‘recrystal | i zesheaeid thatinglacrysfallirexieaticab tthnsistghiasledessgr owt h occurs vertical ly

to forma single crystalline vertically griente terial of the second
conductivity type: Mer@itﬂtr@%nalﬁa@m%h%mgﬂfﬁg sQpHsgIdEatp FEIM | i ne

first and 25 second cont act Jo%él%ﬁ%oﬁfefﬁ;ﬂoﬁ?&c%&?@rducu vity type seed a
of the Ti

grom h of single crystalline teria st conductivity type into
the lightly doped pol ysinhilt#thih single @wystilline seticaldedondsoteefdedinrepgort i cal | y
oriented first and second source/drain regions of the first conductivity
type 30 stparated by a body ougledho therseeendspntaselayemagl e crystal | i ne

ticall iented materi : LV , 38 WO
02/ 065e22” PCTI US0a) 01l | 2 T i FEATRG SARPHShukhinforl KPRea BB °2 Doy

regi on and separated t her ef rqide dfthaogidt tayex ivieereih tHowimge aryglallinal i ty of
buried bit lines formed of single crystalline sem conductor materi al
di sposed bel ow the pillars iYeriagadbady eegiomsepples thel first Joyrcedirpintregiennect i ng

with the first contact |ayer, of colu adj, acent Dpi | s in the array of
menory cells; formng a pl urtgﬁtl“f §/e%8? %Oélﬁ‘tdér/% mie 1@3’ "Lsng{par ated from each

floating gate by an i nsgfigdting datysPposiap the @itital Body Riglonadndis¥pitediat a | i nes
coupled to the second contact |ayer in 10 row adjacent pillars. 39
therefrom by a gate oxide;
a control gate separated from the floating gate by an insulator layer.
a buried bit line formed of single crystalline semiconductor material and
disposed below the ultra thin single crystalline vertical body region, wherein the

20 buried bit line is coupled to the first contact layer;

a data line coupled to the second contact layer; and

wherein the floating gate is formed in a trench below a top surface of the

pillar for addressing the ultra thin single crystalline vertical body region.

25 12.  The memory cell of claim 11, wherein the control gate is formed in the

trench below the top surface of the pillar.
13.  The memory cell of claim 11, wherein the floating gate includes a

horizontally oriented floating gate, wherein a vertical side of the horizontally

30 oriented floating gate has a length of less than 100 nanometers.
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the trench below the top surface of the pillar.

18.  The flash memory cell of claim 15, wherein each ultra thin single
crystalline vertical body region includes a p-type channel having a vertical length

10  of less than 100 nanometers.

19.  The flash memory cell of claim 15, wherein the buried bit line is formed
integrally with the first contact layer and is separated from the semiconductor
substrate by an oxide layer.

15
20.  The flash memory cell of claim 15, wherein each floating gate includes a
horizontally oriented floating gate having a vertical side length of less than 100

nanometers.

20 21.  The flash memory cell of claim 15, wherein each floating gate includes a

vertically oriented floating gate having a vertical length of less than 100

nanometers.
22.  An array of memory cells, comprising:
25 a number of pillars extending outwardly from a semiconductor substrate,

wherein each pillar includes a single crystalline first contact layer and a second
contact layer separated by an oxide layer;
a number of single crystalline vertical transistors formed along selected
sides of the pillars, wherein each single crystalline vertical transistor includes;
30 an ultra thin single crystalline vertical first source/drain region

coupled to the first contact layer;
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a plurality of control lines separated from each floating gate by an

insulator layer.

15 23.  The array of memory cells of claim 22, wherein each floating gate is

formed in a trench below a top surface of each pillar.

24. The array of memory cells of claim 23, wherein each floating gate

includes a horizontally oriented floating gate having a vertical side of less than
20 100 nanometers, and wherein the horizontally oriented floating gate are

separated by a floating gate oxide from the ultra thin single crystalline vertical

body regions on opposing sides of the trench for column adjacent pillars.

25.  The array of memory cells of claim 24, wherein the plurality of control

25 lines are disposed vertically above the floating gates.

26.  The array of memory cells of claim 22, wherein each single crystalline
vertical body region includes a p-type channel having a vertical length of less
than 100 nanometers.

30
27.  The array of memory cells of claim 22, wherein each of the plurality of

buried bit lines is separated by an oxide layer from the semiconductor substrate.

29
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10z an ultra thin single crystalline vertical first source/drain region
coupled to the first contact layer;
an ultra thin single crystalline vertical second source/drain region
15 coupled to the second contact layer;
an ultra thin single crystalline vertical body region formed along
side of the oxide layer and which couples the first and the
second source/drain regions; and
a floating gate opposing the vertical body region and separated
20 therefrom by a floating gate oxide;

a plurality of buried bit lines formed of single crystalline semiconductor
material and disposed below the pillars in the array memory cells for
interconnecting with the first contact layer of column adjacent pillars in the array
of memory cells;

25 a plurality of control lines separated from each floating gate by an
insulator layer; and

a plurality of data lines coupled to the second contact layer in row

adjacent pillars.

30 30. The array of flash memory cells of claim 29, wherein each floating gate is
formed in a trench below a top surface of each pillar such that each trench houses

a pair of floating gates opposing the ultra thin single crystalline vertical body

30
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10 32.  The array of flash memory cells of claim 30, wherein the plurality of

control lines are disposed vertically above the floating gates.

33.  The array of flash memory cells of claim 29, wherein each floating gate

includes a horizontally oriented floating gate having a vertical side of less than

15 100 nanometers, and wherein the horizontally oriented floating gate is separated

by a floating gate oxide from the ultra thin single crystalline vertical body

regions on opposing sides of the trench for column adjacent pillars.

34.  The array of flash memory cells of claim 29, wherein the plurality of

20 control lines are disposed vertically above the floating gates.

35.  The array of flash memory cells of claim 29, wherein each single

crystalline vertical transistor has a vertical length of less than 100 nanometers

and a horizontal width of less than 10 nanometers.
25
36.  An electronic system, comprising:

a processor; and

a memory device coupled to the processor, wherein the memory device

includes a memory cell array, and wherein each memory cell in the memory

30 array includes;
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10%: ()- 6 $10%: ()- 10 10 an ultra thin single crystalline vertical body region which
opposes the oxide layer and couples the first and
the second source/drain regions; and

a floating gate opposing the vertical body region and

separated therefrom by a gate oxide;

15 a plurality of buried bit lines formed of single crystalline semiconductor
material and disposed below the pillars in the array memory cells for
interconnecting with the first contact layer of column adjacent pillars in the array
of memory cells; and

a plurality of control lines separated from each floating gate by an

20 insulator layer.

37.  The electronic system of claim 36, wherein each floating gate is formed

in a trench below a top surface of each pillar.

25 38.  The electronic system of claim 36, wherein each floating gate includes a
horizontally oriented floating gate having a vertical side of less than 100
nanometers, and wherein the horizontally oriented floating gates are separated by
a floating gate oxide from the ultra thin single crystalline vertical body regions
on opposing sides of the trench for column adjacent pillars.

30
39.  The electronic system of claim 36, wherein the plurality of control lines

are disposed vertically above the floating gates.

32
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42.  The electronic system of claim 36, wherein each floating gate includes a
vertically oriented floating gate having a vertical length of less than 100

10 nanometers.

43.  An electronic system, comprising:
a processor; and
a memory device including an array of memory cells coupled to the

15 processor, wherein the array of memory cells includes:

a number of pillars extending outwardly from a semiconductor
substrate, wherein each pillar includes a single crystalline
first contact layer and a second contact layer separated by
an oxide layer;

20 a pair of single crystalline vertical transistors formed along
opposing sides of each pillar, wherein each single crystalline vertical transistor
includes;

an ultra thin single crystalline vertical first source/drain
region coupled to the first contact layer;

25 an ultra thin single crystalline vertical second source/drain

region coupled to the second contact layer;

an ultra thin single crystalline vertical body region formed
along side of the oxide layer and which couples the
first and the second source/drain regions;

30 a floating gate opposing the vertical body region and

separated therefrom by a floating gate oxide;
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insulator layer; and
a plurality of data lines coupled to the second contact layer in row

adjacent pillars.

15 44.  The electronic system of claim 43, wherein each floating gate is formed
in a trench below a top surface of each pillar such that each trench houses a pair
of floating gates opposing the ultra thin single crystalline vertical body regions in
column adjacent pillars on opposing sides of the trench, and wherein the pair of
floating gates are separated by an insulator layer.

20
45. The electronic system of claim 44, wherein the plurality of control lines
are formed in the trench below the top surface of the pillar and between the pair
of floating gates, and wherein each floating gate includes a vertically oriented
floating gate having a vertical length of less than 100 nanometers.

25
46.  The electronic system of claim 44, wherein the plurality of control lines

are disposed vertically above the floating gates.
47. The electronic system of claim 43, wherein each floating gate includes a

30 horizontally oriented floating gate having a vertical side of less than 100

nanometers, and wherein the horizontally oriented floating gate is separated by a
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50. A method for forming a floating gate transistor, comprising:

forming a pillar extending outwardly from a semiconductor substrate,
wherein forming the pillar includes forming a single crystalline first contact layer
and a second contact layer vertically separated by an oxide layer;

15 forming a single crystalline vertical transistor along side of the pillar,
wherein the single crystalline vertical transistor includes an ultra thin single
crystalline vertical body region which separates an ultra thin single crystalline
vertical first source/drain region and an ultra thin single crystalline vertical
second source/drain region;

20 forming a floating gate opposing the ultra thin single crystalline vertical
body region; and

forming a control gate separated from the floating gate by an insulator

layer.

25 51.  The method of claim 50, wherein forming the ultra thin single crystalline
vertical transistor includes forming an ultra thin single crystalline transistor
having a vertical length of less than 100 nanometers and a horizontal width of

less than 10 nanometers.

30 52.  The method of claim 50, wherein forming the ultra thin single crystalline
vertical transistor includes forming an ultra thin single crystalline transistor from

solid phase epitaxial growth.
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conductivity type over the pillar and directionally etching

10 the polysilicon layer of the second conductivity type to
leave only on sidewalls of the pillars;

annealing the pillar such that the lightly doped polysilicon layer of

the second conductivity type recrystallizes and lateral
epitaxial solid phase regrowth occurs vertically to form a

15 single crystalline vertically oriented material of the second
conductivity type;

wherein the annealing causes the single crystalline first and

second contact layers of a first conductivity type seed a
growth of single crystalline material of the first

20 conductivity type into the lightly doped polysilicon layer
of the second type to form vertically oriented first and
second source/drain regions of the first conductivity type
separated by the now single crystalline vertically oriented
material of the second conductivity type; and

25 forming a floating gate opposing the vertical body region and
separated therefrom by a gate oxide;

forming a control gate separated from the floating gate by an insulator
layer.
forming a buried bit line of single crystalline semiconductor material
30 below the ultra thin single crystalline vertical body region, wherein forming the
buried bit line includes coupling the buried bit line to the first contact layer;

forming a data line coupled to the second contact layer; and
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each trench houses a pair of floating gates opposing the ultra thin single

crystalline vertical body regions in column adjacent pillars on opposing sides of

the trench, and wherein the pair of floating gates are separated by an insulator

10 layer.

55.  The method of claim 54, wherein forming the control line includes
forming the control line in the trench below the top surface of the pillar and
between the pair of floating gates, and wherein forming each floating gate

15 includes forming a vertically oriented floating gate having a vertical length of

less than 100 nanometers.

56.  The method of claim 54, wherein forming the control line includes
forming the control line disposed vertically above the floating gates.

20 |
57.  The method of claim 53, wherein forming each floating gate includes
forming a horizontally oriented floating gate, wherein the horizontally oriented
floating gate is separated by a floating gate oxide from the ultra thin single
crystalline vertical body regions on opposing sides of the trench for column

25 adjacent pillars, and wherein a vertical side of the horizontally oriented floating

gate has a length of less than 100 nanometers.

58.  The method of claim 57, wherein forming the control line includes
forming the control line disposed vertically above the floating gates.

30
59.  The method of claim 53, wherein forming each single crystalline vertical

transistor includes forming each single crystalline vertical transistor having a
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integrally forming the buried bit line with the first contact layer, and forming the

buried bit line separated from the semiconductor substrate by an oxide layer.

61. A method for forming an array of flash memory cells, comprising:
forming a number of pillars extending outwardly from a semiconductor
substrate, wherein forming each pillar includes forming a single crystalline first
contact layer and a second contact layer separated by an oxide layer;
forming a pair of single crystalline vertical transistors along opposing
sides of each pillar, wherein forming each single crystalline vertical transistor
includes;
depositing a lightly doped polysilicon layer of a second
conductivity type over the pillar and directionally etching
the polysilicon layer of the second conductivity type to
leave only on sidewalls of the pillars;
annealing the pillar such that the lightly doped polysilicon layer of
the second conductivity type recrystallizes and lateral
epitaxial solid phase regrowth occurs vertically to form a
single crystalline vertically oriented material of the second
conductivity type;
wherein the annealing causes the single crystalline first and
second contact layers of a first conductivity type seed a
growth of single crystalline material of the first
conductivity type into the lightly doped polysilicon layer
of the second type to form vertically oriented first and
second source/drain regions of the first conductivity type
separated by a body region formed by the single
crystalline vertically oriented material of the second

conductivity type; and
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